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EXECUTIVE SUMMARY

1.0 INTRODUCTION

The National Marine Fisheries Service (NMFS) and the Bureau of Ocean Energy Management (BOEM)
have prepared this Environmental Impact Statement (EIS) to describe the effects of offshore oil and gas
exploration activities in the U.S. Beaufort and Chukchi seas. This EIS analyzes a range of management
alternatives to assist NMFS and BOEM in carrying out their statutory responsibilities to authorize or
permit these activities.

The statutory responsibilities include BOEM’s issuance of permits and authorizations under the Outer
Continental Shelf Lands Act (OCS Lands Act) for seismic surveys and ancillary activities and NMFS’
issuance of incidental take authorizations (ITAs) under Section 101(a)(5) of the Marine Mammal
Protection Act (MMPA). A geological and geophysical (G&G) permit must be obtained from BOEM in
order to conduct G&G exploration activities for oil, gas, and sulphur resources when operations occur on
unleased lands or on lands leased to a third party.

NMFS issues ITAs for oil and gas exploration activities because it is likely that seismic and exploratory
drilling activities may result in the disturbance of marine mammals through sound, discharge of
pollutants, and/or the physical presence of vessels. Because of the potential for these activities to “take”
marine mammals, oil and gas operators may choose to apply for an ITA.

1.1 Background

On April 6, 2007, NMFS and the U.S. Minerals Management Service (MMS [now BOEM]) published a
Draft Programmatic EIS (DPEIS) that assessed the impacts of MMS’ issuance of permits and
authorizations for seismic surveys in the Beaufort and Chukchi seas off the coast of Alaska, and NMFS’
issuance of ITAs to take marine mammals incidental to conducting those permitted activities. Since the
DPEIS was published, new information that alters the scope, set of alternatives, and analyses in the
DPEIS has become available. In addition, NMFS determined that an EIS must also address the potential
effects of exploratory drilling, which were not addressed in the 2007 DPEIS. Therefore, MMS and
NMFS filed a Notice of Withdrawal of the PDEIS on October 28, 2009 and announced their decision to
prepare a new EIS to be called, Effects of Oil and Gas Activities in the Arctic Ocean, with BOEM as a
cooperating agency.

On December 30, 2011, NMFS published a Notice of Availability for the Effects of Oil and Gas Activities
in the Arctic Ocean Draft Environmental Impact Statement in the Federal Register (76 FR 82275). The
public was afforded 60 days to comment on that document. Consistent with comments on the Draft EIS,
NMFS and BOEM determined that the Final EIS would benefit from the inclusion of an additional
alternative for analysis that cover a broader range of potential levels of exploratory drilling, including
scenarios in the Beaufort and Chukchi seas that are more reflective of the levels of activity that oil and
gas companies have indicated may be pursued in the region within the coming years and that some of the
alternatives should be slightly altered from the 2011 Draft EIS. The alternatives are based upon the
agencies’ analysis of additional information, including the comments and information submitted by
stakeholders during the Draft EIS public comment period. For this reason, the agencies determined it
appropriate to prepare this Supplemental Draft EIS and allow for an additional public comment period
before releasing the Final EIS and Record of Decision (ROD). On January 30, 2013, NMFS published an
NOI informing the public of its determination to prepare a Supplemental Draft EIS in the Federal
Register (78 FR 6303).

NMFS made several substantive changes to this EIS since publication of the 2011 Draft EIS. Portions of
the EIS where substantive changes have occurred include:
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e Alternatives

0 Added a new alternative that contemplates a higher level of exploratory drilling activity
overall than the previous high level of activity alternative (now contemplates a scenario
with a maximum of four exploratory drilling programs in both the Beaufort and Chukchi
seas each year).

0 Based on updated data, modified some of the time/area closures, which have been
identified as areas in which activities could be limited in order to protect marine
mammals during times when key life functions are being performed (e.g. feeding) and
subsistence hunting areas from the effects of exploration activities.

o Mitigation Measures

0 Updated the structure and analysis of the mitigation measures contemplated for inclusion
under the alternatives.

o0 For each measure, outlined activities to which it applies (e.g. just 2D/3D seismic surveys
or just exploratory drilling or all activities), the purpose of the measure, the science,
support for reduction of impacts to marine mammals or subsistence availability of marine
mammals, the likelihood of effectiveness, the history of implementation of the measure,
practicability for applicant implementation, and recommendation for how, and if, to apply
the measure in future MMPA ITAs.

e Baseline Information
0 Using data and literature noted by commenters during the previous public comment
period, updated information in the affected environment sections to incorporate newer
information (mostly for marine mammals and subsistence activities).

e Impact Analyses

0 Revised the impact criteria and analyses of potential impacts to marine mammals and
subsistence resources to include additional factors that more closely align with analyses
conducted under the MMPA.

o Included information regarding potential changes to the acoustic criteria currently used
by NOAA to determine the level at which injury of marine mammals and behavioral
effects from seismic airguns occurs. Because the acoustic criteria will go out for public
comment and undergo a peer review process, we can only include some basic information
at this time and then refer the public to the acoustic criteria document for comment when
it is made available. The schedules for the public review process and finalization of the
two documents are similar.

While NMFS has made several changes to the document based on public comments received on the 2011
Draft EIS, an appendix addressing responses to all public comments on both the 2011 Draft EIS and this
Supplemental Draft EIS will appear in the Final EIS.

1.2 Process

NMFS, as the lead federal agency, prepared this EIS to evaluate a broad range of reasonably foreseeable
levels of exploration activities that may occur. BOEM and the North Slope Borough (NSB) (a local
government entity of the State of Alaska) are serving as formal cooperating agencies; the Environmental
Protection Agency (EPA) is serving as a consulting agency. NMFS also coordinated with the Alaska
Eskimo Whaling Commission (AEWC) pursuant to our co-management agreement under the MMPA on
the preparation of this EIS. NMFS invited the U.S. Fish and Wildlife Service (USFWS) to join the effort
as a cooperating agency, but they declined the request.

NMFS has published this EIS to disclose the potential impacts associated with their issuance of ITAs, and
invites all interested parties to comment. The EIS will allow NMFS and BOEM to comprehensively
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assess activities that may occur in a given season before receiving applications. This will allow them to
issue permits and authorizations more quickly and efficiently.

A brief summary of the agencies’ regulatory requirements follows:

1.2.1 MMPA Requirements

Sections 101(a)(5)(A) and (D) of the MMPA (16 United States Code [U.S.C.] 8 1361 et seq.) direct the
Secretary of Commerce to allow, upon request, the incidental, but not intentional taking of small numbers
of marine mammals by U.S. citizens who engage in a specified activity (other than commercial fishing)
within a specified geographical region, if certain findings are made and either regulations are issued or, if
the taking is limited to harassment, a notice of proposed authorization is provided to the public for review.
Authorization for incidental takings shall be granted if:

o NMPFS finds that the taking will have a negligible impact on the species or stock(s);

o NMPFS finds that the taking will not have an unmitigable adverse impact on the availability of the
species or stock(s) for subsistence uses (where relevant); and

o the permissible methods of taking and requirements pertaining to the mitigation, monitoring, and
reporting of such takings are set forth.

1.2.2 OCS Lands Act Requirements:

The OCS Lands Act, 43 U.S.C. § 1331 et seq. prescribes a four stage process for development of offshore
federal oil and gas resources: (1) a 5-year oil and gas leasing program; (2) lease sales; (3) exploration
pursuant to exploration plans; and (4) development and production plans. Environmental reviews are
conducted for each of these stages. Government-to-Government consultation occurs in stages two
through four, and there is opportunity for public comment in all four stages.

The OCS Lands Act directs BOEM and the Bureau of Safety and Environmental Enforcement (BSEE) to
oversee the “expeditious and orderly development [of OCS resources] subject to environmental
safeguards” (43 U.S.C. 88 1332(3), (6), 1334(a)(7)). Critical to the potential development of OCS
resources is the ability to gather geological and geophysical data on the resource potential of the OCS.
BOEM, which has rights to all data collected under the OCS Lands Act and implementing regulations,
needs the best available data to ensure that the federal government, i.e. the American people, receives fair
market value for leased resources. The OCS Lands Act establishes U.S. Department of Interior authority,
delegated to BOEM by regulation, to issue G&G permits or notice approvals for G&G, ancillary, and
exploration activities, and approve exploratory drilling plans for these and related purposes. BOEM’s
regulations are at 30 CFR Part 551 and for G&G permits and ancillary activities and Exploration Plans
are at 30 CFR Part 550.

BOEM regulations (30 CFR Part 551) specifically state that G&G activities cannot:

o interfere with or endanger operations under any lease or right-of-way, easement, right-of-use,
Notice, or permit issued or maintained under the OCS Lands Act;

e cause harm or damage to life (including fish and other aquatic life), property, or to the marine,
coastal, or human environment;

e cause harm or damage to any mineral resource (in areas leased or not leased);
e cause pollution;
e create hazardous or unsafe conditions;

o disturb archaeological resources; or
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e unreasonably interfere with or cause harm to other uses of the area.

Pursuant to 30 CFR Part551.4, a G&G permit must be obtained from BOEM to conduct G&G
exploration for oil, gas, and sulphur resources when operations occur on unleased lands or on lands leased
to a third party. Ancillary activities are regulated under 30 CFR Part 550.207 through 550.210, which
also states that a notice must be submitted before conducting such activities pursuant to a lease issued or
maintained under the OCS Lands Act.

1.3 Project Overview
The proposed actions of two federal agencies considered in this EIS are:

e The issuance of ITAs under Section 101(a)(5) of the MMPA, by NMFS, for the incidental taking
of marine mammals during G&G permitted activities, ancillary activities, and exploratory drilling
activities in the U.S. Beaufort and Chukchi seas, Alaska, and

e The authorization of G&G permits and ancillary activities in the U.S. Beaufort and Chukchi seas,
Alaska, by BOEM under the OCS Lands Act.

These federal actions are related, but distinct, actions.

This EIS will also evaluate the potential effects to the environment of authorizing takes of marine
mammals incidental to such activities occurring in either federal or State of Alaska waters. Activities that
could occur in state waters include on-ice and open water seismic surveys, high-resolution site
clearance/shallow hazards surveys, and exploratory drilling. The oil and gas exploration activities that are
addressed and evaluated in this EIS are grouped into the following three categories:

o Deep penetration geophysical surveys — (e.g. seismic surveys, including open-water, towed
streamer 2-dimensional [2D] or 3-dimensional [3D] surveys, in-ice towed streamer 2D surveys,
on-ice 2D or 3D surveys or Ocean-Bottom- Receiver [ cable or node; OBC] surveys; gravity and
gradiometry surveys; and controlled source electromagnetic surveys [CSEM]). These surveys are
conducted to identify prospective blocks for bidding in lease sales and to optimize drilling sites
on leases acquired in sales.

o Shallow hazards surveys — (also called high-resolution or site clearance surveys). These activities
use either acoustic sources to provide imagery of the sub-seafloor to a depth of less than 1,500
meters (0.9 miles), or use sediment sampling devices to identify hazards.

o Exploratory drilling — Any drilling conducted by a lessee to search for commercial quantities of
oil, gas, or sulfur is authorized under 30 CFR Parts 250 and 550, regulated by BSEE and BOEM
respectively.

The project area (Figure 1.1) covers an area of approximately 200,331 square miles within the Alaskan
portion of the Beaufort and Chukchi seas. It includes State of Alaska and OCS waters adjacent to the
North Slope of Alaska and transit areas of the Chukchi Sea north of the Bering Straits.

1.4 Project Purpose and Need
1.4.1 Purpose

Energy use in the U.S. is expected to continue to increase from present levels through 2040 and beyond
(EIA 2012). For example, the U.S. consumption of crude oil and petroleum products has been projected to
increase from about 19.1 million barrels (Mbbl) per day in 2010 to about 21.9 Mbbl per day in 2035 (EIA
2011). Qil and gas reserves in the OCS represent significant sources that currently help meet U.S. energy
demands and are expected to continue to do so in the future. The benefits of producing oil and natural gas
from the OCS include not only helping to meet this national energy need but also generating money for
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public use. In this context, the purpose for issuing permits for seismic surveying activities under the OCS
Lands Act and issuing authorizations to “take” marine mammals under the MMPA are discussed below.

The federal actions considered in this EIS are the issuance of G&G permits and ancillary activity notice
approvals by BOEM for the Beaufort and Chukchi seas and the issuance of ITAs under the MMPA for
G&G surveys, ancillary activities, and exploratory drilling activities in the Beaufort and Chukchi seas by
NMFS. ITAs could be issued for these activities in either federal or State of Alaska waters. Given the
widespread presence of several species of marine mammals in the Beaufort and Chukchi seas and the
nature of oil and gas exploration activities, it is likely that some amount of seismic and exploratory
drilling activities may result in the disturbance of marine mammals through sound, discharge of
pollutants, and/or the physical presence of vessels. Because of the potential for these activities to “take”
marine mammals, oil and gas operators may choose to apply for an ITA.

Sections 101(a)(5)(A) and (D) of the MMPA direct NMFS to allow, upon request, the incidental, but not
intentional, taking of small numbers of marine mammals of a species or population stock by U.S. citizens
who engage in a specified activity (other than commercial fishing) within a specified geographical region
if certain findings are made and either regulations are issued or, if the taking is limited to harassment, a
notice of proposed authorization is provided to the public for review. Authorization for incidental taking
shall be granted if NMFS finds that the taking will have a negligible impact on the affected species or
stock(s) and will not have an unmitigable adverse impact on the availability of the species or stock(s) for
taking for subsistence uses. NMFS must also prescribe: the permissible methods of taking pursuant to
the activity; other means of effecting the “least practicable adverse impact” on the affected species or
stock and its habitat and on the availability of such species or stock for subsistence uses; and requirements
pertaining to the monitoring and reporting of such taking.

1.4.2 Need

Authorizing “Take” under the MMPA: NMFS expects to receive applications to take marine mammals
incidental to oil and gas industry exploration activities (i.e. G&G and ancillary surveys and exploratory
drilling) pursuant to Sections 101(a)(5)(A) and (D) of the MMPA. This EIS is intended to assist NMFS
in its MMPA decision-making process related to projected requests for ITAs by providing a
comprehensive understanding of deep penetration geophysical surveys, shallow hazards surveys, and
exploratory drilling in the U.S Beaufort and Chukchi seas for future years and may be revised as
necessary. NMFS intends to use this EIS as the required NEPA analysis to support the issuance of ITAs
for Arctic oil and gas exploration activities. It is the intent of NMFS that the scope of this EIS covers as
many actions as possible. However, if necessary, NMFS may need to conduct additional NEPA analysis
to support future Arctic MMPA oil and gas permit decisions if such activities fall outside the scope of this
EIS. This applies to actions taken under Sections 101(a)(5)(A) and (D) (i.e. issuance of LOAs and IHAS)
Please see Chapter 5 (Sections 5.1.2 and 5.1.3) for additional discussions on NEPA compliance related to
this EIS.

Authorizing Offshore Oil & Gas Activities: BOEM expects to receive applications to conduct
exploration surveys, ancillary activities, and exploration drilling pursuant to the OCS Lands Act. To
fulfill statutory mandates for proposed exploratory drilling projects, BOEM requires lessees to submit
industry-obtained seismic survey data, high-resolution shallow hazards data, and well information with an
Exploration Plan. BOEM and BSEE use the information to: (a) ensure safe operations, which refers to
detection of shallow gas pockets, faults, channel boundaries or other geological or man-made features that
could be hazards to drilling; (b) support environmental impact analyses; (c) protect resources through
avoidance measures, such as prohibiting anchor locations within a boulder patch area or a potential
archeological site; and (d) perform other statutory responsibilities.
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1.5 Public Input Process

1.5.1 Scoping

The scoping period for the Effects of Oil and Gas Activities in the Arctic Ocean EIS began on February 8,
2010 and ended April 9, 2010. Public scoping meetings were held during February and March 2010 in
the communities of Kotzebue, Point Hope, Point Lay, Wainwright, Barrow, Nuigsut, Kaktovik, and
Anchorage. Scoping comments were received verbally and in writing through discussion, testimony, fax,
regular mail, and electronic mail.

Of the issues identified during scoping, those that were most commonly raised included:

Concerns regarding the NEPA process;

Impacts to marine mammals and habitats;

Risks of oil spills;

Climate change;

Protection of subsistence resources and the Ifiupiat culture and way of life;
Availability of research and monitoring data for decision-making;
Monitoring requirements; and

Suggestions for, or implementation of, mitigation measures.

For more detail on the issues raised during the scoping process, please refer to Appendix C in the 2011
Draft EIS.

Executive Order 13175 (Consultation and Coordination with Indian Tribal Governments), states that the
U.S. Government will “work with Indian tribes on a government-to-government basis to address issues
concerning Indian Tribal self-government, trust resources, and Indian Tribal treaty and other rights.”
For government-to-government consultation during the scoping process for this EIS, Tribal governments
in each community, with the exception of Anchorage, were notified of the EIS process and invited to
participate. The Tribal Organizations that received invitations to participate are listed below. Native
Village of Point Hope declined to participate because they received less than one month of prior
notification.

e Native Village of Nuigsut e Native Village of Barrow
e Ifupiat Community of the Arctic Slope e Native Village of Wainwright
o Native Village of Point Hope e Native Village of Kotzebue

e Native Village of Point Lay

1.5.1 Draft EIS Public Comment Process

The public comment process for the 2011 Draft EIS began on December 30, 2011. After granting a 15-
day extension, the comment period ended on February 28, 2012. Public meetings were held in the
communities of Barrow, Wainwright, Kotzebue, Kivalina, Point Hope, and Anchorage. Public comments
were received verbally and in writing through discussion, testimony, fax, regular mail, and electronic
mail.

Of the issues raised during the 2011 Draft EIS public comment process, many were similar to those
mentioned above as raised during the scoping process. Those that were most commonly raised include:

e Concerns related to public participation and review process;
o Compliance with NEPA, the MMPA, and other applicable statutes;
e Inadequacy with the range of alternatives;
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e Improper dismissal of alternatives;
Inadequacy of description and analysis of certain physical, biological, and social resources and
failure to include newer data; and

e Insufficient analysis and information related to the effectiveness and implementation of
mitigation measures.

NMFS will include an appendix in the Final EIS that contains a summary of comments and responses
received on the 2011 Draft EIS and this Supplemental Draft EIS.

2.0 ALTERNATIVES

A total of 11 alternatives were initially considered for this Supplemental Draft EIS, with the No Action
Alternative and five action alternatives carried forward for analysis. The alternatives dismissed and not
considered for analysis include: permanent closures of areas, caps on levels of activity and/or noise,
duplicative surveys, zero discharge, and a level of exploratory drilling programs commensurate with the
number of lease holders in the Beaufort and Chukchi seas. Some aspects of the dismissed alternatives
have been incorporated into the five remaining action alternatives and/or mitigation measures to be
considered for analysis.

NMFS and BOEM identified alternatives by:

o Evaluating alternative concepts suggested during the scoping period (such as using alternative
technologies to airguns for seismic surveys).

¢ Reviewing potential alternatives in the context of NMFS and BOEM'’s regulatory requirements.

e Assessing potential levels of seismic exploration and exploratory drilling activities, and a suite of
Standard Mitigation Measures.

o Identifying a range of potential Additional Mitigation Measures that need further analysis and
may be applied to alternatives pursuant to the MMPA ITA process and the BOEM OCS Lands
Act permitting process.

Alternatives were developed based on NMFS’ desire to proactively analyze both the effects of multiple
exploration activities and effectiveness of mitigation measures, and to anticipate regulatory compliance
needs over the timeframe of this EIS.

Past ITAs have been issued for individual G&G surveys, ancillary activities, and exploratory drilling
projects in the Beaufort and Chukchi seas in the form of Incidental Harassment Authorizations (IHAs) for
periods of no more than one year at a time. This EIS analyzes the effects from multiple oil and gas
industry exploration activities, the potential effects of authorizing takes from concurrent activities, and
whether the standard mitigation and monitoring measures stipulated in the past are appropriate for current
and reasonably foreseeable oil and gas activities. The analysis also includes additional mitigation
measures suggested by the public or other agencies.

Based upon past lease sales, G&G permits, ancillary activity notices, exploration drilling exploration
activities, and requests for ITAs, NMFS and BOEM have determined a reasonable range and level of
activities for which permits and authorizations may be requested in the foreseeable future. While the
level of activity proposed may vary from one year to the next, the action alternatives represent a
reasonable range of exploration activities for which permits and authorizations may be requested.

In this EIS, NMFS and BOEM present and assess a reasonable range of G&G, ancillary, and exploratory
drilling activities expected to occur, as well as a reasonable range of mitigation measures, in order to
accurately assess the potential consequences of issuing ITAs under the MMPA and permits under the
OCS Lands Act.
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The six alternatives evaluated are:
e Alternative 1: No Action
e Alternative 2: Authorization for Level 1 Exploration Activity
e Alternative 3: Authorization for Level 2 Exploration Activity
e Alternative 4: Authorization for Level 3 Exploration Activity

e Alternative 5: Authorization for Level 3 Exploration Activity with Additional Required
Time/Area Closures

e Alternative 6: Authorization for Level 3 Exploration Activity with Use of Alternative
Technologies

Table ES-1 outlines the differences in the alternatives between the 2011 Draft EIS and this Supplemental
Draft EIS, as well as outlining the differences between the alternatives themselves.

The potential level of activity described by each alternative is based on recent federal and state lease
planning and recent industry plans for both seismic surveys and exploratory drilling programs in the
Beaufort and Chukchi seas.

For analysis in this EIS, one “program” entails however many surveys or exploration wells a particular
company is planning for that season. Each “program” would use only one source vessel (or two source
vessels working in tandem, e.g. OBC surveys) or drilling unit (i.e. drillship, jackup rig, SDC, etc.) to
conduct the program and would not survey multiple sites or drill multiple wells concurrently. Survey
vessels and drilling units are generally self-contained, with the crew living aboard the vessel. For surveys
in the Beaufort Sea, support operations would likely occur out of West Dock or Oliktok Dock near
Prudhoe Bay. Chukchi Sea surveys could be supported either from Wainwright or Nome. Helicopters
stationed at either Barrow (for operations in either the Beaufort Sea or Chukchi Sea) or Deadhorse (for
operations in the Beaufort Sea) would provide emergency or search-and-rescue support, as needed.

Site clearance and shallow hazards survey programs are contemplated in each action alternative and
typically also include ice gouge and strudel scour surveys and are often referred to as marine survey
programs by oil and gas industry operators. The ice gouge and strudel scour surveys do not involve the
use of airguns but do involve the use of smaller, higher-frequency sound sources, such as multibeam
echosounders and sub-bottom profilers. The area of a site clearance and shallow hazards survey, which is
tied to a lease plan, is typically determined by the number of potential, future drill sites in the area.
Table 2.4 outlines the typical types of sound sources used in these programs.
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Table ES-1 Differences in the Alternatives between the December 2011 Draft EIS and this

Supplemental Draft EIS

Alternative 2011 Draft EIS 2013 Supplemental Draft
EIS
Alternative | NMFS would not issue ITAs under the MMPA, and Same as in 2011 Draft EIS
1 (No BOEM would not issue permits and notices under the
Action) OCS Lands Act.
Alternative | Considered up to: Same as in 2011 Draft EIS
2 e Four 2D/3D seismic or
CSEM surveys in the Beaufort Sea and up to three
2D/3D seismic or CSEM surveys in the Chukchi Sea,
with up to one of that total number in each done in-ice
if necessary.
e Three site clearance and high resolution shallow
hazards survey programs in each sea per year
e One on-ice seismic survey in the Beaufort Sea per
year
e One exploratory drilling program in each sea per year
Considered inclusion of required standard mitigation
measures and additional mitigation measures.
Alternative | Considered up to: Same as in 2011 Draft EIS
3 e Six 2D/3D seismic or
CSEM surveys in the Beaufort Sea and up to five
2D/3D seismic or CSEM surveys in the Chukchi Sea,
with up to one of that total number in each done in-ice
if necessary.
o Five site clearance and high resolution shallow
hazards survey programs in each sea per year
e One on-ice seismic survey in the Beaufort Sea per
year
e Two exploratory drilling programs in each sea per
year
Considered inclusion of required standard mitigation
measures and additional mitigation measures.
Alternative | Considered up to: This alternative differs from
4 Alternative 4 from the 2011

e Six 2D/3D seismic or
CSEM surveys in the Beaufort Sea and up to five
2D/3D seismic or CSEM surveys in the Chukchi Sea,
with up to one of that total number in each done in-ice
if necessary.

e Five site clearance and high resolution shallow

Draft EIS in the following
ways:

e Considers up to four
exploratory drilling
programs in each sea per
year
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hazards survey programs in each sea per year

o One on-ice seismic survey in the Beaufort Sea per
year

e Two exploratory drilling programs in each sea per
year

Considered inclusion of required standard mitigation
measures and additional mitigation measures.

Considered inclusion of required time/area closures for
specific areas important to biological productivity, life
history functions for specific species of concern, and
subsistence activities. Areas considered were:

e Camden Bay;

e Barrow Canyon and the Western Beaufort Sea;
e Shelf Break of the Beaufort Sea;

e Hanna Shoal; and

e Kasegaluk Lagoon/Ledyard Bay Critical Habitat Unit.

e |t does not consider
inclusion of any required
time/area closures.

Everything else about the
alternative remains the same.

Alternative | Considered up to: Alternative 5 in this EIS is
5 . N similar to Alternative 4 from
*  Six2D/3D seismic or . the 2011 Draft EIS with some
CSEM surveys in the Beaufort Sea and up to five slight changes:
2D/3D seismic or CSEM surveys in the Chukchi Sea, '
with up to one of that total number in each done in-ice | ¢ Increase in the maximum
if necessary. level of exploratory
. . . drilling programs from up
e e | 0 Woprseaperyart
y prog pery up to four per sea per
e One on-ice seismic survey in the Beaufort Sea per year
year o Inclusion of required
e Two exploratory drilling programs in each sea per time/area closures.
year However, there are
. . . . I changes. The following
9 ' closures considered in
Considered including specific additional measures that this EIS:
focus on the use of alternative technologies that have the :
: e . 0 Kaktovik
potential to augment or replace traditional airgun-based
seismic exploration activities. o Barrow Canyon and
the Western Beaufort
Sea
0 Shelf Break of the
Beaufort Sea
0 Hanna Shoal
0 Kasegaluk Lagoon
Effects of Oil and Gas Activities in the Arctic Ocean Supplemental Environmental Impact Statement ES-10
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0 Ledyard Bay

Alternative | There was no Alternative 6 in this version of the EIS. Alternative 6 in this EIS is

6 similar to Alternative 5 from
the 2011 Draft EIS. The only
change is the maximum
amount of exploratory
drilling activities that could
potentially occur under this
alternative increases from up
to two per sea per year to up
to four per sea per year.

2.1 Alternative 1 — No Action

NEPA’s implementing regulations require that the No Action Alternative be evaluated. Under the No
Action Alternative, NMFS would not issue any ITAs under the MMPA for seismic surveys or exploratory
drilling in the Beaufort and Chukchi seas, and BOEM would not issue G&G permits or authorize
ancillary activities in the Beaufort and Chukchi seas. If companies proceeded to operate in this area
without MMPA authorizations, any takes of marine mammals would occur in violation of the MMPA.

2.2 Alternative 2 — Authorization for Level 1 Exploration Activity

Alternative 2 is defined as the following:

2.2.1 Level of Activity

e Up to four 2D/3D seismic or CSEM surveys in the Beaufort Sea and up to three 2D/3D seismic
or CSEM surveys in the Chukchi Sea per year, with up to one of that total number of surveys in
each sea including ice breaking if necessary.

e Up to three site clearance and high resolution shallow hazards survey programs in the Beaufort
Sea and up to three site clearance and high resolution shallow hazards survey programs in the
Chukchi Sea per year.

e One on-ice seismic survey in the Beaufort Sea per year.
e One exploratory drilling program in the Beaufort Sea and one exploratory drilling program in the
Chukchi Sea per year.
2.2.2 Mitigation

¢ Including required Standard Mitigation Measures (described in Section 2.7) that are part of every
action alternative.

e Including a full analysis of a wide range of Additional Mitigation Measures (described in
Section 2.8) that could potentially be required through the MMPA process and could vary by
alternative (i.e. some might be different based on level and/or type of activity in a given year)

2.2.3 Assumptions

Seismic work in the Arctic has traditionally been conducted in ice-free months (July through November);
although this analysis addresses the possibility of one survey utilizing an icebreaker and potentially
continuing through mid-December. Seismic surveys are also conducted on-ice in areas where there is
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bottom fast ice in the winter. These surveys generally occur from January through May. Each survey
takes between 30 and 90 days, depending on ice conditions, weather, equipment operations, size of area to
be surveyed, timing of subsistence hunts, etc. Because of the limited time period of open water, it is
likely that concurrent surveys would be conducted in the same general time frame and may overlap in
time, but will not overlap in space (i.e. with a minimum separation distance of approximately 24 km [15
mi] between each independent survey operation) for reasons regarding data integrity. It is assumed for
analytical purposes that at least one of the authorized 2D/3D seismic surveys in the Beaufort Sea and one
in the Chukchi Sea would utilize an ice breaker.

Exploratory activities (including deep penetration seismic, site clearance and high resolution shallow
hazards, and exploratory drilling) in the next five years will be concentrated in areas of recently
purchased leases. This does not mean that there will not be exploratory activities in other areas of the
U.S. Arctic Ocean, especially if BOEM’s next Five Year Lease Plan schedule includes sales in the Arctic
OCS. Inthe U.S. Beaufort Sea, the two primary areas of interest for exploration are nearshore in Camden
Bay and Harrison Bay. In the U.S. Chukchi Sea, the areas of interest are all well offshore in the lease
areas, particularly around drill sites from the late 1980s, including Shell’s Burger, Crackerjack, and
Shoebill sites; ConocoPhillips’ Klondike site; and Statoil’s leases in the northeast part of the Lease Sale
193 area.

2.3 Alternative 3 — Authorization for Level 2 Exploration Activity

Alternative 3 is defined as the following:

2.3.1 Level of Activity

e Up to six 2D/3D seismic or CSEM surveys in the Beaufort Sea and up to five 2D/3D seismic or
CSEM surveys in the Chukchi Sea per year, with up to one of that total number of surveys in
each sea including ice breaking if necessary.

e Up to five site clearance and high resolution shallow hazards survey programs in the Beaufort Sea
and up to five site clearance and high resolution shallow hazards survey programs in the Chukchi
Sea per year.

e One on-ice seismic survey in the Beaufort Sea per year.
e Up to two exploratory drilling programs in the Beaufort Sea and up to two exploratory drilling
programs in the Chukchi Sea per year.
2.3.2 Mitigation

¢ Including required Standard Mitigation Measures (described in Section 2.7) that are part of every
action alternative.

e Including a full analysis of a wide range of Additional Mitigation Measures (described in
Section 2.8) that could potentially be required through the MMPA process and could vary by
alternative (i.e. some might be different based on level and/or type of activity in a given year).

Assumptions for the analysis of Alternative 3 would be the same as those listed for Alternative 2.

2.4  Alternative 4 — Authorization for Level 3 Exploration Activity

Alternative 4 is defined as the following:
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Level of Activity

Up to six 2D/3D seismic or CSEM surveys in the Beaufort Sea and up to five 2D/3D seismic or
CSEM surveys in the Chukchi Sea per year, with up to one of that total number of surveys in
each sea including ice breaking if necessary.

Up to five site clearance and high resolution shallow hazards survey programs in the Beaufort Sea
and up to five site clearance and high resolution shallow hazards survey programs in the Chukchi
Sea per year.

One on-ice seismic survey in the Beaufort Sea per year.

Up to four exploratory drilling programs in the Beaufort Sea and up to four exploratory drilling
programs in the Chukchi Sea per year.

Mitigation

Including required Standard Mitigation Measures (described in Section 2.7) that are part of every
action alternative.

Including a full analysis of a wide range of Additional Mitigation Measures (described in
Section 2.8) that could potentially be required through the MMPA process and could vary by
alternative (i.e. some might be different based on level and/or type of activity in a given year).

Assumptions for the analysis of Alternative 4 would be the same as those listed for Alternative 2.

2.5

Alternative 5 — Authorization for Level 3 Exploration Activity With
Additional Required Time/Area Closures

Alternative 5 is defined as the following:

2.4.1 Level of Activity

Same level of activity as Alternative 4.

2.4.2 Mitigation

Including required Standard Mitigation Measures (described in Section 2.7) that are part of every
action alternative.

Including required time/area closures for specific areas important to biological productivity, life
history functions for specific species of concern, and subsistence activities. Activities would not
be permitted to occur in any of the areas listed here during the specific time/area closure periods
identified. Additionally, buffer zones around these time/area closures could potentially be
included. Buffer zones would require that activities emitting pulsed sounds would need to
operate far enough away from these closure areas so that sounds at 160 dB re 1 pPa rms do not
propagate into the area or that activities emitting continuous sounds would need to operate far
enough away from these closure areas so that sounds at 120 dB re 1 pParms do not propagate
into the area.

0 Kaktovik and Cross Island — An area of importance for fall subsistence bowhead whale
hunting

»= Bowhead whale subsistence hunting: late August — mid-September
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= Except for emergencies or human/navigation safety, oil and gas exploration
operations shall not occur off Kaktovik or Cross Island or the designated buffer
zones from August 25 to the close of the fall bowhead whale hunt in Kaktovik
and on Cross Island.

Barrow Canyon, the Western Beaufort Sea, and the Shelf Break of the Beaufort Sea — An
area of high biological productivity; a feeding area for bowhead and beluga whales; fall
subsistence bowhead whale hunting area.

» Bowhead whales: September — October
= Beluga whales: mid-July — late September

= Except for emergencies or human/navigation safety, oil and gas exploration
operations shall not occur within the Barrow Canyon area or the designated
buffer zones from August 25 to the close of the fall bowhead whale hunt in
Barrow.

Hanna Shoal* — An area of high biological productivity (benthic organisms); a feeding
area for various marine mammals (walrus and bearded seals).

=  Walrus: July — August (USGS 2011)
= Bearded Seals: September — October (Clarke et al. 2011a)

= Except for emergencies or human/navigation safety, oil and gas exploration
operations shall not occur within the Hanna Shoal area or the designated buffer
zones from July 1 — August 30.

Kasegaluk Lagoon — An important habitat for beluga whales (feeding, molting, calving)
and spotted seals; subsistence beluga whale hunting area.

= Beluga whales: June — mid-July
= Subsistence (Kasegaluk Lagoon beluga whale hunting): mid-June — mid-July
= Spotted seals: August — October

= Except for emergencies or human/navigation safety, oil and gas exploration
operations shall not occur within Kasegaluk Lagoon or the designated buffer
zones from June 1 — July 15.

Ledyard Bay — An important habitat for spectacled eiders and the northern edge of
important habitat for gray whales

= Except for emergencies, human/navigation safety, or deployment of scientific
devices, oil and gas exploration operations shall not occur within the Ledyard
Bay Critical Habitat Unit or the designated buffer zones between July 1 and
November 15.

= To the maximum extent practicable, aircraft supporting seismic operations shall
avoid operating below 1,500 ft (457 m) over the Unit between July 1 and
November 15.

! Gray whales have been removed as a reason for designating Hanna Shoal as a time/area closure location. While
gray whales were consistently seen feeding in that area in September and October in the late 1980s and early 1990s
(Clarke and Moore 2002), gray whale sightings in Hanna Shoal have been very infrequent since aerial surveys
recommenced in 2008, and the area probably should not be considered a current gray whale feeding area (Clarke et

al. in prep.).
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e Including a full analysis of a wide range of Additional Mitigation Measures (described in
Section 2.8) that could potentially be required through the MMPA process and could vary by
alternative (i.e. some might be different based on level and/or type of activity in a given year).
The time/area closures that are described in this section that are optional for Alternatives 2, 3, 4
and 6 would not be optional but rather required under Alternative 5.

Assumptions for the analysis of Alternative 5 would be the same as those listed for Alternative 2.

2.6 Alternative 6 — Authorization for Level 3 Exploration Activity With Use
of Alternative Technologies

Alternative 6 is defined as the following:

2.6.1 Level of Activity

e Same level of activity as Alternative 4.

2.6.2 Mitigation

¢ Including required Standard Mitigation Measures (described in Section 2.7) that are part of every
action alternative.

e Including a full analysis of a wide range of Additional Mitigation Measures (described in
Section 2.8) that could potentially be required through the MMPA process and could vary by
alternative (i.e. some might be different based on level and/or type of activity in a given year),
potentially including new mitigations developed to apply to new technologies.

e Including specific additional measures that focus on the use of alternative technologies that have
the potential to augment or replace traditional airgun-based seismic exploration activities.

Assumptions for the analysis of Alternative 6 would be the same as those listed for Alternative 2.

2.7 Standard Required Mitigation Measures

The mitigation measures (and the identified mitigation monitoring needed to support them) listed below
will be included as a requirement under every ITA issued for the type of activity identified. Full
descriptions of these measures are contained in Appendix A.

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

2D/3D Seismic Surveys, Including In-ice Seismic; Site Clearance and High Resolution Shallow
Hazards Surveys

e Establishment and execution of 180 dB shutdown/power down radius for cetaceans and
190 dB shutdown/power down radius for ice seals, respectively.
Specified ramp-up procedures for airgun arrays.

o Protected Species Observers (PSOs; formerly referred to as Marine Mammal Observers
[MMOs]) required on all seismic source vessels and icebreakers, as well as on dedicated
monitoring vessels.

On-ice Seismic Surveys

o All activities must be conducted at least 152 m (500 ft) from any observed ringed seal lair.
o No energy source may be placed over a ringed seal lair.
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Exploratory Drilling Activities

e PSOs required on all drill ships and ice management vessels.

b) Non-detection-based measures intended to more broadly lessen the severity of acoustic impacts
on marine mammals or reduce overall numbers taken by acoustic source

This measure would be required for all activities that occur during the open-water season and in-ice
(i.e. 2D/3D seismic, including in-ice surveys, site clearance and high resolution shallow hazards
surveys, and exploratory drilling activities).

o Specified flight altitudes for all support aircraft except for take-off, landing, and emergency
situations.

¢) Measures intended to reduce/lessen non-acoustic impacts on marine mammals

These measures would be required for all activities that occur during the open-water season and in-
ice (i.e. 2D/3D seismic, including in-ice surveys, CSEM surveys, site clearance and high resolution
shallow hazards surveys, and exploratory drilling activities).

e Specified procedures for changing vessel speed and/or direction to avoid collisions with
marine mammals.

d) Measures intended to ensure no unmitigable adverse impact to subsistence uses

These measures would be required for all activities that occur during the open-water season and in-
ice (i.e. 2D/3D seismic, including in-ice surveys, CSEM surveys, site clearance and high resolution
shallow hazards surveys, and exploratory drilling activities).

e Shutdown of activities occurring in specific areas of the Beaufort Sea corresponding to the
start and conclusion of the fall bowhead whale hunts in Nuigsut (Cross Island) and Kaktovik
beginning on August 25.

e Establishment and utilization of Communication Centers in subsistence communities when
oil and gas exploration activities and marine mammal subsistence hunts will occur at the
same time to address potential interference with marine mammal hunts on a real-time basis
throughout the season.

e Required flight altitudes and paths for all support aircraft in areas where subsistence occurs,
except during take-off, landing, and emergency situations.

2.8 Additional Mitigation Measures

The mitigation measures (and mitigation monitoring needed to support them) listed below are evaluated
in Chapter 4, which could lead to some of these measures becoming Standard Mitigation Measures in the
Final EIS. In the future, these Additional Mitigation Measures will be evaluated in the context of each
specifically described activity to determine whether they should be required by NMFS in a specific ITA
or by BOEM in a specific G&G permit or ancillary activity notice approval to make the necessary
findings under the MMPA or the OCS Lands Act. In short, these measures may, or may not, be
incorporated in future permits and authorizations, depending on the specific activity and the analysis
conducted pursuant to the MMPA and the OCS Lands Act.
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a) Detection-based measures intended to reduce near-array acoustic exposures and impacts on

marine mammals within a given distance of the source

2D/3D Seismic and In-ice Surveys; Site Clearance and High Resolution Shallow Hazards Surveys;
Exploratory Drilling Activities

e Prior to conducting the authorized survey, the seismic array operator shall conduct sound
source verification tests for their airgun array configurations in the area in which the survey is
proposed to occur.

e All PSOs shall be provided with and use appropriate night-vision devices (e.g. Forward
Looking Infrared [FLIR] imaging devices, 360° thermal imaging devices), Big Eyes, and
reticulated and/or laser range finding binoculars in order to detect marine mammals within
the exclusion zones.

e Operators shall limit seismic airgun operations in situations of low visibility when the entire
safety radius cannot be observed (e.g., nighttime or bad weather).

e Seismic operators shall use passive (or active) acoustic monitoring systems, in addition to
visual monitoring, to detect marine mammals approaching or within the exclusion zone and
trigger the shutdown of airguns.

e Enhancement of monitoring protocols and mitigation shutdown zones to minimize impacts in
specific biologic situations (e.g. expansion of shutdown zone to 120 dB or 160 dB when
cow/calf groups and feeding or resting aggregations are detected, respectively).

b) Non-detection-based measures intended to more broadly lessen the severity of acoustic impacts

on marine mammals or reduce overall numbers taken by acoustic source

These measures would be required for all activities that occur during the open-water season and in-
ice (i.e. 2D/3D seismic, including in-ice surveys, site clearance and high resolution shallow hazards
surveys, and exploratory drilling activities).

e Temporal/spatial limitations to minimize impacts in particular important habitats, including
Kaktovik and Cross Island, Barrow Canyon/Western Beaufort Sea, Hanna Shoal, the shelf
break of the Beaufort Sea, Kasegaluk Lagoon, and Ledyard Bay Critical Habitat Unit.

o Restriction of number of surveys (of same level of detail) that can be conducted in the same
area in a given amount of time (i.e. to avoid needless collection of identical data).

2D/3D Seismic, including in-ice surveys ONLY

e Separate seismic surveys are prohibited from operating within 145 km (90 mi) of one another.

c) Measures intended to reduce/lessen non-acoustic impacts on marine mammals
These measures would be required for all activities that occur during the open-water season and in-
ice (i.e. 2D/3D seismic, including in-ice seismic, CSEM surveys, site clearance and high resolution
shallow hazards surveys, and exploratory drilling activities).
o Vessel and aircraft avoidance of concentrations of groups of ice seals by 0.8 km (0.5 mi).
e Specified shipping or transit routes to avoid important habitat in areas where marine
mammals may occur in high densities.
Exploratory Drilling Activities ONLY
e Requirements to ensure reduced, limited, or zero discharge of any or all of the specific
discharge streams identified with potential impacts to marine mammals or marine mammal
prey or habitat.
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Operators are required to recycle drilling muds.

On-ice Seismic Surveys

Use trained seal-lair sniffing dogs for areas with water deeper than 3 m (9.8 ft) depth contour
to locate seal structures under snow in the work area and camp site before initiation of
activities.

Use trained seal-lair sniffing dogs to survey the ice road and establish a route where no seal
structures are present.

d) Measures intended to ensure no unmitigable adverse impact to subsistence uses

These measures would be required for all activities that occur during the open-water season and in-

ice (i.e. 2D/3D seismic, including in-ice surveys, CSEM surveys, site clearance and high resolution

shallow hazards surveys, and exploratory drilling activities).

No transit of exploration vessels into the Chukchi Sea prior to July 15 or until the beluga hunt
is completed at Point Lay.

Vessels transiting east of Bullen Point to the Canadian border should remain at least 8 km
(5 mi) offshore during transit along the coast, provided ice and sea conditions allow.
Shutdown of exploration activities in the Beaufort Sea for the Nuigsut (Cross Island) and
Kaktovik bowhead whale hunts based on real-time reporting of whale presence and hunting
activity rather than a fixed date.

Shutdown of exploration activities in the Beaufort Sea for the Barrow bowhead whale hunts
from Pitt Point on the east side of Smith Bay to a location about half way between Barrow
and Peard Bay from September 15 to the close of the fall bowhead whale hunt in Barrow.
Shutdown of exploration activities in the Chukchi Sea for the Barrow (the area circumscribed
from the mouth of Tuapaktushak Creek due north to the coastal zone boundary, to Cape
Halkett due east to the coastal zone boundary) and Wainwright (the area circumscribed from
Point Franklin due south to the coastal zone boundary, to the Kuk River mouth due west to
the coastal zone boundary) bowhead whale hunts based on real-time reporting of whale
presence and hunting activity rather than a fixed date.

Shutdown of exploration activities in the Chukchi Sea for the Point Hope and Point Lay
bowhead whale hunts based on real-time reporting of whale presence and hunting activity
rather than a fixed date.

Transit restrictions into the Chukchi Sea modified to allow offshore travel under certain
conditions (e.g. 32 km [20 mi] from the coast) if beluga whale, fall bowhead whale (Barrow
and Wainwright), and other marine mammal hunts would not be affected.

Exploratory Drilling Activities ONLY

For exploratory drilling operations in the Beaufort Sea west of Cross Island, no drilling
equipment or related vessels used for at-sea oil and gas operations shall be moved onsite at
any location outside the barrier islands west of Cross Island until the close of the bowhead
whale hunt in Barrow.

3.0 AFFECTED ENVIRONMENT AND ENVIRONMENTAL
CONSEQUENCES

Chapter 3 of the EIS describes the current condition of the physical, biological, and social environment in
the EIS project area to serve as a baseline to compare the potential positive or negative impacts of the

alternatives.

Chapter 4 of the EIS analyzes the potential impacts of each alternative on physical,
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biological, and social resources. Impact levels were determined in consideration of the following four

criteria;

Intensity (Magnitude)

Low:
Medium:

High:

Duration

Temporary:

Interim:

Long-term:

Extent

Local:
Regional:

State-wide:

Context

Common:

Important:

Unique:

A change in a resource condition is perceptible, but it does not noticeably alter the
resource’s function in the ecosystem or cultural context.

A change in a resource condition is measurable or observable, and an alteration to
the resource’s function in the ecosystem or cultural context is detectable.

A change in a resource condition is measurable or observable, and an alteration to
the resource’s function in the ecosystem or cultural context is clearly and
consistently observable.

Impacts would be intermittent, infrequent, and typically last less than a month.

Impacts would be frequent or extend for longer time periods (an entire project
season).

Impacts would cause a permanent change in the resource that would perpetuate even
if the actions that caused the impacts were to cease.

Impacts would be limited geographically; impacts would not extend to a broad
region or a broad sector of the population.

Impacts would extend beyond a local area, potentially affecting resources or
populations throughout the EIS project area.

Impacts would potentially affect resources or populations beyond the region or EIS
project area.

The affected resource is considered usual or ordinary in the locality or region; it is
not depleted in the locality and is not protected by legislation. The portion of the
resource affected does not fill a distinctive ecosystem role within the locality or the
region.

The affected resource is protected by legislation (other than the ESA). The portion
of the resource affected fills a distinctive ecosystem role (such as an important
subsistence resource) within the locality or the region.

The affected resource is listed as threatened or endangered (or proposed for listing)
under the ESA or is depleted either within the locality or the region. The portion of
the resource affected fills a distinctive ecosystem role within the locality or the
region.

Separate impact criteria tables were developed and used to guide the analysis of impacts for each of the
resources discussed under the physical, biological, and social environments. The impact criteria tables
use terms and thresholds that are quantified for some components and qualitative for other components.
The terms used in the qualitative thresholds are relative, necessarily requiring the analyst to make a
judgment about where a particular effect falls in the continuum from “negligible” to “major”.
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Summary impact levels were then determined using the following guidance.

Negligible’:  Impacts are generally extremely low in intensity (often they cannot be measured or
observed), are temporary, localized, and do not affect unique resources.

Minor: Impacts tend to be low in intensity, of short duration, and limited extent, although
common resources may experience more intense, longer-term impacts.

Moderate: Impacts can be of any intensity or duration, although common resources may be
affected by higher intensity, longer-term, or broader extent impacts while important
and/or unique resources may be affected by medium or low intensity, shorter-
duration, local or regional impacts.

Major: Impacts are generally medium or high intensity, long-term or permanent in duration,
a regional or state-wide extent, and affect important or unique resources.

The following summary (Sections 3.1 to 3.3 of this Executive Summary) addresses only those resources
that may experience greater than minor impacts, were identified during scoping as being of concern, or
that highlight differences among the alternatives. Table ES-2 provides a summary of impacts to all
resources for Alternative 1 through Alternative 6.

Because most of the alternative technologies associated with Alternative 6 have not yet been built and/or
tested, it is difficult to fully analyze the level of impacts from them. The amount of traditional seismic
surveys (i.e. use of airgun arrays) that can be replaced or augmented by these technologies is unknown,
the level of impact reduction cannot be determined. This EIS examines a projected amount of use of
these technologies but the actual amount that might be used over the next several years is not fully known
at this time. Therefore, NMFS has determined that additional NEPA analyses would likely be required if
applications are received requesting use of these technologies.

% The term negligible in this EIS does not have the same meaning as in the MMPA. The term has different meanings
under the two statutes and is being used in two different contexts.
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3.5 Physical Environment

3.5.1 Air Quality

The EIS project area is in attainment (or unclassifiable) for all air quality criteria pollutants. The
maximum measured concentrations are all well below the National Ambient Air Quality Standards and
Alaska State Standards. These values are indicative of the relatively good air quality in the area, and
indicate that future development that would not necessarily jeopardize the region’s ability to meet the
federal and State of Alaska air quality standards.

Impacts

e All action alternatives would cause minor to moderate adverse impacts to air quality from air
pollutant emissions. The majority of emissions are from fuel combustion for vessel propulsion
and power generation. The expected emission levels would equal but not exceed air quality
regulatory limits.

e The increase in emissions from the additional activities under Alternatives 3, 4, and 5 would be
minimal so the impact remains moderate.

3.5.2 Acoustics

The existing airborne and underwater noise environment in the EIS project area is influenced by sounds
from natural and anthropogenic sources. The primary natural source of airborne noise on the offshore,
nearshore, and onshore regions is wind, although wildlife can produce considerable sound during specific
seasons in certain nearshore and onshore regions. Anthropogenic noise levels in the Beaufort Sea region
are higher than the Chukchi Sea due to the oil and gas developments of the nearshore and onshore regions
of the North Slope, particularly in the vicinity of Prudhoe Bay. Noise sources consist of regular air
traffic, vehicular traffic on the numerous roads within the development areas (such as around Deadhorse).
Noise is also produced by the operations of heavy construction and industrial equipment that service the
wells, processing facilities, pipelines, and camps. Industrial activities occur throughout the region on a
year-round basis.

Anthropogenic noise levels in the nearshore and onshore region will be higher in populated areas — the
coastal communities of Wainwright, Point Lay, Point Hope, Kivalina, and Barrow — with increasing noise
levels associated with the larger communities. Community noise consists of aircraft, vehicular traffic
(including all-terrain vehicles and snow machines), construction equipment, people talking/yelling, dogs
barking, power plants, skiffs used for hunting, generators, etc.

Underwater noise is comprised of natural and anthropogenic sources. It varies temporally (daily,
seasonally, annually) depending on weather conditions and the presence of anthropogenic and biological
sources. Natural sound sources in the Arctic Ocean include earthquakes, wind, ice, and sounds from
several animal species. Anthropogenic noise sources include vessel traffic, oil and gas exploration, and
other miscellaneous sources.

Impacts

e While high sound levels do not constitute an effect, the presence of high sound levels from
anthropogenic activity and consequent exposures of marine wildlife to these conditions could
potentially cause adverse effects. The impact criteria for acoustics are based on the existence of
sound levels that could cause effects.

e All action alternatives would cause moderate adverse impacts to acoustics because they produce
underwater sound levels that could exceed ambient noise levels or exceed disturbance and injury
thresholds.

Effects of Oil and Gas Activities in the Arctic Ocean Supplemental Draft Environmental Impact Statement ~ ES-25
Executive Summary



March 2013

e The increased activity under Alternatives 3, 4 5, and 6 would not raise the sound level above the
moderate impact level.

e The time/area closures under Alternative 5 do not reduce sound levels but they do reduce the
likelihood that exploration activities would occur when marine mammals would be present and
consequently reduce the chances of injurious exposures. Moderate adverse impacts remain, as
the exploration activities in non-closure areas/periods will introduce sources that produce
underwater sound levels that exceed disturbance and injury thresholds.

e Under Alternative 6, the use of alternative technologies that reduce sound levels from seismic
survey sources would not reduce the impact level which would be moderate. This is because it is
unlikely the technologies will entirely preclude the generation of sound levels exceeding the
injury and disturbance criteria.

3.6  Biological Environment

3.6.1 Marine Mammals

Bowhead and belugas whales are discussed below. The alternatives would be expected to have mostly
minor adverse impacts to other marine mammals (other cetaceans, ice seals, Pacific walrus, and polar
bear) which are not discussed here. Mechanisms for disturbance would be similar amongst all marine
mammal species. Please see Chapter 4 of the EIS for a complete discussion of impacts to these species.

Both bowhead and beluga whales could be present in the EIS project area throughout the spring, summer,
and fall. Both species use the area during migration and for feeding. Bowhead whales are known to
concentrate in the Barrow area for feeding during the spring and fall, and conduct migrations through the
Beaufort and Chukchi seas in both the spring and fall. Beluga whales are known to feed in Barrow
Canyon, the Shelf Break of the Beaufort Sea, and in Kasegaluk Lagoon.

The primary adverse impact on bowhead and beluga whales resulting from the action alternatives would
be from noise exposure. Noise can cause behavioral disturbance and auditory impairment. Disturbance
to feeding, resting, or migrating bowhead or beluga whales could cause whales to leave areas of
exploration activity and avoid them in the future, effectively reducing their available habitat. Ship strikes
and habitat degradation is also possible. Qil and gas exploration activities that may alter whale habitat
include: disturbance of sea ice from icebreaking, disturbance of benthic sediments during drilling,
contamination of the marine environment from discharge of drilling muds and other waste streams from
ships and support facilities.

Impacts

o All action alternatives would cause moderate adverse impacts to bowhead and beluga whales
from noise disturbance, risk of ship strikes, and habitat degradation.

e The increased activity under Alternative 4 could increase the impact level to major adverse for
bowhead whales.

e The time/area closures under Alternative 5 would reduce the potential disturbance to bowhead
and beluga whales in the closure areas during time periods specified. Exploration activities
could, however, occur during different time periods within these areas, leading to a short-term
reduction of effects. In addition, industry may relocate exploration activities to other, possibly
adjacent, areas until the closure areas are available. Exploration effort may not be reduced, but,
rather, redistributed and possibly concentrated in other areas. The time/area closures that mitigate
adverse impacts on concentrations of bowhead whales, mothers and calves, and important life
history functions, such as feeding, could reduce impacts to a lower intensity, shorter duration and
more localized areas than would result in the absence of closures. However, bowhead whale
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habitat use in the EIS project area is dynamic and, when migration corridors are considered
includes large portions of the Beaufort and Chukchi seas that are not included in the time/area
closures. Although the time/area closures could mitigate adverse impacts in particular times and
locations, the impact on bowhead whales and beluga whales of oil and gas exploration activities
allowed under Alternative 5 would be similar to Alternative 3 and would be considered moderate.

e The use of alternative technologies under Alternative 6 may reduce adverse impacts associated
with the use of airgun arrays, but the results are difficult to determine and the overall reduction
would likely be minimal. Airgun noise would not be eliminated, however, since these alternative
technologies would not completely replace the existing technology, and what may be replaced is
limited. In addition, surveys conducted with alternative technologies would still use marine
vessels to tow or deploy equipment which could disturb bowhead whales, beluga whales, and
other cetaceans. While alternative technologies could reduce the extent to localized areas on a
small scale; it is not currently possible to assess potential behavioral reactions and determine if
intensity level would change.

3.7 Social Environment

3.7.1 Socioeconomics

Exploration, development, production, and transportation of oil and gas are the major contributors to the
economy of Alaska and the NSB. Other sectors include government, transportation, and mining.

Impacts

e Alternative 1 (No Action) would cause minor adverse impacts from unrealized local employment
and tax revenue. The potential unrealized revenue for state and federal governments is unknown
since the likelihood of exploration resulting in production cannot be predicted.

o All five action alternatives would cause minor beneficial impacts from a temporary rise in
regional personal income and employment rates.

e Alternatives 3, 4, 5, and 6 would not cause an increase in the level of beneficial impact because
income and employment rates are not expected to rise more than five percent.

e The time/area closures under Alternative 5 could reduce total income and employment rates and
therefore the beneficial impact would be less than Alternative 4, but would still be minor.

e The alternative technologies requirement under Alternative 6 could cause additional costs from
lost productivity so the beneficial impact would be less than Alternative 4, but would still be
minor.

3.7.2 Subsistence

Subsistence resources in the EIS project area are harvested by the communities of Kaktovik, Nuigsut,
Barrow, Wainwright, Point Lay, Point Hope, Kivalina, and Kotzebue. Resources harvested include the
bowhead whale, beluga whale, seals (bearded, ribbon, ringed, and spotted), walrus, polar bear, fish,
migratory waterfow! (including their eggs), and caribou.

Oil and gas exploration activities could disturb and displace subsistence resources, causing them to move
away from coastal waters and become less readily available to subsistence hunters. Contamination of
subsistence resources through discharge of drilling muds and other waste streams from ships and support
facilities industrial pollution would be possible.
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Impacts

o All action alternatives except Alternatives 2 and 5 would have impacts to subsistence ranging
from negligible to moderate adverse depending on the species to be harvested.

e Alternative 5 could reduce adverse impacts in areas where the required time/area closures would
occur if they overlapped with subsistence hunting seasons.

e The adverse impact level under Alternative 6 would be reduced if the alternative technologies are
successful in reducing disturbance to marine mammals.

3.7.3 Land and Water Ownership, Use, and Management

The lands and waters within the EIS project area is owned and managed by many different entities
including: the federal government, state government, borough government, Alaska Native corporations,
and Alaska Native allottees. Land and water uses in the area include; recreation, subsistence, industrial,
residential, mining, protected natural areas, transportation, and commercial activities.

Oil and gas exploration activities could affect land and water ownership, use, or management by causing a
change in the ownership, use, or management of land or water in the EIS project area. These changes
could include; rezoning, increases in transportation activity, construction of infrastructure, and seismic
surveys in subsistence hunting areas.

Impacts

e The No Action alternative would have a major adverse impact on land and water use and
management because it would be a significant change from existing conditions. This alternative
would be contrary to current federal and state management of offshore waters. This alternative
would reduce activity levels and affect management plans and would fundamentally change
federal, state, and private development rights by preventing exploration for oil and gas resources.

e Impacts to land and water use would be moderate adverse for all four action alternatives due to
changes in use patterns.

e Impacts to land and water management would be as follows for the four action alternatives:
negligible for Alternative 2 as no changes are expected; minor adverse for Alternatives 3 and 4 as
the increased activity level may cause conflicts with management plans; minor adverse for
Alternative 5 because the time/area restrictions are a change in management; and minor adverse
for Alternative 6.

e Impacts to land and water ownership would be negligible for Alternatives 2, 3, 4, 5, and 6 as no
changes in ownership would occur.

3.7.4 Visual Resources

Visual resources within the EIS project area are dominated by characteristics of the Beaufort and Chukchi
seas. The visual characters of these water bodies undergo dramatic changes across seasons, due in large
part to the dynamic seasonal cycle of sea ice. During the fall, winter, and spring seasons, both the
Beaufort and Chukchi seas are covered by sea ice. The scenic quality of the EIS project area (separated
into the east/west portions of the Beaufort and Chukchi seas) was ranked using the following seven key
factors: landform, vegetation, water, color, adjacent scenery, scarcity, and cultural modification. All four
sections were ranked as having Class A scenery during summer months and Class B scenery during the
winter months.

Oil and gas exploration activities would impact visual resources by creating visual contrast that may
diminish the scenic quality of the area.
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Impacts

o All five action alternatives would have short-term, moderate adverse impacts on scenic quality
and visual resources.

e Alternatives 3 through 6 could have higher intensity impacts because of the greater number of
support vessels used in the two exploratory drilling programs if both programs are implemented
close to each other. However, impacts would not increase above the moderate level.

o Neither the implementation of time/area closures nor the use of alternative technologies would
affect visual resources.

3.8 Cumulative Impacts

Cumulative effects of development are a major concern of many stakeholders in the Chukchi and
Beaufort seas. The nature and level of activities in the Arctic have been increasing over time, particularly
in offshore areas. Changes in climate characteristics are also factors in potential cumulative effects. Past,
present, and reasonably foreseeable future actions and activities considered for the cumulative effects
analysis include: oil and gas exploration, development, and production activities; scientific research;
mining exploration, development, and production; military facilities and training exercises; increased air
and marine transportation; major community development projects; subsistence activities; recreation and
tourism; and climate change. Commercial whaling in the late 19th century is also a past adverse effect
specific to bowhead whales that still influences population levels because the population is still
recovering from depletion caused by commercial whaling.

Alternative 1 would have minor cumulative adverse impacts to socioeconomics, and major cumulative
adverse impacts to land and water ownership, use and management.

Any of the five action alternatives would have major adverse cumulative impacts on visual resources,
moderate to major adverse impacts on bowhead whales, and moderate adverse impacts on climate, air
quality, lower trophic levels, beluga whales, subsistence, and visual resources.

4.0 OIL SPILL ANALYSIS

While not considered part of any of the proposed alternatives, NMFS analyzed the potential
environmental effects of a low-probability, high impact event, a hypothetical very large oil spill (VLOS)
in the Chukchi and Beaufort seas. For the Chukchi Sea, the discussion relies heavily on the recent BOEM
Lease Sale 193 Revised Draft Supplemental EIS (BOEM 2011b) and other publicly available information.
For the Beaufort Sea, the discussion and analysis is incorporated from the recent BOEM 2012-2017 OCS
Oil and Gas Leasing Program Draft Programmatic EIS (BOEM 2011d).

In summary, a VLOS in either the Chukchi or Beaufort seas would have:

o Major adverse impacts to water quality; environmental contaminants and ecosystem functions;
marine and coastal birds; bowhead whales; beluga whales; other cetaceans; socioeconomics;
subsistence; land and water ownership, use, and management; recreation and tourism; and visual
resources.

e Moderate to major adverse impacts to acoustics, lower trophic levels, polar bears, public health,
transportation, and environmental justice.

e Moderate adverse impacts to physical oceanography and fish/essential fish habitat.

e Minor to moderate adverse impacts to climate, seals, walrus, terrestrial mammals, and cultural
resources.

e Minor adverse impacts to air quality.
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5.0 IMPLEMENTATION, MONITORING AND REPORTING, AND
ADAPTIVE MANAGEMENT

5.1 EIS Implementation and NEPA Compliance

The Final EIS will identify the Preferred Alternative. The Record of Decision (ROD) will provide a
listing of activities addressed by the Preferred Alternative and will identify any conditions of approval
that are relevant to industry authorization requests. The EIS and ROD together constitute a decision
document to be used for ongoing and future permitting activities addressed by this EIS. NMFS and
BOEM will use the EIS when issuing ITAs and G&G permits and ancillary activity notices for oil and gas
exploration activities. Because the EIS addresses general effects and is not specific to the request for an
ITA for a particular activity, additional NEPA review may be required for each application for
authorization. The form of the additional review will depend on the nature and scope of the proposed
activity. The review may take the form of:

Categorical Exclusion and/or a Memorandum to the File;
An Environmental Assessment (EA);

A Supplemental EIS; or

A new EIS.

BOEM intends to conduct site-specific NEPA analyses that either tier from the EIS or incorporate it by
reference. BOEM would also use the EIS to assist in carrying out other statutory responsibilities such as
working with NMFS and the U.S. Fish and Wildlife Service to ensure compliance with the Endangered
Species Act and Magnuson-Stevens Fishery Conservation and Management Act, and where needed could
modify permit conditions or lease operation to meet the requirements of any Endangered Species Act or
MMPA authorization.

5.2  Monitoring and Reporting

The MMPA mandates that an authorization issued for the incidental take of marine mammals include a
requirement that the taking be monitored and reported. The purposes, goals, and objectives of monitoring
and reporting under the MMPA are summarized below.

Monitoring measures should be designed to accomplish or contribute to one or more of the following
goals:

To increase the understanding of —

e The likely occurrence of marine mammal species in the vicinity of the action, i.e., presence,
abundance, distribution, and/or density of species.

e The nature, scope, or context of the likely exposure of marine mammal species to any of the
potential stressor(s) associated with the action (e.g. sound or visual stimuli), through a better
understanding of one or more of the following:

0 the action itself and its environment (e.g. sound source characterization, propagation, and
ambient noise levels);

o0 the affected species (e.g. life history or dive patterns);

0 the likely co-occurrence of marine mammal species with the action (in whole or part)
associated with specific adverse effects, and/or;

o0 the likely biological or behavioral context of exposure to the stressor for the marine
mammal (e.g. age class of exposed animals or known pupping, calving or feeding areas).

Effects of Oil and Gas Activities in the Arctic Ocean Supplemental Draft Environmental Impact Statement ~ ES-30
Executive Summary



March 2013

e How individual marine mammals respond (behaviorally or physiologically) to the specific
stressors associated with the action (in specific contexts, where possible, e.g., at what distance or
received level).

e How anticipated individual responses, to individual stressors or anticipated combinations of
stressors, may impact either: 1) the long-term fitness and survival of an individual; or 2) the
population, species, or stock (e.g. through effects on annual rates of recruitment or survival).

e How the activity affects marine mammal habitat, such as through effects on prey sources or
acoustic habitat (e.g., through characterization of longer-term contributions of multiple sound
sources to rising ambient noise levels and assessment of the potential chronic effects on marine
mammals).

e The impacts of the activity on marine mammals in combination with the impacts of other
anthropogenic activities or natural factors occurring in the region.

e The effectiveness of mitigation and monitoring measures.

e The manner in which the authorized entity complies with the incidental take authorization and
incidental take statement.

e An increase in the probability of detecting marine mammals (through improved technology or
methodology), both specifically within the safety zone (thus allowing for more effective
implementation of the mitigation) and in general, to better achieve the above goals.

Applicants should target questions that have been identified as priorities (i.e. to fill data gaps). Proposed
monitoring plans are evaluated using the above guidance, considering the likelihood of effectively
answering the questions. Regulations prescribe that monitoring plans undergo an independent peer
review where the proposed activity may affect the availability of marine mammals for taking for
subsistence uses.

5.2.1 Monitoring Plan Peer Review

The MMPA requires that monitoring plans be independently peer reviewed “where the proposed activity
may affect the availability of a species or stock for taking for subsistence uses.” NMFS’s regulations
written to implement this requirement state, “Upon receipt of a complete monitoring plan, and at its
discretion, [NMFS] will either submit the plan to members of a peer review panel for review or within 60
days of receipt of the proposed monitoring plan, schedule a workshop to review the plan.” Although the
MMPA only includes this requirement for IHAs, in its implementing regulations, NMFS extended this
requirement to include LOAs as well.

In the 1980s and 1990s, NMFS convened a meeting each year between the applicable Federal agencies,
ITA applicants for the upcoming open-water season, industry and agency scientists, and Native Alaskan
subsistence hunters to discuss best ways to monitor the effects of the upcoming programs on marine
mammals. These meetings would typically last a few days where there would be a robust discussion
between all parties involved. ITA applicants would then adjust their monitoring programs based on the
discussions. At that time, these meetings served to meet the requirement for an independent peer review
via the workshop option described in the regulations.

In the late 1990s and early 2000s, these meetings were not held because there was very little activity
during the open-water season in the U.S. Arctic Ocean. NMFS began to reconvene the meetings in 2006
when the level of activities for the open-water season began to increase. These annual meetings came to
be known as the Arctic Open-Water Meeting. However, while these meetings were initially small
gatherings of 15 to 30 people in the 1980s and early 1990s, from 2006 through 2013 the meetings drew
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approximately 150 to 250 participants each day, thus making it difficult to include the focused and
detailed reviews of the applicants” monitoring plans.

In order to ensure the focused independent peer review of the monitoring plans prescribed by the
regulations, in 2010, NMFS divided the annual meeting into two separate parts, one larger and more open
to stakeholder input, and one smaller meeting where a group of scientists specifically gathers to review
the monitoring reports. In 2010, 2011, 2012, and 2013, after soliciting nominations from the industry
ITA applicants, the Marine Mammal Commission, and the affected subsistence communities and
representative organizations, NMFS convened panels of approximately five to seven scientists to provide
an independent scientific review of the plans. During these reviews, NMFS charged the panel members
with determining whether or not the monitoring plans, as put forth by the applicants, would accomplish
the goals described earlier in this Executive Summary. After the meetings, the panel members provided a
final report to NMFS with their recommendations. NMFS reviewed the peer review panel report in the
context of the applicants’ activities and the requirements of the MMPA and selects those that were
appropriate for potential inclusion in the applicant’s final monitoring plans. NMFS then works with the
applicants regarding the practicability of including these measures and protocols, and then includes the
selected measures as requirements in the issued authorizations.

This process is still developing, and some strengths and weaknesses have been identified. Utilizing a
smaller group chosen from nominated scientists, with affected subsistence hunters available to share
information and respond to questions, allows for a true scientific and independent review of the
monitoring plans. The peer review panel report (which was not provided prior to 2010) provides NMFS
with concrete recommendations that can be shared with the applicants and allows NMFS and the
applicants to identify ways to improve the plans for current and future actions. However, panel members
have suggested that the time allotted for interaction with the applicants in 2010 and 2011 was too short, so
NMFS added additional time for interaction at the 2012 peer review panel meeting. Therefore, NMFS
will strive to provide additional time for interaction where feasible. Also, at the request of the applicants,
beginning in 2012, questions were provided to them in advance so that they could be prepared to discuss
specific issues identified by the panel members. Generally, both scientist reviewers and applicants have
indicated that this more focused method for peer review of the monitoring plans is more effective than the
larger meeting format used in 2006 through 2009. However, it is an iterative process, and NMFS intends
to continue modifying the methods as necessary to most effectively solicit input.

5.2.2 Potential Improvements for Monitoring and Reporting Plans

Recommendations from improvements to monitoring plans have been made to NMFS at the Arctic Open-
Water Meetings, through public comments on NEPA and MMPA documents, and at Plan of Cooperation
(POC) meetings. The new peer review format that has been developed includes:

o focused prioritization of needs, and
e guidance to applicants before they develop their initial applications.

In 2010 and 2011, the independent peer reviewers included recommendations in their reports (related to
both the goals of monitoring, in addition to methodology) that could be more broadly applied to multiple
applicants. This type of comprehensive consideration of multiple monitoring activities across multiple
years is what was identified as a mechanism to accomplish combined monitoring in the U.S. Arctic.

NMFS is considering several methods to more comprehensively prioritize and plan ITA monitoring:

o Developing and maintaining (on the NMFS website) a list of monitoring priorities and data gaps
for Arctic oil and gas development projects;

e Soliciting input for this list from Open-Water Meetings, peer review panels, public comment
periods, or, potentially, a longer term panel convened specifically to develop these priorities;
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e Including specific recommendations for discrete monitoring projects (with suggested
methodologies) that could be adopted by new applicants; and

e Considering and describing how to best build on existing monitoring results and best integrate
data collection, analysis, and reporting with simultaneous monitoring efforts.

NMFS intends to explore the possibility of using the existing public input tools to develop an iterative and
systematic annual means of identifying and prioritizing the monitoring goals for Arctic oil and gas
exploration activities. These priorities could be available to potential applicants on the NMFS website
along with specific methodology recommendations summarized from previous peer review
recommendations to provide direction and guidance to applicants and allow for the most effective use of
resources to answer the most pressing questions related to the effects of oil and gas exploration on marine
mammals.

5.2.3 BOEM'’s Environmental Studies Program

The OCS Lands Act authorizes an Environmental Studies Program (ESP) to establish the information
needed for assessment and management of environmental impacts on the human, marine, and coastal
environments of the OCS. The Alaska Studies Plan complements and reinforces the goals of the ESP.
The ESP is guided by several broad themes:

Monitoring Marine Environments;

Conducting Oil-Spill Fate and Effects Research;

Minimizing Seismic and Acoustic Impacts;

Understanding Social and Economic Impacts; and
Maintaining Efficient and Effective Information Management;

The Alaska OCS Region continually proposes new studies and pursues information needs in conjunction
with ESP goals in order to answer the following fundamental questions:

e What is the expected change in the human, marine, and coastal environment due to offshore
activity?
e Can undesirable change be minimized by mitigation measures?

Currently, the Alaska ESP is primarily focused on upcoming developments, exploration activities, and
existing and potential future lease sales in the Beaufort Sea and Chukchi Sea Planning Areas. The Alaska
ESP maintains a long list of ongoing and proposed studies in both seas.

5.3 Tools for Mitigating Impacts on Subsistence

Several processes and programs have evolved to facilitate interaction between the industry and the
affected local communities to ensure that the Arctic subsistence culture can continue to thrive in
conjunction with oil and gas exploration. Some of these processes are Federally-mandated while others
have been voluntary between the industry and local communities. This section discusses three of these
tools:

(1) Plans of Cooperation (POC), which are required by NMFS’ implementing regulations;

(2) Open Water Season Conflict Avoidance Agreements (CAA), which are voluntary and not
required by any statute or regulation; and

(3) The annual Arctic Open-Water Meeting.

For the purposes of protecting the subsistence uses of marine mammals, the MMPA implementing
regulations require that for an activity that will take place near a traditional Arctic hunting ground, or may
affect the availability of marine mammals for subsistence uses — an applicant for MMPA authorization

Effects of Oil and Gas Activities in the Arctic Ocean Supplemental Draft Environmental Impact Statement ~ ES-33
Executive Summary



March 2013

must either submit a POC or information that identifies the measures that have been taken to minimize
adverse impacts on subsistence uses. The regulations provide further guidance by describing that a POC
must include the following:

e a statement that the applicant has notified the affected subsistence community and provided them
a draft POC;

e aschedule for meeting with the communities to discuss proposed activities and resolve potential
conflicts regarding any aspects of the operation or POC;

e adescription of measures the applicant has taken or would take to ensure that proposed activities
would not interfere with subsistence hunting; and

e what plans the applicant has to continue to meet with the communities, prior to and during the
activity, to resolve conflicts and notify the community of any changes in the activity.

5.3.1 Conflict Avoidance Agreement and Plan of Cooperation

Subsistence communities and the oil and gas industry have worked together to develop documents called
Conflict Avoidance Agreements (CAA), which were intended to ensure that there would be “no
unmitigable impacts to subsistence uses of marine mammals” resulting from industry activities and
generally included (among many other measures) the components identified in the requirements for the
POC. The CAA was a binding legal agreement signed by individual companies and the Alaska Eskimo
Whaling Commission (AEWC) that put agreed-upon measures in place that would purportedly allow the
industry to conduct the indicated activity while ensuring there were no conflicts with the subsistence hunt
that would result in unmitigable adverse impacts.

For many years, NMFS generally found, after conducting an independent analysis, that if a company and
the AEWC signed a CAA, then it was possible for a company to conduct their activity without having an
unmitigable adverse impact on the subsistence hunt. However, in more recent years, some companies
have become reluctant to sign a CAA with the AEWC. Additionally, stakeholders have raised the issue
that a CAA developed by the AEWC does not represent the interests of subsistence hunts of species other
than bowhead whales. As companies and the public began to voice these concerns, it became apparent
that companies may not agree upon terms or sign CAAs, and NMFS would need to conduct a more
rigorous and comprehensive independent analysis of the likely subsistence impacts and to specifically
review the contents of each company’s POC (since there might no longer be a CAA).

POCs are required by NMFS’ implementing regulations, and CAAs are not. However, input from the
impacted subsistence communities indicates that they have found that the CAA process, through its
highly interactive and legally binding aspects, has effectively resulted in the development and
implementation of measures that will ensure no unmitigable adverse impact. Alternatively, subsistence
communities have found that the POC process has not been effective because it has been implemented in
a one-way fashion (i.e. the company develops a POC without meaningful input from the subsistence
communities) that has not included measures adequate to ensure no unmitigable adverse impact on
subsistence uses.

Because the current process requires both negotiating CAAs (regardless of whether they are ultimately
signed by either party) and developing POCs, NMFS plans to explore methods of clarifying the POC
requirements of the MMPA. With input from both subsistence communities and the applicants for
MMPA authorizations, NMFS plans to incorporate the effective pieces of the CAA negotiations into the
POC while ensuring compliance with the MMPA.

NMFS foresees developing this more effective process to ensure no unmitigable adverse impact as an
iterative process that would be addressed specifically at future annual Arctic Open-Water Meetings, as
well as independently with NMFS, the industry, and the affected subsistence communities. NMFS further
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foresees more direct involvement in this process than has occurred in the past, and more transparency
regarding what measures are necessary to protect the subsistence hunts of all species under NMFS’
jurisdiction.

5.3.2 Arctic Open-Water Meeting

The Arctic Open-Water Meeting is the stakeholder meeting that is conducted to ensure NMFS’
understanding of the effects of industry activity on the subsistence uses of marine mammals, with input
from the subsistence users. The Arctic Open-Water Meeting has typically attracted members of industry,
Federal, state, and local government officials and scientists, Native Alaskan marine mammal
commissions, affected Native Alaskan hunters and community members, environmental non-
governmental organizations, and other interested members of the public. Typically, the industry presents
the results of their marine mammal monitoring programs from the previous year and activities proposed
for the upcoming season along with the associated monitoring plans. Alaska Native subsistence group
representatives (e.g. whaling captains and AEWC members.) present information related to impacts that
industry activities may have had (either in the past year or historically) on their ability to effectively hunt
a given species. There have also been presentations regarding ongoing western and traditional science
programs conducted in the region.

The Artic Open-Water Meeting is not specifically required by statute or regulation. However, NMFS has
continued to organize this annual meeting because of the importance of stakeholder input and interaction
in NMFS’ determination of whether a specific activity will likely have an unmitigable adverse impact on
subsistence uses. The meeting allows the public to provide input on industry proposals while the federal
agencies that are responsible for authorizing the activity itself and the incidental take of marine mammals
can listen to those comments and participate in the interaction. There is a separate monitoring plan peer
review session that is required to be held.

54 Adaptive Management

NMFS and BOEM historically used, and will likely use in the future, adaptive management principles in
the issuance of permits and authorizations and any adaptive adjustments of mitigation and monitoring.
The intent of adaptive management here is to ensure:

(1) The minimization of adverse impacts to marine mammals, subsistence uses of marine mammals,
endangered species, and other protected resources, within the context of the associated
regulations and statutes;

(2) The maximization of value of the information gathered via required monitoring, and;
(3) Industry compliance with environmental protection statutes and regulations.

Following are some of the specific sources of information upon which adaptive management decisions
could be based:

(1) Results of monitoring required pursuant to MMPA ITAs or other Federal statutes for Arctic oil
and gas development activities;

(2) Stakeholder input during the annual Arctic Open-Water Meetings;
(3) Scientific input from the independent peer review;

(4) Public input during comment periods on MMPA authorizations;
(5) Results from BOEM’s Environmental Studies Program;

(6) Results from general marine mammal and sound research;
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(7) Results from the efforts of the NOAA Working Groups working on Underwater Soundmapping
and Cetacean Mapping in the Arctic and elsewhere;

(8) Results of the BP Cumulative Impact modeling of multiple sound sources in the Beaufort Sea;
and

(9) Any information that reveals that marine mammals may have been taken in a manner, extent, or
number not authorized.
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1.0 PURPOSE AND NEED

This chapter establishes the purpose and need for the Effects of Oil and Gas Activities in the Arctic Ocean
Environmental Impact Statement (EIS). It also contains background information on previous planning
processes related to this EIS. The information contained in the following sections is intended to provide
an analysis of management alternatives and help set the stage for informed decision-making for future
management actions. The overall organization of the document is outlined in Section 1.9.

1.1 Background

Pursuant to the National Environmental Policy Act (NEPA), the U.S. Department of Commerce (DOC),
National Oceanic and Atmospheric Administration (NOAA), National Marine Fisheries Service (NMFS)
and the U.S. Department of the Interior (USDOI), Bureau of Ocean Energy Management (BOEM) have
prepared an EIS to describe and analyze the potential impacts to the human environment related to oil and
gas industry offshore exploration activities (e.g. seismic surveys and exploratory drilling activities) in the
U.S. Beaufort and Chukchi seas, Alaska.

Department of the Interior — Agency Reorganization

Pursuant to DOI Secretarial Order No. 3299 (May 19, 2010), the Minerals Management Service
(MMS) began a reorganization process toward establishing three separate and independent
management structures to carry out the functions once performed by MMS. To facilitate this
reorganization, on June 18, 2010, MMS was given the interim name, Bureau of Ocean Energy
Management, Regulation and Enforcement (BOEMRE). On October 1, 2010, the revenue
collection arm of BOEMRE became the Office of Natural Resources Revenue (ONRR), and one
year later, on October 1, 2011, BOEMRE completed the final step in its reorganization by
establishing the Bureau of Ocean Energy Management (BOEM) and the Bureau of Safety and
Environmental Enforcement (BSEE).BOEM is now the cooperating agency for this EIS, and
designations for MMS, BOEMRE, and BOEM are used interchangeably below, but in accordance

with the historical context

On April 6, 2007, NMFS and MMS published a Notice of Availability (NOA) for a Draft Programmatic
Environmental Impact Statement (DPEIS) (72 Federal Register [FR] 17117). The DPEIS assessed the
impacts of MMS’ issuance of permits and authorizations under the Outer Continental Shelf Lands Act
(OCS Lands Act) for seismic surveys in the U.S. Beaufort and Chukchi seas off the coast of Alaska, and
NMFS’ issuance of incidental take authorizations (ITAs) under Section 101(a)(5) of the Marine Mammal
Protection Act (MMPA) to take marine mammals incidental to conducting those permitted activities.

The scope and effects of the seismic survey activities analyzed in the DPEIS were based on the best
available information at the time. However, since 2007, new information that alters the scope, set of
alternatives, and analyses in the DPEIS has become available (e.g. scientific study results, changes in
projections of level and types of offshore exploration activities). In addition, NMFS determined that an
EIS should also address the potential effects of exploratory drilling, which was not addressed in the 2007
DPEIS. Therefore, NMFS and MMS filed a Notice of Withdrawal of the DPEIS on October 28, 2009,
(74 FR 55539) and announced their decision to prepare a new EIS, the Effects of Oil and Gas Activities in
the Arctic Ocean. A Notice of Intent (NOI) to prepare the new EIS was announced in the Federal
Register on February 8, 2010 (75 FR 6175). The purpose of the NOI was to announce the preparation of
a new EIS that would analyze the potential effects of both geophysical surveys and exploratory drilling,
address cumulative effects over a longer time frame, consider a range of reasonable alternatives consistent
with the agencies’ statutory mandates, and analyze the range of practicable mitigation and monitoring
measures for protecting marine mammals and their availability for subsistence uses. The NOI asked for
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public comments and stated that MMS (now BOEM) would be a cooperating agency on this EIS. The
North Slope Borough (a local governmental entity of the State of Alaska) is also a cooperating agency on
the EIS. NMFS invited the U.S. Environmental Protection Agency (EPA) to be a cooperating agency, but
the EPA chose to participate as a “consulting” agency on this EIS and has provided input into sections
where the EPA has subject matter expertise. NMFS also coordinated with the Alaska Eskimo Whaling
Commission (AEWC) pursuant to our co-management agreement under the MMPA on the preparation of
this EIS. NMFS invited the U.S. Fish and Wildlife Service (USFWS) to join the effort as a cooperating
agency, but they declined the request.

On December 30, 2011, NMFS published an NOA for the Effects of Qil and Gas Activities in the Arctic
Ocean Draft Environmental Impact Statement in the Federal Register (76 FR 82275). The public was
afforded 60 days to comment on that document. Consistent with comments on the Draft EIS, NMFS and
BOEM determined that the Final EIS would benefit from the inclusion of additional alternatives for
analysis that cover a broader range of potential levels of exploratory drilling, including scenarios in the
Beaufort and Chukchi seas that are more reflective of the levels of activity that oil and gas companies
have indicated may be pursued in the region within the coming years. The alternatives are based upon the
agencies’ analysis of additional information, including the comments and information submitted by
stakeholders during the Draft EIS public comment period. For this reason, the agencies determined it
appropriate to prepare this Supplemental Draft EIS and allow for an additional public comment period
before releasing the Final EIS and Record of Decision (ROD). Table 1.1 identifies the differences in the
alternatives between the December 2011 Draft EIS and this document. In addition to the range of
alternatives, public comments and information have informed changes and additions to other components
of the document, including descriptions of the affected environment, analysis of direct, indirect, and
cumulative impacts, and analysis of potential mitigation measures. While NMFS has made several
changes to the document based on public comments received on the 2011 Draft EIS, an appendix
addressing responses to all public comments on both the 2011 Draft EIS and this Supplemental Draft EIS
will appear in the Final EIS. On January 30, 2013, NMFS published an NOI informing the public of its
determination to prepare a Supplemental Draft EIS in the Federal Register (78 FR 6303).
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Table 1.1 Differences in the Alternatives between the December 2011 Draft EIS and this
Supplemental Draft EIS

Alternative

2011 Draft EIS

2013 Supplemental Draft EIS

Alternative 1 (No
Action)

NMFS would not issue ITAs under the
MMPA, and BOEM would not issue
permits and notices under the OCS
Lands Act.

Same as in 2011 Draft EIS

Alternative 2

Considered up to:

e Four 2D/3D seismic or
CSEM surveys in the Beaufort Sea
and up to three 2D/3D seismic or
CSEM surveys in the Chukchi Sea,
with up to one of that total number
in each done in-ice if necessary.

e Three site clearance and high
resolution shallow hazards survey
programs in each sea per year

e One on-ice seismic survey in the
Beaufort Sea per year

e One exploratory drilling program in
each sea per year

Same as in 2011 Draft EIS

Considered inclusion of required
standard  mitigation measures and
additional mitigation measures.
Alternative 3 Considered up to: Same as in 2011 Draft EIS
o Six 2D/3D seismic or

CSEM surveys in the Beaufort Sea
and up to five 2D/3D seismic or
CSEM surveys in the Chukchi Sea,
with up to one of that total number
in each done in-ice if necessary.

o Five site clearance and high
resolution shallow hazards survey
programs in each sea per year

e One on-ice seismic survey in the
Beaufort Sea per year

e Two exploratory drilling programs
in each sea per year

Considered inclusion of  required
standard mitigation measures and
additional mitigation measures.
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Alternative 4

Considered up to:

o Six 2D/3D seismic or
CSEM surveys in the Beaufort Sea
and up to five 2D/3D seismic or
CSEM surveys in the Chukchi Sea,
with up to one of that total number
in each done in-ice if necessary.

e Five site clearance and high
resolution shallow hazards survey
programs in each sea per year

e One on-ice seismic survey in the
Beaufort Sea per year

e Two exploratory drilling programs
in each sea per year

Considered inclusion of required
standard mitigation measures and
additional mitigation measures.

Considered inclusion of  required
time/area closures for specific areas
important to biological productivity, life
history functions for specific species of
concern, and subsistence activities.
Areas considered were:

e Camden Bay;

e Barrow Canyon and the Western
Beaufort Sea;

e Shelf Break of the Beaufort Sea;
e Hanna Shoal; and

o Kasegaluk Lagoon/Ledyard Bay
Critical Habitat Unit.

This alternative differs from Alternative
4 from the 2011 Draft EIS in the
following ways:

e Considers up to four exploratory
drilling programs in each sea per
year

e |t does not consider inclusion of any
required time/area closures.

Everything else about the alternative
remains the same.

Alternative 5

Considered up to:

o Six 2D/3D seismic or
CSEM surveys in the Beaufort Sea
and up to five 2D/3D seismic or
CSEM surveys in the Chukchi Sea,
with up to one of that total number
in each done in-ice if necessary.

Alternative 5 in this EIS is similar to
Alternative 4 from the 2011 Draft EIS
with some slight changes:

e Increase in the maximum level of
exploratory drilling programs from
up to two per sea per year to up to
four per sea per year

e Five site clearance and high | e Inclusion of required time/area
resolution shallow hazards survey closures. However, there are
programs in each sea per year changes. The following are the

e One on-ice seismic survey in the reqm_red . t|r_ne/area closures

considered in this EIS:
Beaufort Sea per year
Effects of Oil and Gas Activities in the Arctic Ocean Supplemental Draft Environmental Impact Statement 1-4
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e Two exploratory drilling programs o Kaktovik and Cross Island
In each sea per year o Barrow Canyon and the Western
Considered inclusion of  required Beaufort Sea
stan_d_ard mitigation  measures and 0 Shelf Break of the Beaufort Sea
additional mitigation measures.
. . . - . 0 Hanna Shoal
Considered including specific additional
measures that focus on the use of o Kasegaluk Lagoon
alterngtlve technologies that have the o Ledyard Bay
potential to augment or replace
traditional airgun-based seismic
exploration activities.
Alternative 6 There was no Alternative 6 in this | Alternative 6 in this EIS is similar to
version of the EIS. Alternative 5 from the 2011 Draft EIS.

The only change is the maximum
amount of exploratory drilling activities
that could potentially occur under this
alternative increases from up to two per
sea per year to up to four per sea per
year.

This EIS will evaluate the potential effects to the environment from geological and geophysical
exploration activities in the U.S. Beaufort and Chukchi seas, Alaska, including: 1) deep penetration and
high-resolution seismic surveys as permitted under 30 Code of Federal Regulations (CFR) Part 551
regulations; and 2)exploratory drilling, deep penetration surveys, and high-resolution site
clearance/shallow hazards surveys as authorized under 30 CFR Part 550 regulations. Geological and
Geophysical (G&G) permitted operations are conducted primarily off lease or on another lease holder’s
area, by the lessee or a third party under 30 CFR Part 551. Ancillary activities are conducted on-lease
under 30 CFR Part 550. BSEE also permits and regulates the exploratory drilling activities under 30 CFR
Part 250 regulations. Deep penetration and high resolution seismic surveys can be performed as either
G&G permitted or ancillary activities. This EIS will also evaluate the potential effects to the environment
of authorizing takes of marine mammals incidental to such activities occurring in either federal or State of
Alaska waters. Activities that could occur in state waters include on-ice and open water seismic surveys,
high-resolution site clearance/shallow hazards surveys, geotechnical studies, ice gouge surveys, strudel
scour surveys, environmental studies, and exploratory drilling.

For clarity, the oil and gas exploration activities that will be assessed and evaluated throughout the EIS
for potential environmental impacts are categorized as:

o Deep penetration geophysical surveys (e.g. seismic surveys, including open-water, towed
streamer 2-dimensional [2D] or 3-dimensional [3D] surveys, in-ice towed streamer 2D or 3D
surveys, on-ice 2D or 3D surveys or Ocean-Bottom-Receiver [cable or node; OBC] surveys;
gravity and gradiometry surveys; and controlled source electromagnetic surveys [CSEM]). These
surveys are conducted to identify prospective blocks for bidding in lease sales and to optimize
drilling sites on leases acquired in sales. On average, data from deep penetration geophysical
surveys provide imagery to a depth of approximately 10,000 meters (m) (6.2 miles [mi]) below
the seafloor. However, penetration may be deeper or shallower depending on the equipment used
and the depth to the geologic formations to be imaged. Companies can submit requests to
conduct these types of deep penetration surveys to BOEM for approval under the regulations
found at 30 CFR Parts 550 and 551.
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o Shallow hazards surveys (also called high-resolution or site clearance surveys) and geological
studies are considered ancillary activities when conducted on-lease under the 30 CFR Part 550
regulations. These surveys are used to examine the area of potential drill sites for geologic
hazards, man-made hazards, prehistoric and historic archaeological resources, and biological
populations. These types of activities either use acoustic sources to provide imagery of the sub-
seafloor to a depth of less than 1,500 m (0.9 mi) or sediment sampling devices. A suite of
instruments could be used depending upon the information needed. Standard equipment for
shallow hazards surveys includes: single beam and multibeam echosounders; side scan sonar;
magnetometer; subbottom profiler; and other seismic sources. Sediment sampling devices
include grab samplers and coring equipment, and may result in bottom disturbance from
associated activities, such as anchoring. Shallow hazards activities can also be authorized under
BOEM regulations found at 30 CFR Part 551.

e Exploratory drilling. Any drilling conducted by a lessee for the purpose of searching for
commercial quantities of oil, gas, and sulfur is authorized under 30 CFR Parts 250 and 550,
regulated by BSEE and BOEM, respectively.

The specific equipment used will determine the sound levels and frequencies associated with each
activity. Information on various sound sources and characteristics of sounds related to the activities listed
above are governed by the specific equipment being used. This information is provided in Chapter 2,
Sections 2.3.2 and 2.3.3, and Appendix B.

The environmental effects associated with deep penetration geophysical surveys, shallow hazards
surveys, and exploratory drilling activities, as well as current and proposed mitigation measures, are
evaluated in this EIS. This will allow NMFS to comprehensively assess activities that may occur in a
given season in advance of receiving applications to authorize incidental takes of marine mammals
associated with deep penetration geophysical surveys, shallow hazards surveys, and exploratory drilling
activities. The analyses aid BOEM and BSEE in the environmental review required before issuing
permits or authorizations. This analysis evaluates the direct, indirect and cumulative impacts that could
occur under each of the proposed alternatives, and decisions will be based on the best available science
regarding all of the resources potentially impacted. Moreover, the EIS will include an analysis of
potential mitigation and monitoring measures that could be included in future authorizations to allow the
issuance of multiple MMPA ITAs during a given season.

The EIS will assist NMFS and BOEM in carrying out other statutory responsibilities and serve to support
future decisions relating to the agencies’ roles in authorizing or permitting deep penetration geophysical
surveys, shallow hazards surveys, and exploratory drilling activities or incidental take of marine
mammals. Other statutory responsibilities include assessing environmental impacts on listed species
under the Endangered Species Act [Section 7 consultation] and effects of the proposed action on essential
fish habitat [EFH] under the Magnuson-Stevens Fishery Conservation and Management Act. BOEM will
coordinate closely with NMFS and the USFWS to ensure compliance with these statutes and, where
needed, will modify permit conditions or OCS operations to meet the requirements of Endangered
Species Act (ESA) or MMPA authorizations. BOEM will also coordinate with BSEE to ensure
compliance with OCS authorizations.

NMFS’ issuance of ITAs for the take of marine mammals is a federal action for which environmental
review is required under the Council on Environmental Quality (CEQ) regulations. While NEPA does not
dictate a substantive outcome for an MMPA ITA, it requires consideration of environmental issues in
federal agency planning and decision making and requires an analysis of alternatives and direct, indirect,
and cumulative environmental effects of the NMFS action to authorize take under the MMPA. It also
calls for the identification and consideration of reasonable mitigation measures to avoid, minimize, off-set
or compensate for potential adverse effects. The EIS will assist NMFS in performing NEPA evaluations
for MMPA ITAs for G&G, ancillary, and exploratory drilling activities and will assist BOEM in
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performing NEPA evaluations for G&G permit applications and ancillary activity notices. NMFS intends
to use this EIS as the required NEPA documentation for the issuance of ITAs for Arctic oil and gas
exploration activities. NMFS may tier from this EIS to support future Arctic MMPA authorization
decisions if proposed oil and gas activities fall outside the scope of this EIS. NMFS also intends to utilize
information and analysis from this EIS to inform agency analyses and decisions pursuant to its ESA and
EFH consultation responsibilities. BOEM intends to conduct site-specific NEPA analyses that either tier
from this EIS or incorporate this EIS by reference. Sections 5.1.2 and 5.1.3 of this document provide
additional detail regarding NMFS and BOEM NEPA compliance for these proposed actions.

1.1.1 NMFS Statutory and Regulatory Mandates Relevant to EIS Scope of Analysis

The MMPA prohibits the unauthorized “take” of marine mammals by any person or vessel within the
waters of the U.S., to include the U.S. Beaufort and Chukchi seas (16 United States Code [U.S.C.] § 1372
(102)(a)). Sections 101(a)(5)(A) and (D) of the MMPA (16 United States Code [U.S.C.] § 1361 et seq.)
direct the Secretary of Commerce to allow, upon request, the incidental, but not intentional taking of
small numbers of marine mammals by U.S. citizens who engage in a specified activity (other than
commercial fishing) within a specified geographical region, if certain findings are made and either
regulations are issued or, if the taking is limited to harassment, a notice of proposed authorization is
provided to the public for review. For example, a disruption of marine mammal migratory behavior,
feeding, or nursing activities, perhaps resulting in cessation of the activity or separation of cow/calf pairs,
would constitute an incidental taking. Authorization for incidental takings shall be granted if:

o NMFS finds that the taking will have a negligible impact on the species or stock(s);

o NMFS finds that the taking will not have an unmitigable adverse impact on the availability of the
species or stock(s) for subsistence uses (where relevant); and

e the permissible methods of taking and requirements pertaining to the mitigation, monitoring, and
reporting of such takings are set forth.

NMFS has defined “negligible impact” in 50 CFR § 216.103 as “... an impact resulting from the specified
activity that cannot be reasonably expected to, and is not reasonably likely to, adversely affect the species
or stock through effects on annual rates of recruitment or survival.” Additionally, NMFS has defined
“unmitigable adverse impact” in 50 CFR § 216.103 as:

...an impact resulting from the specified activity: (1) That is likely to reduce the availability of
the species to a level insufficient for a harvest to meet subsistence needs by: (i) Causing the
marine mammals to abandon or avoid hunting areas; (ii) Directly displacing subsistence users;
or (iii) Placing physical barriers between the marine mammals and the subsistence hunters; and
(2) That cannot be sufficiently mitigated by other measures to increase the availability of marine
mammals to allow subsistence needs to be met.

The geographic scope of exploration activities requiring compliance with the MMPA includes both
federal and state marine waters.

1.1.2 BOEM and BSEE Statutory and Regulatory Mandates Relevant to EIS Scope
of Analysis

The OCS Lands Act, 43 U.S.C. § 1331 et seq. prescribes a four stage process for development of offshore
federal oil and gas resources: (1) a five-year oil and gas leasing program; (2) lease sales; (3) exploration
pursuant to exploration plans; and (4) development and production plans. Environmental reviews are
conducted for each of these stages. Government-to-Government consultation occurs in stages two
through four, and there is opportunity for public comment in all four stages.
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The OCS Lands Act directs BOEM and BSEE to oversee the “expeditious and orderly development [of
OCS resources] subject to environmental safeguards” (43 U.S.C. 88 1332(3), (6), 1334(a)(7)). Ceritical to
the potential development of OCS resources is the ability to gather geological and geophysical data
needed to assess the resource potential of the OCS. BOEM, which has rights to all data collected under
the OCS Lands Act and implementing regulations, needs the best available data to ensure that the Federal
Government (i.e. the American people) receives fair market value for leased resources. The OCS Lands
Act establishes U.S. Department of Interior authority, delegated to BOEM by regulation, to issue G&G
permits or notice approvals for G&G, ancillary, and exploration activities, and approve exploratory
drilling plans for these and related purposes. BOEM’s regulations for G&G permits are at 30 CFR Part
551 and for ancillary activities and Exploration Plans are at 30 CFR Part 550.

The OCS Lands Act (43 U.S.C. 88 1340(a)(1) (9)), and BOEM’s and BSEE’s implementing regulations,
require that OCS data and information collected be obtained in a technically safe and environmentally
sound manner. BOEM conducts NEPA analyses for proposed OCS activities and includes measures, if
necessary, in permits, plan approvals, and other authorizations to minimize potential adverse effects to the
human, marine, and coastal environment (30 CFR Parts 550 and 551). BSEE is responsible for technical
review and approval of Applications for Permits to Drill (APDs), for ensuring safe OCS operations, and
for monitoring OCS activities to ensure compliance with Federal laws, regulations, lease stipulations,
permit or plan conditions, and required mitigation. BSEE is also responsible for oversight of pollution
prevention and oil spill contingency and response planning for OCS operations. BSEE’s regulations are
at 30 CFR Parts 250 and 254.

BOEM regulations for G&G permit activities (30 CFR Part 551) specifically state that such activities
cannot:

e interfere with or endanger operations under any lease or right-of-way, easement, right-of-use,
notice, or permit issued or maintained under the OCS Lands Act;

e cause harm or damage to life (including fish and other aquatic life), property, or to the marine,
coastal, or human environment;

e cause harm or damage to any mineral resource (in areas leased or not leased);
e cause pollution;

e create hazardous or unsafe conditions;

o disturb archaeological resources; or

e unreasonably interfere with or cause harm to other uses of the area.

Pursuant to 30 CFR Part551.4, a G&G permit must be obtained from BOEM to conduct G&G
exploration for oil, gas, and sulphur resources when operations occur on unleased lands or on lands leased
to a third party. Ancillary activities are regulated under 30 CFR Part 550.207 through 550.210, which
also states that a notice must be submitted before conducting such activities pursuant to a lease issued or
maintained under the OCS Lands Act.

1.1.3 New Requirements for OCS Offshore Oil and Gas Exploration and
Development Drilling Operations

Following the Deepwater Horizon Event and resulting oil spill in the Gulf of Mexico, comprehensive
reforms to offshore oil and gas regulation and oversight were developed and implemented by BOEM and
BSEE. The reforms strengthen requirements for everything from well design and workplace safety to
corporate accountability.
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The Secretary’s Safety Measures Report, dated May 27, 2010, presents recommendations for immediate
and long-term requirements to improve the safety of oil and gas operations in shallow and deep waters.
In light of the Safety Measures Report, the MMS issued Notice to Lessees and Operators (NTL) 2010-
NO5, Increased Safety Measures for Energy Development on the OCS.

Pursuant to 30 CFR Part 550.213(g) and 30 CFR Part 550.219, an Exploration Plan must be accompanied
by a blowout scenario description and information regarding liquid hydrocarbons, including calculations
of a worst case discharge scenario. Under the new requirements for enhanced drilling safety (NTL 2010-
NO06, Information Requirements for Exploration Plans, Development and Production Plans, and
Development Operations Coordination Documents on the OCS), operators must demonstrate that they are
prepared to deal with the potential for a blowout and worst-case discharge.

NTL 2010-N10, Statement of Compliance with Applicable Regulations and Evaluation of Information
Demonstrating Adequate Spill Response and Well Containment Resources, requires to be included with
every APD a statement signed by an authorized company official stating that the operator will conduct all
authorized activities in compliance with all applicable regulations, including the Increased Safety
Measures for Energy Development on the Outer Continental Shelf rulemaking (75 FR 62246, October 7,
2010). In compliance with the NTL and pursuant to 30 CFR Part 254, each operator using subsea
blowout preventers (BOPs) or BOPs on floating facilities must submit information demonstrating that it
has access to and can deploy surface and subsea containment resources that would be adequate to
promptly respond to a blowout or other loss of well control.

BOEM and BSEE overhauled and continue to proactively reform the offshore regulatory process.
Similarly, the oil and gas industry has voluntarily responded with rigorous reform measures, including
new and revised industry standards, recommended practices, specifications, and guidelines. For example,
the new Drilling Safety Rule imposes requirements that will enhance the safety of OCS oil and gas
drilling operations. It addresses both well bore integrity and well control equipment and procedures.
Well bore integrity provides the first line of defense against a blowout by preventing a loss of well control
through the appropriate use of drilling fluids and the well bore casing and cementing program.
Applications for Permits to drill must meet new standards for well-design, casing, and cementing, and be
independently certified by a professional engineer.

The new Workplace Safety Rule covers all offshore oil and gas operations in federal waters, including
equipment, safety practices, environmental safeguards, and management oversight of operations and
contractors. The Workplace Safety Rule makes mandatory the previously voluntary practices in the
American Petroleum Institute’s Recommended Practice 75 (RP 75). Companies are required to develop
and maintain a Safety and Environmental Management System (SEMS). A SEMS program is a
comprehensive management program for identifying, addressing, and managing operational safety
hazards and impacts, with the goal of promoting both human safety and environmental protection.
BOEM’s latest 2012-2017 OCS Oil and Gas Leasing Program Final Programmatic EIS, Section 4.3.3.3.4
Reforms and Research to Reduce Risk, robustly describes all recent reforms. This document is available
at: http://www.boem.gov/Qil-and-Gas-Energy-Program/L easing/Five-Year-Program/2012-2017/Five-
Year-Program.aspx.

1.2 Proposed Action
The proposed actions of two federal agencies considered in this EIS are:

e The issuance of ITAs under Sections 101(a)(5)(A) and (D) of the MMPA, by NMFS, for the
incidental taking of marine mammals during G&G permitted activities, ancillary activities, and
exploratory drilling activities in the U.S. Beaufort and Chukchi seas, Alaska, and

e The authorization of G&G permits and ancillary activities in the U.S. Beaufort and Chukchi seas,
Alaska, by BOEM under the OCS Lands Act.
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As described below in Section 1.3, these federal actions are related, but distinct, actions.
1.3 Purpose and Need for Action

1.3.1 Purpose

Energy use in the U.S. is expected to continue to increase from present levels through 2040 and beyond
(EIA 2012). For example, the U.S. consumption of crude oil and petroleum products has been projected to
increase from about 19.1 million barrels (Mbbl) per day in 2010 to about 21.9 Mbbl per day in 2035 (EIA
2011). Oil and gas reserves in the OCS represent significant sources that currently help meet U.S. energy
demands and are expected to continue to do so in the future. The benefits of producing oil and natural gas
from the OCS include not only helping to meet this national energy need but also generating money for
public use. In this context, the purpose for issuing permits for seismic surveying activities under the OCS
Lands Act and issuing authorizations to “take” marine mammals under the MMPA are discussed below.

Authorizing Take under the MMPA: Under the MMPA, the ‘taking’ of marine mammals, incidental or
otherwise, without a permit or exemption is prohibited. Among the activities exempt from the MMPA’s
moratorium on the take of marine mammals is subsistence hunting of marine mammals by Alaska Natives
(Section 101(b)). Among the exceptions allowed to the moratorium on marine mammal takes (as stated in
Sections 101(a)(5)(A) and (D)) is for the incidental, but not intentional, “taking,” by U.S. citizens, while
engaging in an activity (other than commercial fishing) of small numbers of marine mammals. The
MMPA directs the Secretary of Commerce to authorize the take of small numbers of marine mammals
provided that the taking will have a negligible impact on such species or stock, will not have an
unmitigable adverse impact on the availability of such species or stock for taking for subsistence uses,
and the permissible methods of taking and requirements pertaining to mitigation, monitoring, and
reporting are set forth. Additionally, pursuant to Section 101(a)(5)(D) of the MMPA monitoring plans are
required to be independently peer reviewed where the proposed activity may affect the availability of a
species or stock for taking for subsistence uses.

The term “take” under the MMPA means “to harass, hunt, capture, or kill, or attempt to harass, hunt,
capture, or Kill any marine mammal.” The MMPA further defines “harassment” as “any act of pursuit,
torment, or annoyance which (i) has the potential to injure a marine mammal or marine mammal stock in
the wild [Level A harassment]; or (ii) has the potential to disturb a marine mammal or marine mammal
stock in the wild by causing disruption of behavioral patterns, including, but not limited to, migration,
breathing, nursing, breeding, feeding, or sheltering [Level B harassment].”

ITAs issued by the Secretary of Commerce, pursuant to Section 101(a)(5) of the MMPA, as indicated
above, provide a limited exception to the take prohibition in the MMPA. Therefore, NMFS and BOEM
have, through this EIS, analyzed the environmental impacts associated with authorizing the take of marine
mammals incidental to oil and gas exploration activities in the U.S. Beaufort and Chukchi seas, Alaska,
using the best available science and including impacts to marine mammals and the subsistence uses of
these species. The analysis considers the effects associated with issuing ITAs for oil and gas activities
such as seismic surveys, exploratory drilling activities, and aircraft and support vessel activity (including,
for example, icebreaking and resupply). This EIS also includes an analysis of the environmental impacts
associated with authorizing seismic surveys under the OCS Lands Act.

ITAs may be issued as either (1) regulations and associated Letters of Authorization (LOAS) or
(2) Incidental Harassment Authorizations (IHAs). An IHA can only be issued if the proposed action will
not result in a potential for serious injury and/or mortality or where any such potential can be negated
through required mitigation measures. Where the proposed activity has the potential to result in serious
injury and/or mortality (that cannot be negated through mitigation measures), only regulations and
associated LOAs may be used to authorize take. However, regulations and LOAs may also be issued
when there is no potential for serious injury and/or mortality if the applicant requests it, which applicants
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sometimes do for multi-year activities because it offers some administrative streamlining benefits. NMFS
could issue ITAs for oil and gas exploration activities in either federal or State of Alaska waters. Given
the widespread presence of several species of marine mammals in the Beaufort and Chukchi seas and the
nature of oil and gas exploration activities, there is the potential that some seismic and exploratory
drilling activities may result in the take of marine mammals through sound, permitted discharge of
pollutants, and/or the physical presence of vessels. Because of the potential for these activities to “take”
marine mammals, oil and gas operators may choose to apply for an ITA.

Authorizing Offshore Oil & Gas Activities: Regulation of these activities is in part determined by their
location. Activities in the Beaufort Sea and Chukchi Sea Planning Areas of the Arctic OCS include
exploration seismic surveys conducted under BOEM-issued geophysical permits, BOEM-authorized
ancillary survey activities on federal leases, and BOEM/BSEE-approved exploratory drilling activities on
federal leases. Proposed activities in state waters would be authorized and regulated by the State of
Alaska. NMFS has jurisdiction to authorize incidental take under the MMPA resulting from certain
activities whether they occur in Federal or state waters.

Regarding mineral resources in federal waters, the OCS Lands Act directs the Secretary of the Interior to
oversee the “expeditious and orderly development” of OCS resources subject to environmental safeguards
(43 U.S.C. 88 1332(3), (6), 1334(a)(7)). Critical to the potential development of OCS resources is the
ability to gather G&G data on the resource potential of the OCS. Pursuant to 30 CFR Part 551.4, a G&G
permit must be obtained from BOEM to conduct G&G exploration for oil, gas, and sulphur resources
when operations occur on unleased lands or on lands leased to a third party. Ancillary activities are
regulated under 30 CFR Part 250, which states that a notice must be submitted before conducting G&G
data collection pursuant to a lease issued or maintained under the OCS Lands Act (30 CFR Part 550.208).

1.3.2 Need

Authorizing “Take” under the MMPA: NMFS expects to receive applications to take marine mammals
incidental to oil and gas industry exploration activities (i.e. G&G and ancillary surveys and exploratory
drilling) pursuant to Sections 101(a)(5)(A) and (D) of the MMPA. This EIS is intended to assist NMFS
in its MMPA decision-making process related to projected requests for ITAs by providing a
comprehensive understanding of deep penetration geophysical surveys and exploratory drilling in the U.S
Beaufort and Chukchi seas for future years and may be revised as necessary. NMFS intends to use this
EIS as the required NEPA analysis to support the issuance of ITAs for Arctic oil and gas exploration
activities. It is the intent of NMFS that the scope of this EIS covers as many actions as possible.
However, if necessary, NMFS may need to conduct additional NEPA analysis to support future Arctic
MMPA oil and gas permit decisions if such activities fall outside the scope of this EIS. This applies to
actions taken under Sections 101(a)(5)(A) and (D) (i.e. issuance of LOAs and IHAs) Please see Chapter
5 (Sections 5.1.2 and 5.1.3) for additional discussions on NEPA compliance related to this EIS.

Authorizing Offshore Oil & Gas Activities: BOEM expects to receive applications to conduct
exploration surveys, ancillary activities, and exploration drilling pursuant to the OCS Lands Act. To
fulfill statutory mandates for proposed exploratory drilling projects, BOEM requires lessees to submit
industry-obtained seismic survey data, high-resolution shallow hazards data, and well information with an
Exploration Plan. BOEM and BSEE use the information to: (a) ensure safe operations, which refers to
detection of shallow gas pockets, faults, channel boundaries or other geological or man-made features that
could be hazards to drilling; (b) support environmental impact analyses; (c) protect resources through
avoidance measures, such as prohibiting anchor locations within a boulder patch area or a potential
archeological site; and (d) perform other statutory responsibilities.

Exploration seismic surveys (both 2D and 3D) provide industry with information on subsurface geology
to identify prospective blocks and to make decisions on competitive bids in Federal OCS lease sales.
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Under the OCS Lands Act, the government must receive “fair market value” for the lands that it leases.
BOEM uses a two-phased system of bid evaluation to assess the adequacy of bids. Each high bid is first
examined for technical and legal adequacy (i.e., conformity with antitrust laws). Each valid high bid is
then analyzed from a fair market value perspective, which assesses the value of the right to explore for,
develop, and produce the hydrocarbon potential of the block. The value is based on BOEM’s analysis and
interpretation of geologic and geophysical information obtained through industry’s exploration seismic
surveys, and previous exploration drilling. BOEM estimates the likelihood of oil and/or gas being
discovered on the area of the lease and completes an economic analysis of the possible oil/gas
development options. Bids that do not meet BOEM'’s fair market value criteria may be rejected.

BOEM regulations implementing the OCS Lands Act set the initial lease term for oil and gas leases (30
CFR 556). In the Arctic OCS, the initial lease term is set at ten years. The lease will expire at the end of
its primary term if the leaseholder (or lessee or operator) is not conducting operations on the lease (30
CFR 550.180 and 30 CFR 556.70). The leaseholder may retain the lease as long as oil or gas is produced
from the lease in paying quantities, or while drilling or well reworking activities are conducted, or a
suspension has been granted by BOEM.

1.4  Scope and Objectives

The scope of the proposed action involves two parts: (1) to continue permitting or authorizing
exploration activities that will provide the oil and gas industry and BOEM with the best available data on
the location, extent, and properties of hydrocarbon resources, as well as information on shallow
geological hazards and seafloor geotechnical properties; and (2) to support MMPA authorizations for the
take of marine mammals incidental to conducting deep penetration seismic surveys, shallow hazards
surveys, and exploratory drilling activities under the Proposed Action. Therefore, the objectives of the
EIS are to:

1. Evaluate a broad range of reasonably foreseeable levels of exploration activities (e.g. deep
penetration seismic surveys, shallow hazards surveys, and exploratory drilling activities), including
the use of alternative technologies and methodologies intended to reduce the amount and/or
intensity of sound output, in state and federal waters in the U.S. Beaufort and Chukchi seas. The
EIS may be used, based on a case-by-case evaluation, as the sole NEPA compliance document for
future agency actions covered by this EIS, or it may serve as a tiering document (as contemplated
by the CEQ regulations) where it is determined that further NEPA analysis may be required.

2. Provide environmental information that can be used to help NMFS evaluate whether to issue ITAs
under the MMPA for activities in state and federal waters in the U.S. Beaufort and Chukchi seas
and to help BOEM evaluate whether to grant G&G permits or other authorizations under the OCS
Lands Act for proposed activities.

3. Project the amount and extent of OCS and state water G&G, ancillary, and exploratory drilling
activities that are likely to occur in the U.S. Beaufort and Chukchi seas based on the best available
information.

4. Identify and analyze any direct, indirect, and cumulative impacts that may result from the proposed
action, including the benefits of one or more measures to mitigate adverse environmental effects.

5. Evaluate a range of monitoring and mitigation measures that might be implemented relative to the
level of deep penetration geophysical surveys, shallow hazards surveys, and exploratory drilling to
minimize impacts to marine resources and to ensure no unmitigable adverse impact to subsistence
users.

The analyses contained in this EIS provide decision-makers and the public with an evaluation of the
potential environmental, social, and economic effects of a range of reasonable alternatives, including the
proposed action. The EIS also includes an analysis of the potential cumulative impacts of the proposed
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action, particularly as they relate to marine resources (e.g. marine mammals, fish, etc.) and subsistence
harvest activities.

Specifically, NMFS and BOEM have, through this EIS:

o Described the Proposed Action and a range of reasonable alternatives, including a suite of
proposed mitigation measures, as well as consideration of other mitigation measures;

o Assessed the direct and indirect effects of the Proposed Action and alternative approaches to
authorize oil and gas deep penetration geophysical surveys and shallow hazards surveys under the
OCS Lands Act and the taking of marine mammals incidental to seismic and shallow hazards
surveys and exploratory drilling activities under the MMPA;

o Assessed the effects on the marine mammal species and the availability of those species for
subsistence uses, as well as other components of the marine ecosystem and human environment;

e Assessed the cumulative impacts associated with the Proposed Action; and

o Analyzed the effects of obtaining geotechnical data for pre-feasibility analyses of shallow sub-sea
sediments associated with identifying potential shallow geophysical hazards, as part of proposed
exploratory drilling.

NMFS will use the EIS to support the consideration of future MMPA authorizations for deep penetration
geophysical surveys, shallow hazards surveys, and exploratory drilling activities in state and federal
waters in the U.S. Beaufort and Chukchi seas. There are multiple scenarios under which NMFS can
obtain input from the public regarding the agency’s issuance of MMPA authorizations (e.g. through the
structure of the Open Water Meeting or Monitoring peer review, public comment periods on the proposed
authorizations). The history and known strengths and challenges of various scenarios NMFS has used to
gain stakeholder and public input will be discussed in Chapter 5. The EIS will assist BOEM in
identifying and evaluating potential adverse effects to the environment and in developing appropriate
mitigation measures. The EIS will assist BOEM and BSEE in the analysis needed to ensure safe
operations, meet regulatory requirements, and protect benthic habitat in federal waters.

It should be noted that BOEM will perform separate NEPA analyses on any exploration drilling proposals
it may receive for leased tracts in the Beaufort Sea OCS or the Chukchi Sea OCS. While information and
analysis from this EIS may inform those separate analyses, it is not intended to wholly satisfy BOEM’s
NEPA obligation with respect to proposed exploration plans.

1.5 Issues and Concerns to be Addressed in the EIS

The NOI to prepare the EIS (75 FR 6175, February 8, 2010) provided a list of issues on which NMFS was
seeking public input. These issues included:

e Protection of subsistence resources and Ifiupiat culture and way of life;
e Disturbance to bowhead whale migration patterns;
e Impacts of seismic operations on marine fish reproduction, growth, and development;

e Harassment and potential harm of wildlife, including marine mammals and marine birds, by
vessel operations, movements, and noise;

e Impacts on water quality;

e Changes in the socioeconomic environment;

e Impacts to threatened and endangered species;

¢ Impacts to marine mammals, including disturbance and changes in behavior;

Effects of Oil and Gas Activities in the Arctic Ocean Supplemental Draft Environmental Impact Statement 1-13
Chapter 1 — Purpose and Need



March 2013

e Incorporation of traditional knowledge in the decision-making process; and

o Effectiveness and feasibility of marine mammal monitoring and other mitigation and monitoring
measures.

The scoping period for the Effects of Oil and Gas Activities in the Arctic Ocean EIS began on February 8,
2010 and ended April 9, 2010. Public scoping meetings were held during February and March 2010 in
the communities of Kotzebue, Point Hope, Point Lay, Wainwright, Barrow, Nuigsut, Kaktovik, and
Anchorage. Scoping comments were received verbally and in writing through discussion, testimony, fax,
regular mail, and electronic mail.

Of the issues identified during scoping, those that were most commonly raised included:
e Concerns regarding the NEPA process;
e Impacts to marine mammals and habitats;
o Risks of oil spills;
o Climate change;
e Protection of subsistence resources and the Ifiupiat culture and way of life;
e Auvailability of research and monitoring data for decision-making;
e Monitoring requirements; and
e Suggestions for, or implementation of, mitigation measures.

Concerns related to the need for a stable domestic energy supply and benefits to the state and nation from
oil and gas development were also raised during scoping. These issues were determined to be beyond the
scope of the environmental analysis within this EIS and are therefore not discussed further. For more
detail on the issues raised during the scoping process, please refer to Appendix C of the 2011 Draft EIS.

Issues and concerns associated with oil and gas related activities in the marine environment have also
been documented for decades by the scientific community, in government publications, at scientific
symposia, and through scoping and public meetings/comments, and other NMFS and BOEM NEPA
analyses. In addition, public testimony and Traditional Knowledge from Alaska Natives have provided
valuable information about seismic survey operations and exploratory drilling activities. NMFS and
BOEM address this information in the relevant sections of the EIS.

1.6 Description of the Project Area

The project area for this EIS, illustrated in Figure 1.1, covers a total area of approximately 200,331 square
miles within the U.S. portion of the Beaufort and Chukchi seas. It includes State of Alaska and OCS
waters adjacent to the North Slope of Alaska and transit areas of the Chukchi Sea north of the Bering
Straits. The oceanographic area extends from Kotzebue on the west to the U.S.-Canada border on the
east. The offshore boundary is the OCS Beaufort Sea and Chukchi Sea Planning Areas, approximately
322 km (200 mi) offshore. Onshore locations included within the EIS project area include Arctic
communities of the Northwest Arctic and North Slope Boroughs: Kotzebue; Kivalina; Point Hope; Point
Lay; Wainwright; Barrow; Nuigsut; Kaktovik; and the Prudhoe Bay area. Areas of special importance for
this EIS are identified in Figures 3.2-25 and 3.2-26, and are typically associated with important biological
or subsistence use areas.
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Recent Chronology of NEPA Activities and Documents that Influence
the Scope of the EIS

The effects of oil and gas related deep penetration geophysical surveys, shallow hazard surveys, and
exploratory drilling activities in the U.S. Beaufort and Chukchi seas have been evaluated to some degree
in previous NEPA documents produced by both the NMFS and MMS. Summaries of these documents
are contained herein. Portions of these NEPA documents are appropriately incorporated by reference in
other chapters of this EIS, as directed by 40 CFR 1502.21 of the CEQ's regulations.

In 2003, MMS prepared the Beaufort Sea Planning Area Oil and Gas Lease Sales 186, 195, 202
Final Environmental Impact Statement (OCS EIS/EA MMS 2003-001). The Final EIS
analyzed the environmental effects of these three sales — Sale 186 in 2003, Sale 195 in 2005 and
Sale 202 in 2007 — all of which consider leasing the same geographical area in the Beaufort Sea.

In 2006, MMS prepared Draft and Final Programmatic Environmental Assessments (PEAS) on
the Arctic Ocean Outer Continental Shelf Seismic Surveys - 2006 (MMS 2006, or PEA) for
permitting up to four seismic surveys to be conducted in the open water season in both the
Beaufort and Chukchi seas, for a total of up to eight annual surveys. NMFS was a cooperating
agency in the preparation of the MMS PEA. A Final PEA was released by MMS on June 22,
2006 and adopted by NMFS.

On November 17, 2006, NMFS and MMS issued a NOI to jointly prepare a Programmatic EIS
(PEIS) for Seismic Surveys in the Chukchi and Beaufort seas, Alaska. The PEIS assessed the
impacts of MMS’ six annual authorizations under the OCS Lands Act to the U.S. oil and gas
industry, to conduct a higher level of offshore geophysical seismic surveys in the Beaufort and
Chukchi seas off Alaska over a longer time frame than evaluated in the PEA, and to assess the
impacts of NMFS’ authorizations under the MMPA to incidentally harass marine mammals while
conducting those surveys. The Draft PEIS assumed that up to six offshore geophysical seismic
surveys would be conducted annually in both the Beaufort and Chukchi seas off Alaska (for a
total of up to 12 annual surveys) and evaluated the environmental effects of the increased level of
seismic effort (which represents a 50 percent increase in activity compared to the level of seismic
effort analyzed in the MMS 2006 PEA). On March 30, 2007, the EPA announced the availability
for comment of the MMS/NMFS Draft PEIS (MMS 2007a). However, on October 28, 2009,
NMFS published a notice of withdrawal of the 2007 PEIS (74 FR 55539).

In May 2007, MMS issued the Final EIS for the Chukchi Sea Planning Area Oil and Gas
Lease Sale 193 and Seismic Surveying Activity in the Chukchi Sea and also examined a
proposal for exploration seismic survey permitting in 2007 in the proposed sale area and two
alternatives for the 2007 seismic surveys (OCS EIS/EA MMS 2007-026).

In August 2007, NMFS prepared a Supplemental EA (SEA; NMFS 2007a) and issued a new
Finding of No Significant Impact (FONSI) to update the 2006 Final PEA for analysis of an
Arctic seismic survey ITA, including NMFS’ issuance of an IHA to Shell Offshore Inc. (Shell)
for the 2007 season. The 2007 SEA analyzed the effects on the human environment of issuing an
IHA to Shell for the take of marine mammals incidental to conducting deep penetration 3D
seismic surveys in both the Beaufort and Chukchi seas and marine surveys, including site
clearance and shallow hazards surveys, in the Beaufort Sea during the 2007 Arctic open-water
season. Where appropriate, sections of the 2006 Final PEA and 2007 Draft PEIS were
incorporated into the 2007 SEA by reference.

In October 2007, NMFS prepared an EA for the issuance of an IHA to Shell to take marine
mammals incidental to conducting an offshore drilling project in the U.S. Beaufort Sea (NMFS
2007b) and issued a FONSI on October 24, 2007. This EA analyzed the effects on the human
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environment of issuing an IHA to Shell for the take of marine mammals incidental to conducting
open-water offshore exploratory drilling in OCS blocks of the U.S. Beaufort Sea.

o For the 2008 Arctic open-water season, NMFS received applications from five oil and gas
companies requesting IHAs to conduct various types of seismic and site clearance and shallow
hazards surveys in the Arctic Ocean. In July 2008, NMFS prepared a new seismic/site clearance
survey SEA (2008 SEA; NMFS 2008) to update analyses contained in the 2006 Final PEA since
it was determined that the 2008 surveys would have environmental impacts similar to the
activities analyzed in the 2006 Final PEA. Where appropriate, sections of the 2006 Final PEA
and 2007 Draft PEIS, as well as NMFS’ 2007 SEA, Arctic Regional Biological Opinion, MMS’
2007 Chukchi Sea Planning Area Qil and Gas Lease Sale 193 and Seismic Surveying Activities in
the Chukchi Sea - Final Environmental Impact Statement (MMS 2007b), and MMS’ Beaufort Sea
Planning Area Qil and Gas Lease Sales 186, 195, 202 Final Environmental Impact Statement
(MMS 2003), were incorporated into the 2008 SEA by reference. After completion of the 2008
SEA, NMFS issued five FONSIs in July and August 2008 for each of the five IHAs issued by
NMEFS.

e In August 2009, NMFS published an EA for the issuance of an IHA to Shell, which analyzed
the impacts to the human environment that may result from the take of marine mammals
incidental to conducting an open water marine survey program in the Chukchi Sea, Alaska,
during 2009. Portions of several of the NEPA documents mentioned above were incorporated by
reference into the 2009 EA. Among other things, the 2009 EA updated information on the
potential impacts to marine mammals based on previous years of monitoring. NMFS issued a
FONSI on August 14, 2009.

e In October 2009, MMS published an EA for the Shell 2010 Exploration Drilling Program-
Camden Bay, Beaufort Sea, Alaska (OCS EIS/EA MMS 2009-052), which analyzed the
environmental impacts of exploration drilling. Shell proposed to drill two exploration wells
during the July to October 2010 open-water-drilling season. The EA tiered from existing
environmental documents and incorporated by reference other environmental documents (see EA
pages 2 and 3 for the list of environmental documents).

e |n December 2009, MMS published an EA for the Shell 2010 Exploration Drilling Program—
Burger, Crackerjack, and Southwest Shoebill Prospects in the Chukchi Sea Outer Continental
Shelf, Alaska (OCS EIS/EA MMS 2009-061). Shell proposed to drill exploration wells at up to
three of five possible drill sites during the July to October 2010 open-water-drilling season. The
EA tiered from existing environmental documents and incorporated by reference other
environmental documents (see EA pages 6 and 7 for the list of environmental documents).

e InJune 2010, BOEMRE published an EA for Statoil’s Proposed Seismic Survey Activity in the
Chukchi Sea Planning Area (OCS EIS/EA BOEMRE 2010-020). The EA tiered from two
previous environmental documents: (1) Final PEA, Arctic Ocean Outer Continental Shelf,
Seismic Surveys—2006 (OCS EIS/EA MMS 2006-038) June 2006; and (2) Final EIS, Chukchi
Sea Planning Area, Oil and Gas Lease Sale 193 EIS and Seismic Surveying Activities in the
Chukchi Sea (OCS EIS/EA MMS 2007-026) May 2007.

e In July 2010, BOEMRE published an EA for Shell Exploration & Production Proposed
Ancillary Activitiess—Marine Surveys in the Beaufort Sea, Alaska (OCS EIS/EA MMS
2010-022). Ancillary activities are activities conducted by a leaseholder on BOEMRE-issued
leases for the purposes of obtaining data and information to develop an Exploration Plan or
Development and Production Plan. Shell proposed shallow hazard and site clearance surveys, ice
gouge surveys, strudel scour surveys, marine baseline studies, and seafloor soil sampling. The
EA tiered from existing environmental documents and incorporated by reference other
environmental documents (see EA pages 2 and 3 for the list of environmental documents).
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e InJuly 2010, NMFS prepared an EA for the issuance of IHAs to take marine mammals incidental
to conducting open-water seismic and marine survey programs in the U.S. Beaufort and Chukchi
seas (NMFS 2010). This EA analyzed the impacts to the human environment from the issuance
of an IHA to Shell for the take of marine mammals incidental to conducting an open-water
marine survey program in the U.S. Beaufort and Chukchi seas and the issuance of an IHA to
Statoil for the take of marine mammals incidental to conducting 3D and 2D open-water seismic
surveys in the Chukchi sea. Several of the earlier NEPA documents mentioned in this list were
incorporated into NMFS’s 2010 EA by reference. After completion of the EA, NMFS issued two
FONSIs for each of the IHAs issued by NMFS.

e InJuly 2011, NMFS prepared an SEA and issued a FONSI for the issuance of an IHA to Statoil
for the take of marine mammals incidental to open-water shallow hazards surveys in the U.S.
Chukchi Sea (NMFS 2011). This 2011 SEA was a supplement to the July 2010 EA prepared by
NMFS regarding oil and gas exploration activities conducted by Shell and Statoil in the U.S.
Chukchi Sea. This SEA analyzed the impacts to the human environment from the issuance of an
IHA to Statoil for the take of marine mammals incidental to conducting an open-water marine
survey program in the Chukchi Sea.

e InJuly 2011, BOEMRE issued an EA and issued a FONSI on the Statoil USA E&P Inc. 2011
Ancillary Activities, Chukchi Sea, Alaska (OCS EIS/EA BOEMRE 2011-020). The EA
analyzed potential environmental impacts resulting from an open-water shallow hazards seismic
survey program. The proposed activity area encompasses the 16 leases owned by Statoil and
three leases jointly owned by Statoil and CPAI in the Chukchi Sea. All leases were obtained in
Lease Sale 193 held in February 2008.

e In August 2011, BOEMRE issued an EA and a FONSI on the Shell Offshore Inc. Revised Outer
Continental Shelf Lease Exploration Plan Camden Bay, Alaska (OCS EIS/EA BOEMRE
2011-039). The purpose of the project analyzed in the EA was for Shell to evaluate the mineral
resource potential of three lease tracts within two distinct oil and gas prospects: “Sivullig” (NR
06-04 Flaxman Island, block 6658, OCS-Y-1805) and “Torpedo” (NR 06-04 Flaxman Island,
block 6659, OCS-Y-1936 and NR 06-04 Flaxman Island, block 6610, OCS-Y-1941). The
proposed action calls for two wells each to be drilled into the two prospects (Sivulliq and
Torpedo) during the open-water season beginning in 2012.

e In August 2011, BOEMRE issued the Final Supplemental EIS for the Chukchi Sea Planning
Area Oil and Gas Lease Sale 193 (BOEMRE 2011b). The 2008 FEIS for Lease Sale 193 was
challenged in the U.S. District Court for the District of Alaska. On July 21, 2010, the District
Court issued an Order remanding Sale 193 to BOEMRE to satisfy its obligations under NEPA in
accordance with the Court’s opinion. The District Court’s Order was amended on August 5,
2010, and guidelines for compliance with the Order were established by the Court on September
2, 2010. The Draft Supplemental EIS augments the analysis in the Final EIS for Lease Sale 193
by analyzing the environmental impact of natural gas development and evaluating incomplete,
missing, or unavailable information pursuant to 40 CFR 1502.22 to respond to the Court’s
remand. A Draft Supplemental EIS was made available to the public on October 15, 2010. In
March 2011, BOEMRE announced that a Very Large Oil Spill analysis would also be included in
the Supplemental EIS. The analysis was completed and integrated within the Revised Draft
Supplemental EIS, which was released for public comment on May 27, 2011.

e In December 2011, BOEM issued an EA and a FONSI for the Shell Revised Chukchi Sea
Exploration Plan. The EA evaluates the potential impacts from proposed exploratory drilling to
evaluate oil and gas resources on six of Shell’s OCS leases in the Chukchi Sea.
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e On December 30, 2011, NMFS published an NOA in the Federal Register announcing the
availability of the Effects of Oil and Gas Activities in the Arctic Ocean Draft EIS (76 FR
82275). The public was afforded 60 days to comment on that document. Many of the comments
received on the 2011 Draft EIS have been incorporated into this Supplemental Draft EIS.

e In May 2012, NMFS prepared an EA for the issuance of IHAs to Shell for the take of marine
mammals incidental to conducting offshore exploratory drilling programs in the U.S. Beaufort
and Chukchi seas. The EA analyzed impacts to marine mammals and their habitats and to the
subsistence uses of marine mammals, as well as to other resources in the affected environment.
After completion of the EA, NMFS issued two FONSISs for each of the IHAs issued by NMFS.

e In July 2012, BOEM issued the Outer Continental Shelf Oil and Gas Leasing Program 2012-
2017 Final Programmatic EIS (BOEM 2012). The Final PEIS evaluates the potential impacts
from oil and gas exploration and development on six planning areas of the OCS, including
Western Gulf of Mexico, Central Gulf of Mexico, Eastern Gulf of Mexico, Cook Inlet, Beaufort
Sea, and Chukchi Sea. The analysis adopts a broad regional perspective; BOEM intends for more
detailed and geographically-focused analyses to be done as the five-year program progresses from
the planning stage through the leasing, exploration, and development stages.

e In October 2012, BOEM issued an EA for ION’s Geological and Geophysical Surveys (OCS
EIS/EA BOEMRE 2012-081). The EA analyzed the environmental impacts associated with an
airgun array and echosounders operated during 2D seismic survey, as well as potential impacts
from icebreaking during the survey. The survey in the U.S. Beaufort and Chukchi seas would
extend from the U.S.-Canada border in the east to Point Barrow in the west. The EA incorporated
by reference past NEPA documents that provided a comprehensive characterization of the Arctic
Ocean’s physical, biological, and socioeconomic resources and Alaska Native subsistence
activities, and evaluated a broad spectrum of potential seismic survey-related impacts (see EA
page 2 for the list of these documents).

1.8 Federal Laws and Other Requirements Applicable to Oil and Gas
Activities in the Arctic Ocean

The federal issuance of permits and authorizations under the OCS Lands Act in the U.S. Beaufort and
Chukchi seas off the coast of Alaska and NMFS’ authorizations under the MMPA are subject to a number
of federal laws and regulations and Executive Orders. There are also relevant State laws and regulations
for oil and gas exploration activities in State of Alaska waters. These are briefly summarized below.

1.8.1 National Environmental Policy Act of 1969

NEPA establishes a nationwide policy and goal of environmental protection, and provides legal authority
for federal agencies to carry out that policy (40 CFR 1500.1(a)). It requires federal agencies to study and
consider the environmental consequences of their actions and to use an interdisciplinary framework for
environmental decision-making, which includes the consideration of environmental amenities and values
(42 U.S.C. § 4332(B)).

NEPA also requires federal agencies to make environmental information available to the public and to
public officials and to consider their comments before making decisions that could affect the
environment. Documents prepared by federal agencies in compliance with NEPA must be streamlined to
focus on the issues that are truly significant to the action in question and present alternatives in a way that
allows potential environmental consequences to be clearly distinguished, along with “advice and
information useful in restoring, maintaining, and enhancing the quality of the environment” (43 FR
55990, November 28, 1978, and 40 CFR 1502.1, 1502.2, and 1502.14).

The provisions of NEPA require that an EIS contain the following elements:
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Statement of Purpose and Need for the Proposed Action;

Description of Alternatives Evaluated in the EIS, including the Proposed Action, the No Action
Alternative, and Alternatives Evaluated but Eliminated from Further Consideration;

Description of the Affected Environment;
Analysis of Environmental Consequences of Alternatives Carried Forward in the EIS;

The Relationship Between Local Short-Term Uses of Man’s Environment and the Maintenance
and Enhancement of Long-Term Productivity; and

Any Irreversible and Irretrievable Commitments of Resources Which Would be Involved in the
Proposed Action Should it be Implemented.

The preparation of an EIS must include the following five basic steps:

1.

Scoping. As the first step in the EIS process, scoping provides an opportunity for the public,
government agencies, and other interested groups to provide information and advice on issues
that might be associated with the proposed project, so that the lead federal agency can decide
whether and how to address them in the EIS. Scoping can also identify new alternatives to be
considered in the EIS.

Draft Environmental Impact Statement (DEIS). After scoping is completed, a DEIS is
prepared. The DEIS describes and evaluates a range of reasonable alternative actions, including
no action. If the lead agency has decided upon a preferred alternative by the time a DEIS is
prepared, it is identified. The DEIS evaluates physical, biological, socioeconomic, and
environmental impacts that might result from the alternatives carried forward for analysis, and it
describes the significance of environmental effects surrounding the various alternatives, including
the proposed action. Finally, it identifies ways to mitigate the potential impacts — to avoid,
minimize, rectify, reduce, or eliminate those impacts over time or to compensate for any potential
harm to the environment that might be caused by any of the alternatives.

Public Comment on the DEIS. Following publication of a DEIS, a public NOA for review is
published in the FR, which begins a public comment period of no less than 45 days. A public
hearing may be conducted to provide an opportunity for interested parties to provide oral
comments on the DEIS. Following the public comment period, the lead agency considers all of
the comments received and prepares a final EIS (FEIS) and includes responses to the comments
on the DEIS.

Final Environmental Impact Statement (FEIS). The FEIS must identify the lead agency’s
preferred alternative (unless another law prohibits the expression of such a preference) and may
identify the environmentally preferable alternative, which may be different. Once the FEIS is
completed and published, there is a 30-day “wait” period before an agency may issue its Record
of Decision (ROD) (see below).

Record of Decision. Following completion of the FEIS process as described above, the lead
agency prepares a ROD. The ROD must: (1) state what the decision was; (2) identify all
alternatives considered in reaching the decision and which were considered to be environmentally
preferable; and (3) state whether all practicable means to avoid or minimize environmental harm
have been adopted, and if not, why not (40 CFR 1505.2). If a monitoring and enforcement
program is applicable for any mitigation, it must be adopted and summarized in the ROD
(40 CFR 1505.2).

As noted earlier in this Chapter, NMFS determined to prepare a Supplemental Draft EIS prior to issuing
the FEIS. While not one of the five required steps in the EIS process, NMFS and BOEM determined that
the Final EIS would benefit from the inclusion of additional alternatives for analysis that cover a broader
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range of potential levels of exploratory drilling scenarios in the Beaufort and Chukchi Seas. Additional
revisions were made to the document, including the analysis of potential mitigation measures. Based on
the nature of the changes to the document from the 2011 Draft EIS, the agencies determined a
Supplemental Draft EIS should be released for public comment. Following the public comment period,
the lead agency will consider all comments received and prepare an FEIS, which will include responses to
comments on the 2011 Draft EIS and this Supplemental Draft EIS.

1.8.2 National Oceanic and Atmospheric Administration
Administrative Order (NAQO) 216-6

NAO 216-6 describes NOAA’s policies, requirements, and procedures for complying with NEPA and the
implementing regulations issued by CEQ as codified in Parts 1500-1508 of Title 40 of the CFR (40 CFR
Parts 1500-1508) and those issued by the DOC in Department Administrative Order (DAO) 216-6,
Implementing the NEPA. NAO 216-6 incorporates the requirements of Executive Order (EO) 12898,
Federal Actions to Address Environmental Justice in Minority Populations and Low-Income Populations.
Also, the Order reiterates provisions of EO 12114, Environmental Effects Abroad of Major Federal
Actions, as implemented by DOC in DAO 216-12, Environmental Effects Abroad of Major Federal
Actions (NAO 216-6).

1.8.3 DOI Implementation of the National Environmental Policy Act of 1969

DOI has established procedures (43 CFR Part 46) for the Department and for its constituent bureaus
(including BOEM) to use for compliance with NEPA and with CEQ regulations (40 CFR 1500-1508) for
implementing the procedural provisions of NEPA. This regulation is intended to supplement and to be
used in conjunction with the CEQ regulations, except where it is inconsistent with other statutory
requirements.

1.8.4 Endangered Species Act

NMFS and BOEM have shared mandates under the Endangered Species Act (ESA). Section 7 (16 U.S.C.
8 1536) of the ESA states that all federal agencies shall, in consultation with, and with the assistance of
the Secretary of the Interior or Commerce (Secretary), ensure that any action authorized, funded, or
carried out by such agency is not likely to jeopardize the continued existence of any endangered species
or threatened species or result in the destruction or adverse modification of habitat of such species, which
is determined by the Secretary to be critical. Section9 (16 U.S.C. 8 1538) of the ESA identifies
prohibited acts related to endangered species and prohibits all persons, including all federal, state and
local governments, from taking listed species of fish and wildlife, except as specified under provisions for
exemption (16 U.S.C. 881535(g)(2) and 1539). Generally, the USFWS manages land and freshwater
species while NMFS manages marine species, including anadromous salmon. However, the USFWS has
responsibility for some marine animals such as nesting sea turtles, walrus, polar bears, sea otters, and
manatees.

For actions that may result in prohibited “take” of a listed species, federal agencies must obtain
authorization for incidental take through Section 7 of the ESA’s formal consultation process. Under the
ESA, “take” means to “harass, harm, pursue, hunt, shoot, wound, Kill, trap, capture, or collect, or attempt
to engage in any such conduct” to species listed as threatened or endangered in 16 U.S.C. § 1532(19).
NMFS has further defined harm as follows: “harm” is “...an act which actually Kills or injures fish or
wildlife. Such an act may include significant habitat modification or degradation which actually kills or
injures fish or wildlife by significantly impairing essential behavioral patterns, including, breeding,
spawning, rearing, migrating, feeding or sheltering” (50 CFR 222.102). NMFS has not defined the term
“harass” under the ESA.
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Under Section 7 of the ESA, federal agencies consult with the USFWS and/or NMFS and submit a
consultation package for proposed actions that may affect listed species or critical habitat. If a listed
species or critical habitat is likely to be affected by a proposed federal action, the federal agency must
provide the USFWS and NMFS with an evaluation whether or not the effect on the listed species or
critical habitat is likely to be adverse. The USFWS and/or NMFS uses this documentation along with any
other available information to determine if a formal consultation or a conference is necessary for actions
likely to result in adverse effects to a listed species or its designated critical habitat. If a federal action is
likely to adversely affect endangered or threatened species or designated critical habitat, then USFWS
and/or NMFS prepares a Biological Opinion, which makes a determination as to whether the action is
likely to jeopardize an endangered or threatened species. If take is anticipated, the USFWS and/or NMFS
must also issue an Incidental Take Statement, which includes terms and conditions and reasonable and
prudent measures which must be followed.

1.8.5 Marine Mammal Protection Act

Under the MMPA (16 U.S.C. §1361 et seq.), the taking of marine mammals without a permit or
exception is prohibited. The term, “take” under the MMPA, means “to harass, hunt, capture, or kill, or
attempt to harass, hunt, capture, or kill any marine mammal.” The MMPA defines “harassment” as “any
act of pursuit, torment, or annoyance which (i) has the potential to injure a marine mammal or marine
mammal stock in the wild [Level A harassment]; or (ii) has the potential to disturb a marine mammal or
marine mammal stock in the wild by causing disruption of behavioral patterns, including, but not limited
to, migration, breathing, nursing, breeding, feeding, or sheltering [Level B harassment]”.

In order to obtain an exemption from the MMPA's prohibition on taking marine mammals, a citizen of the
U.S. who engages in a specified activity (other than commercial fishing) within a specified geographic
region must obtain an ITA under Section 101(a)(5)(A) or (D) of the MMPA. An ITA shall be granted if
NMFS finds that the taking of small numbers of marine mammals of a species or stock by such citizen
will have a negligible impact on the affected species or stock(s) and will not have an unmitigable adverse
impact on the availability of the species or stock(s) for taking for subsistence uses. NMFS must base its
findings on the best scientific information available (50 CFR Part 216.102(a)). NMFS shall also
prescribe, where applicable, the permissible methods of taking and other means of affecting the least
practicable impact on the species or stock and its habitat (i.e. mitigation, monitoring and reporting of such
takings). ITAs may be issued as either (1) regulations and associated LOAs or (2) IHAs. IHAs can be
issued only when there is no potential for serious injury and/or mortality or where any such potential can
be negated through required mitigation measures.

As part of the MMPA authorization process, applicants are required to provide detailed mitigation plans
that outline what efforts will be taken to reduce negative impacts to marine mammals, and their
availability for subsistence use, to the lowest level practicable. In addition, MMPA authorizations require
that operators conduct monitoring, which must be designed to result in an increased knowledge of the
species and an understanding of the level and type of takings that result from the authorized activities.
Where the proposed activity may affect the availability of a species or stock of marine mammal for taking
for subsistence uses, the proposed monitoring plan must be independently peer reviewed pursuant to
16 U.S.C. § 1371(a)(5)(D), prior to issuance of the ITA.

1.8.6 Outer Continental Shelf Lands Act

The OCS Lands Act of 1953 (67 Stat. 462), as amended (43 U.S.C. § 1331 et seq. [2006]), established
federal jurisdiction over submerged lands on the OCS, seaward of State boundaries. Under the OCS
Lands Act, the USDOI is required to manage the leasing, exploration, development, and production of
mineral resources on the federal OCS. The OCS Lands Act established that OCS development proceed in
a safe and efficient manner that provides for environmental protection, fair and equitable returns to the
public, state and local participation in policy and planning decisions, and resolution of conflicts related to
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other ocean and coastal resources and uses. In 1978, Congress amended the OCS Lands Act, 43 U.S.C.
8§ 1331-1356a, 1801-1802, to provide for the “expedited exploration and development of the [OCS],” in
a manner that balances the need “to make such resources available to meet the Nation’s energy needs as
rapidly as possible... with protection of the human, marine, and coastal environments.” BOEM and
BSEE regulations implementing the OCS Lands Act are at 30 CFR Chapters Il and V.

1.8.7 Magnuson-Stevens Fishery Conservation and Management Act

Federal agencies are required to consult with the Secretary of Commerce with respect to any action
authorized, funded, or undertaken, or proposed to be authorized, funded, or undertaken, by such agency
that may adversely affect essential fish habitat (EFH) identified under the Magnuson Stevens Fishery
Conservation and Management Act (MSFCMA).

1.8.8 Coastal Zone Management Act

The Coastal Zone Management Act (CZMA) encourages coastal states to develop comprehensive
programs to manage and balance competing uses of and impacts to coastal resources. The CZMA
emphasizes the primacy of state decision-making regarding the coastal zone. Section 307 of the CZMA
(16 U.S.C. §1456), called the federal consistency provision, is a major incentive for states to join the
national coastal management program and is a powerful tool that states use to manage coastal uses and
resources and to facilitate cooperation and coordination with Federal agencies.

Federal consistency is the CZMA requirement where federal agency activities that have reasonably
foreseeable effects on any land or water use or natural resource of the coastal zone (also referred to as
coastal uses or resources and coastal effects) must be consistent to the maximum extent practicable with
the enforceable policies of a coastal state's federally-approved coastal management program.

As of 12:01 AM, Alaska Standard Time, on July 1, 2011, the Alaska Coastal Management Program
(ACMP) authorities in AS 46.39, AS 46.40, and other uncodified laws relating to the ACMP were
automatically repealed. At that point, the regulations at 11 Alaska Administrative Code (AAC) 110, 11
AAC 112, and 11 AAC 114 and the local coastal management plans lost their statutory authority and
became unenforceable. As such, coastal zone management will not be carried forward for analysis in
Chapter 4.

1.8.9 Clean Air Act

The Clean Air Act (43 U.S.C. § 7401, et seq.) governs the control of air pollutant emissions from both
stationary and mobile sources. Under the Clean Air Act, EPA is authorized to establish National Ambient
Air Quality Standards (NAAQS) to limit the concentration of harmful air emissions that, when occurring
in sufficient concentrations, can harm human life and wildlife. The Clean Air Act established two types
of standards. Primary standards set limits to protect public health, including the health of "sensitive"
populations such as asthmatics, children, and the elderly. Secondary standards set limits to protect public
welfare, including protection against visibility impairment, damage to animals, crops, vegetation, and
buildings.

The Clean Air Act has been amended several times since the first version in 1963. The 1990
Amendments transferred the authority to control emissions caused by oil and gas activities on the Alaska
OCS, the Atlantic OCS, and the Pacific OCS from the Department of the Interior to the EPA. The Interior
maintained jurisdiction only in areas of the Central and Western Gulf of Mexico OCS Region. However,
on December 23, 2011, an amendment to the Clean Air Act Section 328 transferred authority for the
control of oil and gas-related emissions on the Arctic OCS back to the Department of the Interior through
the Consolidated Appropriations Act, 2012 (Public Law 112-74). The other Alaska OCS Planning Areas
remain under EPA jurisdiction.
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EPA’s requirements for air pollution on the OCS differ depending on location. For sources located within
25 miles of a state’s seaward boundary, requirements are based on state rules. For sources located beyond
25 miles, federal requirements apply. The state or local air pollution control agency may request
delegation from EPA to implement the air pollution control program within 25 miles of a state’s seaward
boundary on the OCS, including air permitting. The State of Alaska has delegated authority from EPA for
onshore sources and sources within three miles, but has not requested delegation for OCS sources.
BOEM regulates the air quality impacts of any newly-proposed OCS sources associated with proposed
exploration plans (or development and production plans). BOEM regulations regarding the control of air
emissions are found at 30 CFR Part 550.

1.8.10 Clean Water Act

The Clean Water Act (CWA) has several sections or programs applicable to activities in offshore waters.
Section 402 of the CWA authorized EPA to administer the National Pollutant Discharge Elimination
System (NPDES) permit program to regulate point source discharges into waters of the United States.

Section 403 of the CWA requires that EPA conduct an ocean discharge criteria evaluation for discharges
to the territorial seas, contiguous zones, and the oceans. The Ocean Discharge Criteria (40 CFR Part 125,
Subpart M) set forth specific determinations of unreasonable degradation that must be made before permit
issuance. On October 29, 2012, EPA issued two general permits for exploration discharges to the
Beaufort and Chukchi Seas, permit numbers AKG-28-2100 and AKG-28-8100, respectively. The general
permits authorize discharges from thirteen categories of waste streams, subject to effluent limitations,
restrictions, and requirements. The general permits became effective on November 28, 2012, and are
effective for five years. The permits require operators to submit Notices of Intent to EPA requesting
authorization to discharge at least 120 days prior to commencing discharges.

The U.S. Coast Guard (USCG) has also promulgated regulations implementing the CWA (33 CFR Part
151).

1.8.11 National Historic Preservation Act of 1966

The National Historic Preservation Act of 1966 (NHPA), specifically Section 106, requires federal
agencies to take into account the potential effects of their actions on properties that are listed or are
eligible for listing on the National Register of Historic Places (historic properties), and to consult with
State Historic Preservation Officers and local governments regarding the effects of federal actions on
historic properties. Known historic properties (i.e. archaeological resources) on the Beaufort Sea OCS
and Chukchi Sea OCS include historic shipwrecks, sunken aircraft, lighthouses, and prehistoric
archaeological sites that have become inundated due to the rise in global sea level since the peak of the
last ice age, around 19,000 years ago.

1.8.12 Executive Order 12898: Environmental Justice

EO 12898, signed by the President on February 11, 1994, and published February 16, 1994 (59 FR 7629),
requires that federal agencies make achieving “environmental justice” part of their mission by identifying
and addressing disproportionately high and adverse human health or environmental effects of their
programs, policies, and activities on minority populations and low income populations in the U.S. Many
Alaska Natives harvest marine mammals for subsistence purposes and benefit from their continued
existence. The effects of the federal action on minority populations are described in Chapter 4.
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1.8.13 Executive Order 13175: Consultation and Coordination with Indian Tribal
Governments

This EO, signed by the President on November 6, 2000, and published on November 9, 2000 (65 FR
67249), is intended to establish regular and meaningful consultation and collaboration between federal
agencies and federally recognized tribal governments in the development of federal regulatory practices
that significantly or uniquely affect their communities. In preparing this EIS, NMFS has initiated a
government-to-government consultation process with affected federally recognized tribal governments.
On January 29, 2010, letters were sent from NMFS to federally recognized Alaska Native tribes within
the EIS project area, including the Native Village of Kotzebue, the Native Village of Point Hope, the
Native Village of Point Lay, the Inupiat Community of the Arctic Slope, the Native Village of Barrow,
the Native Village of Kaktovik, the Native Village of Nuigsut, and the Wainwright Traditional Council,
initiating government-to-government consultations and inviting those governments to participate in the
EIS process. The letters provided some background information on the history of the project and the
proposed action. The stated goal is to work collaboratively with tribal governments in the area of the U.S.
Beaufort and Chukchi seas in order to explore ways that the energy development in the Arctic can best
co-exist with the subsistence culture and way of life. NMFS has worked with several ANOs during the
development of this EIS. Both BOEM and NMFS value the contribution that Alaska Native traditional
ecological knowledge and experience can provide with regard to understanding marine mammals and the
environment in general. On August 10, 2012, DOI established a policy on Consultation with Alaska
Native Claims Settlement Act Corporations. The DOI policy is read in conjunction with the existing DOI
policy on Consultation with Indian Tribes.

1.8.14 State of Alaska Administrative Code (Title 18, Chapter 50 — Air Quality
Control)

Certain Alaska Department of Environmental Conservation (ADEC) rules are applicable to offshore areas
within 25 kilometers (km) (16 mi) of Alaska’s seaward boundary. The EPA applies the corresponding
onshore area rules to these areas. Title 18 of Alaska Administrative Code (AAC) Chapter 50 provides for
air quality control including permit requirements, permit review criteria, and regulation compliance
criteria. These regulations also may apply to possible onshore facilities as well.

1.8.15 Co-management Agreements

Through Section 119 of the MMPA, NMFS and the USFWS were granted authority to enter into
cooperative agreements with ANOs, including, but not limited to, Alaska Native Tribes and tribally
authorized co-management bodies. Individual co-management agreements shall incorporate the spirit and
intent of co-management through close cooperation and communication between federal agencies and the
ANOs, hunters, and subsistence users. Agreements encourage the exchange of information regarding the
conservation, management, and utilization of marine mammals in U.S. waters in and around Alaska.

Under Section 119 agreements, marine mammal stocks should not be permitted to diminish beyond the
point at which they cease to fulfill their role in their ecosystem or to levels that will not allow for
sustainable subsistence harvest. Agreements may involve: (1) developing marine mammal co-
management structures and processes with federal and state agencies; (2) monitoring the harvest of
marine mammals for subsistence use; (3) participating in marine mammal research; and (4) collecting and
analyzing data on marine mammal populations.

NMFS currently has three co-management agreements with Alaska Native groups specific to species
found in the U.S. Beaufort and Chukchi seas and which are relevant to the scope of this EIS. Those
agreements are with the Alaska Beluga Whale Committee for Western Alaska beluga whales, with the
AEWC for the Western Arctic stock of bowhead whales (also known as the Bering-Chukchi-Beaufort
stock), and with the Ice Seal Committee for the Alaska stocks of ringed, bearded, spotted, and ribbon
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seals. The NOAA-AEWC cooperative agreement is entered into under Section 112(c) of the MMPA and
the Whaling Convention Act.

1.9 Organization of the Document

The format and content of this document was guided by the CEQ regulations at 1502.10 and NOAA
NEPA guidance. The EIS includes the following sections:

Cover Page

Dear Reviewer Letter
Executive Summary
Table of Contents
Acronym List

1.0 Purpose and Need

e Summarizes the purpose and need for the Proposed Action, the major issues, background actions,
pertinent laws and regulations, and the decisions to be made.

2.0 Proposed Action and Alternatives
o Describes and compares the Proposed Action and a range of reasonable alternatives.
o Lists alternatives considered but rejected from detailed analysis.

o Describes project activities that will be considered, as well as potential mitigation measures to be
applied.

3.0 Affected Environment

e Describes the current condition of relevant resources in the EIS project area and establishes the
baseline for comparing the predicted effects of the alternatives.

4.0 Environmental Consequences

e Analytically predicts and compares the consequences to relevant resources from implementing
each alternative.

e The predictions include the direct, indirect, and cumulative effects of each alternative.
5.0 NEPA Compliance Implementation and Recommendations

e Outlines how NMFS will implement the EIS procedurally, including descriptions of adaptive
management components and additional mitigation measures that could be utilized.

6.0 Consultation and Coordination

e Documents scoping, meetings, compliance with consultation requirements, and preparers of the
EIS.

7.0 References
e Lists the documents and other sources used to prepare the EIS.
8.0 Glossary

e Contains useful definitions of terms found in the EIS.
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Figures
e Contains all project figures and maps.
Appendices

e Includes important documents concerning the Proposed Action, public involvement, and
consultation and coordination activities.
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2.0 PROPOSED ACTION AND ALTERNATIVES

2.1 Introduction

This chapter describes the range of potential alternatives evaluated and those determined reasonable to
meet the purpose and need of the proposed action as described in Chapter 1. These alternatives include
the No Action alternative (no issuance of geological and geophysical (G&G) permits or authorizations of
ancillary activity notices by the Bureau of Ocean Energy Management (BOEM) under the Outer
Continental Shelf (OCS) Lands Act and no marine mammal take authorizations incidental to oil and gas
exploration activities issued by the National Marine Fisheries Service (NMFS)) and five action
alternatives that would allow for the issuance of G&G permits and authorization of ancillary activity
notices under the OCS Lands Act and marine mammal incidental take authorizations (ITAs) under the
Marine Mammal Protection Act (MMPA) associated with a range of oil and gas exploration activities.
NMFS’ consideration of issuance of MMPA ITAs is for activities in both the OCS and in State of Alaska
waters.

2.2  lIssues Considered in Developing the Alternatives

The first step in preparing an environmental impact statement (EIS) is publishing a Notice of Intent (NOI)
in the Federal Register (FR). On February 8, 2010, the NOI announcing the preparation of this EIS was
published (75 FR 6175), requesting public participation in the scoping process for 60 days. The public
comment period ended on April 9, 2010. In addition to providing background information on the purpose
of issuing MMPA authorizations for the incidental take of marine mammals, the NOI provided a list of
issues on which NMFS was seeking public input. These issues included:

Protection of subsistence resources and Ifiupiat culture and way of life;

Disturbance to bowhead whale migration patterns;

Impacts of seismic operations on marine fish reproduction, growth, and development;

Harassment and potential harm of wildlife, including marine mammals and marine birds, by
vessel operations, movements, and noise;

Impacts on water quality;

Changes in the socioeconomic environment;

Impacts to threatened and endangered species;

Impacts to marine mammals, including disturbance and changes in behavior;

Incorporation of traditional knowledge in the decision-making process; and

Efficacy and feasibility of marine mammal monitoring and other mitigation and monitoring
measures.

Public scoping meetings were held in all of the coastal Alaskan communities affected by the proposed
action, as well as Anchorage, on the following dates:

Kotzebue — February 18, 2010
Point Hope — February 19, 2010
Point Lay — February 22, 2010
Wainwright — March 9, 2010
Barrow — March 10, 2010
Nuigsut — March 11, 2010
Kaktovik — March 12, 2010
Anchorage — March 23, 2010

In a separate but parallel process for government-to-government consultation, federally-recognized Tribal
governments in each North Slope community were notified of the EIS process and invited to participate.
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The first contact was via letter, dated January 29, 2010; follow-up calls were made with the potentially
affected Tribal governments, and each entity was visited during the scoping process. The Scoping
Comment Analysis Report (CAR) (see Appendix C in the 2011 Draft EIS) includes comments received
during the scoping period as a result of government-to-government consultation between NMFS, BOEM,
and the Tribal governments.

Table 2.1 presents a summary of the substantive comments about alternatives and mitigation measures
NMFS may require in their ITAs that were raised during public scoping meetings and submitted to NMFS
during the public comment period. A more complete presentation of formal comments received during
the scoping process is included in Appendix C of the 2011 Draft EIS.

Many of the comments received during the public comment period for the 2011 Draft EIS were similar to
issues raised during the public scoping period in early 2010. Issues raised by the public during the 60-day
comment period (from December 30, 2011, through February 28, 2012) include:

Concerns related to public participation and review process;

Compliance with NEPA, the MMPA, and other applicable statutes;

Inadequacy with the range of alternatives;

Improper dismissal of alternatives;

Inadequacy of description and analysis of certain physical, biological, and social resources and
failure to include newer data; and

o Insufficient analysis and information related to the effectiveness and implementation of
mitigation measures.

As noted in Chapter 1, NMFS has revised the range of alternatives, provided additional analysis regarding
effectiveness and practicability for implementation of mitigation measures considered in this EIS, and
updated baseline descriptions of affected resources and analyses of potential impacts to affected resources
with newer literature and data based on comments received from the public. The Final EIS will include
an appendix that contains a summary of comments and responses received on the 2011 Draft EIS and this
Supplemental Draft EIS.
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2.3 Oil and Gas Exploration Activities Evaluated in the EIS

2.3.1 BOEM Process for Permitting

In addition to applying for an ITA from NMFS, industry applicants will work closely with other federal
and state agencies to obtain additional permits and authorizations. The permits and authorizations
required by BOEM guide the progression of exploration activities. It is important to understand this
progression of activities as they are approved and permitted, as it can help explain the timing, stages, and
sequence of exploration for offshore oil and gas resources. The following summarizes these processes, as
it pertains to a description of these types of exploratory activities:

e Geological & Geophysical (G&G) Exploration Permits — In accordance with 30 CFR Part 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 (someone other than the applicant).
On-lease G&G exploration can be conducted under a G&G permit or an Ancillary Activity
Notice in accordance with 30 CFR Part 550 Subpart B.

o Ancillary Activities — These on-lease geological and geophysical activities include shallow
hazards and site clearance surveys and two-dimensional (2D) and/or three-dimensional (3D) deep
penetration seismic. Ancillary activities also include on-lease geotechnical sampling; however,
these activities are not addressed in this EIS. A notice of proposed ancillary activities must be
submitted to BOEM, which conducts technical and environmental review to ensure that the
ancillary activities comply with the performance standards listed in 30 CFR Part 550.202(a), (b),
(d), and (e). The data and information acquired through the ancillary activities are required in
support of an Exploration Plan (EP). Ancillary activities are conducted in accordance with 30
CFR Part 550.

o Exploration Plans — Before exploration drilling can be conducted on a lease(s), an EP must be
submitted to BOEM (30 CFR Part 550 Subpart B). The EP must include information on the
timing and location(s) of the proposed activity, a plan of operations, the affected environment,
and the potential effects on the environment. BOEM conducts a technical and environmental
review of the proposed EP and may approve a proposed EP only if the exploration activities
described therein comply with the performance standards in 30 CFR Part 550.202.

o Application for Permit to Drill (APD) — No drilling may commence without an approved APD.
An approved EP, along with all other necessary federal permits, is a prerequisite for APD
approval. Authority to review and approve APDs belongs to BSEE.

The permitting process listed above shows a general progression or sequence of events that occurs during
OCS oil and gas leasing and exploration as companies seek to locate hydrocarbon deposits that could be
developed in the future after further evaluation by the agencies. If development and production are
proposed at some later point, Federal agency decisions regarding those activities will be informed by
additional NEPA documents that take into account current conditions and specific project plans. The data
and information gathered during OCS activities determine the activities likely to occur in subsequent
years.

The following bulleted narrative summarizes how oil and gas prospects on the Beaufort Sea OCS and
Chukchi Sea OCS are typically identified, leased, and explored:

e The first step is to search for prospective areas that could contain hydrocarbon accumulations.
This is primarily accomplished using deep penetration seismic surveying techniques. Companies
conduct 2D or 3D geophysical seismic surveys to identify areas of interest. Deep penetration
seismic surveying techniques are used to provide broad-scale information over a relatively large
area. The results of these surveys may indicate areas of potential hydrocarbon accumulations.
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Companies can invest in these surveys either in advance of a lease sale (to help advise their
bidding or other decisions) or on speculation to sell to other companies later. Lessees may also
conduct these surveys to further evaluate leases acquired in a lease sale and the surrounding area
prior to drilling. Gravity, magnetic, and electromagnetic surveys may also be conducted. Under
the OCS Lands Act, BOEM has the right to copies of any data and information resulting from
exploration activities conducted under a G&G permit. BOEM in turn uses these data to
determine the fair market value of a potential lease block bid for the lease sale.

Once companies have identified hydrocarbon prospects, they submit bids for leases in a lease
sale, where exploration and development rights are conveyed. The competitive lease sale awards
leases on individual blocks to the highest bidders. Some companies bid on and acquire leases on
contiguous blocks that cover what they consider a large prospect. Other companies may win
leases in or near these prospective areas as well. Past lease sales in the Beaufort and Chukchi
seas have resulted in a mosaic of lease ownership clustered over prospects. After obtaining a
lease, companies may conduct 3D deep penetration seismic surveys and may also add controlled
source electromagnetic (CSEM) studies to further define prospects and select proposed drilling
locations.

Prior to submitting an EP and drilling a well, companies are required to conduct shallow hazards
surveys (also called “site clearance” or “high-resolution geophysical surveys™) to provide
information on water depth, seafloor morphology, near-surface morphology, potential shallow
faults or gas zones, depth and distribution of ice gouges in the seabed, and other natural or
manmade hazards. These shallow hazards surveys are used to evaluate the near-surface geology,
locate shallow hazards, obtain engineering data for drilling or placement of structures (platforms
and pipelines), and detect archaeological resources and certain types of benthic communities.
These surveys may be conducted over portions of individual lease blocks (about 3 mi x 3 mi) or
several contiguous lease blocks, depending on the exploration targets of the company. These
surveys would typically need to be completed at least one season in advance of submittal of an
EP and a drilling operation. Companies may also use high resolution geophysical equipment to
survey off-lease areas for possible subsea pipeline routes.

Based on the evaluation of 2D/3D seismic data and shallow hazard surveys, companies may
propose in the EP to drill one or more exploration (test) wells in the area of interest. The type of
drilling rig used depends on water depth, sea ice conditions, ice-resistance of the rigs, and unit
availability. Data obtained from drill cuttings, well cores, and various measurements in the
borehole are used by industry to evaluate the properties of the geologic formations (porosity,
permeability, fluid content, potential flow rates, etc.) to inform decisions on whether to pursue
additional drilling and eventually possible economic development. Vertical seismic profiling
(VSP) of the well could be conducted to verify the acoustic properties of the various geologic
formations to facilitate correlations with the seismic survey data.

All of these operations require some form of additional support, such as crew change and supply vessels,
ice-management vessels, oil spill response equipment, fuel barges, aircraft, and staging areas. Therefore,
the description of each activity in the following sections will identify the associated typical support

operations. Table 2.2 summarizes the support vessels and operations associated with each activity.

Table 2.2 Summary of Typical Support Operations for Exploration Activities

Activity Typical Support Operations

Marine streamer 2D and 3D surveys e 1 source/receiver vessel
e 1 support vessel
e Likely 1 vessel for monitoring

Effects of Oil and Gas Activities in the Arctic Ocean Supplemental Draft Environmental Impact Statement
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Activity Typical Support Operations
Multi-azimuth seismic survey e 1 source /receiver vessel
(multiple passes in different directions 1 support vessel
with one source/receiver vessel) e Likely 1 vessel for monitoring
Wide-azimuth seismic survey e 2to 4 source vessels
(multiple passes with multiple source e 1to 2 receiver vessels
vessels and at least one receiver vessel e 1 support vessel
e 1 vessel for monitoring
Rich-azimuth seismic survey e 2to 4 source vessels
(multiple passes with multiple source e 1to 2 receiver vessels
vessels and at least 1 receiver vessel) e 1 support vessel
e 1 vessel for monitoring
Full-azimuth coil-pattern seismic survey  |[e 1 source/receiver vessel
(single source/receiver vessel) e 1 support vessel
e Likely 1 vessel for monitoring
In-ice seismic survey e 1 source/receiver vessel
e licebreaker
e Possible 1 support vessel
Ocean-bottom cable surveys e 2 vessels for cable layout/pickup
e 1 recording vessel
e 1to 2 source vessels
e 1to 2 small support vessels
Ocean-bottom node survey e 2 source vessels
e 1-3 node deployment vessels
e 1 vessel for support monitoring
High-resolution airgun surveys e 1 source/receiver vessel
e Possible 1 vessel for monitoring
High-resolution sonar surveys e 1 source vessel
On ice vibroseis e  Truck-mounted vibrators over ice
e No vessels
Electromagnetic surveys e 1 receiver/layout/pickup source vessel
Artificial island drilling e Sea lift or ice road operations to transport
drilling rig and support modules
e Drilling on island
e  Small support vessels
e Aircraft for crew changes
Steel-drilling caisson drilling e Modified very large crude carrier vessel
e  2-3tugs and supply to and from drill site
e Aircraft for crew changes
Effects of Oil and Gas Activities in the Arctic Ocean Supplemental Draft Environmental Impact Statement 2-7
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Activity Typical Support Operations

Drillship

1 or 2 icebreakers

1 anchor handler

1 or 2 oil spill response barge and tug
Tank vessel for spill storage

2-3 support vessels

Aircraft for crew changes

Exploratory Drilling Program
from a Drillship or Floating Drilling Unit

Exploratory Drilling Program
from a Jackup rig

Jackup rig

1 or 2 icebreakers

1 or 2 oil spill response barge and tug
Tank vessel for spill storage

2-3 support vessels

Aircraft for crew changes

2.3.2 Overview of Commercially-Available Geophysical Survey Methods

2.3.2.1 Background

Seismic exploration is used in the search for commercially and economically valuable subsurface deposits
of crude oil, natural gas, and minerals. Recording, processing, and interpreting reflected seismic waves,
created by introducing controlled source energy (such as seismic airgun impulses, and vibratory waves)
into the earth, provides a means to develop geological models to aid in resource evaluation.

Seismic surveys can be characterized by the type of data being collected (e.g. 2D, 3D, high-resolution,
etc.) or by the type of survey being conducted (e.g. open-water towed marine streamer, ocean-bottom
cable, in-ice towed streamer, over ice, etc.). Survey data may be described by the acoustic sound source
(e.g. airgun, water gun, sparker, pinger) or by the purpose for which the data are being collected (e.g.
speculative shoot, exclusive shoot, site clearance, ancillary activity for exploration).

Seismic surveys may also be described by the configuration of the survey and/or the location of the
receivers. Vertical seismic profiling, in which the hydrophone is located in a borehole, and vertical cable
surveys are conducted only as part of a drilling program. Both use standard seismic sources and do not
need to be discussed in detail separately from standard seismic surveys. The analysis in Chapter 4 of
potential impacts of airgun use on the human environment is applicable for all types of surveys.

Multi-azimuth and full-azimuth coil pattern surveys also use a standard source and single source/receiver
vessel. During multi-azimuth surveys, the survey is designed so the vessel acquires data in several
directions over the same survey location. The lines are not necessarily perpendicular. Full-azimuth coil
patterns are run in circles like a spirograph around a center point. These two survey patterns do not need
to be discussed separately from the standard seismic surveys.

A wide-azimuth survey consists of multiple source vessels and at least one receiver vessel run in a typical
parallel survey configuration. A rich-azimuth survey incorporates both the multiple source vessel wide-
azimuth type survey with a multi-azimuth survey configuration. None of the azimuth style surveys have
been performed in the Arctic OCS to date primarily because of the cost of these types of surveys and no
significant information gain for the extra cost. However, they are common in the rest of the world. No
wide- or rich-azimuth surveys are expected to be conducted in the Arctic in the foreseeable future;
therefore, they will not be discussed further in this document.

The most commonly used marine energy sources are airguns, which emit highly compressed air bubbles
that transmit acoustic energy though the water column into the subsurface. Seismic waves reflect and
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refract off subsurface rock formations and travel back to acoustic receivers called hydrophones.
Streamers are passive listening equipment, consisting of multiple hydrophone elements, which are towed
behind the vessel. The characteristics of the reflected seismic waves (such as travel time and intensity)
are used to evaluate geologic structures, subsurface deposits, and natural resources to help facilitate the
location of prospective drilling targets and provide the information for a company to determine their
bidding strategy for an OCS lease sale. The seismic information would also be used to optimize the
location of drilling operations on leases to reduce safety and environmental risks.

An individual airgun size can range from five to 1,500 cubic inches (in®) (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. Airgun array sizes for 2D/3D deep penetration seismic surveys in the
Arctic Seas are expected to range from 1,800 to 5,000 in® (29.50 to 81.94 liters) but may range up to
6,000 in® (98.32 liters). Appendix B provides details on the acoustic characteristics of each of these
exploration methods, including source levels, frequency, propagation, and the effect of environmental
factors on these characteristics. However, in general, broadband peak source levels of a typical full-scale
array range from 248 to 255 dB re 1 pPa at 1 m with most of the energy emitted between 10 and 120 Hz,
although pulses may contain energy up to 1,000 Hz (Richardson et al. 1995).

2.3.2.2 Marine Deep Penetration Towed-Streamer 3D and 2D Surveys

Marine deep penetration towed-streamer 3D seismic surveys vary markedly depending on client
specifications, subsurface geology, water depth, and target reservoir(s). Individual survey parameters
may vary from the descriptions presented here. The vessels conducting these surveys generally are 70 to
120 meters (m) (230 to 394 feet [ft]) long. Vessels typically tow one to three source arrays, of six to nine
airguns 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 in wide or rich
azimuth surveys or 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 the permitted
activity will be the same, but the firing of the source arrays on the individual vessels will be alternated.

Vessel transit speeds are highly variable, ranging from 8 to 20 knots (kn) (14.8 to 37.0 kilometers
[km]/hour) depending on a number of factors including, but not limited to, the vessel itself, sea state,
urgency (the need to run at top speed versus normal cruising speed), and ice conditions. Marine 3D and
2D surveys are acquired at typical vessel speeds of approximately 4.5 kn (8.3 km/hour).

The source array is triggered approximately every 10 to 15 seconds (s), depending on vessel speed. 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 (82 or 123 ft) 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
(4,921 ft) between outermost streamers. Biodegradable liquid paraffin, kerosene, and solid/gel are
materials used to fill the streamer and provide buoyancy.

The 3D survey data are acquired along a survey grid of pre-plotted tracklines (i.e. a pre-determined line
along which the source vessel travels at a constant speed to effectively transmit sound to the bottom in a
manner that allows for predictable receipt of acoustic reflections at the receiver cable) within a specific,
permitted, survey area. Adjacent tracklines for a 3D survey are generally spaced parallel to each other
several hundred meters apart. The areal extent of the equipment limits both the turning speed and the area
a vessel covers in one pass. It is, therefore, common practice to acquire data using an offset racetrack
pattern, whereby the next acquisition line is several km away from, and traversed in the opposite direction
of, the track line just completed. Seismic vessels operate day and night, and a survey may continue for
days, weeks, or months, depending on the size of the survey, data-acquisition capabilities of the vessel,
and weather or ice conditions. Vessel operation time includes not only data collection but also
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deployment and retrieval of gear, line turns between survey lines, equipment repair, and other planned or
unplanned operations.

The 2D and 3D surveys use similar survey methods but different operational configurations. Three
dimensional survey lines are spaced closer together and are concentrated in a specific area of interest.
These surveys provide the resolution needed for detailed geological evaluation. A 2D survey provides
less detailed geological information because the survey lines are spaced farther apart. These surveys are
used to cover wider areas to map geologic structures on a regional scale.

The 2D seismic survey vessels generally are smaller than 3D survey vessels; however, the larger 3D
survey vessels are also able to conduct 2D surveys. The source array typically consists of three or more
sub-arrays of six to eight airgun sources each, but may vary as newer technology is developed. Only one
streamer is towed during 2D operations. Figure 2.1 illustrates a typical 2D marine towed-streamer
seismic survey.

Seismic vessels acquiring 2D data are able to acquire data at four to five kn (7.4 to 9.3 km/hour), 24 hours
a day, and collect between 85 to 110 line-miles (mi) (137 to 177 line-km) per day, depending on the
distance between line changes, weather conditions, and downtime for equipment problems. Typically, a
survey vessel can collect 5,000 to 8,000 line-mi (8,047 to 12,875 line-km) during an open water seismic
operational season in Arctic waters.

At least one support vessel would be used for safety considerations, general support, maintenance, and
resupply of the main vessel, but it would not be directly involved with the collection of seismic data.
Crew changes, refueling, and resupply for the seismic vessels are generally on a four to six week
schedule. Helicopters, when available, also may be used for vessel support and crew changes, if there are
no safety concerns. An additional support vessel may be used to monitor for marine mammals ahead of
the survey vessel. For operational purposes, BOEM requires that all deep penetration seismic surveys
maintain a minimum spacing of 24.1 km (15 mi) between source vessels when actively shooting. This is
an operational constraint to prevent acoustic interference during data acquisition and has no special
biological significance.

2.3.2.3 In-Ice Towed-Streamer 2D/3D Surveys

A change in technology has allowed geophysical (seismic reflection and refraction) surveys to be
conducted in greater 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 currently uses a 2D seismic source vessel and an icebreaker. The icebreaker generally
operates ~0.5 to 1 km (~0.3 to 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/hour). Like open-water 2D surveys, in-ice surveys operate 24 hours
a day or as conditions permit. A third vessel may be used for one or more support trips as conditions
allow during the length of the survey. The possibility exists that within the life of this EIS, equipment
could be developed to allow towing of multiple streamers in ice covered waters, thus facilitating the
ability to conduct 3D surveys in ice. This EIS analyzes effects from both 2D and 3D in-ice towed
streamer surveys.

The in-ice seismic airgun arrays are similar to those used in open water marine surveys, as is the streamer.
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 km (6.2 mi) run-in for the start of a seismic line, and a 4 to
5 km (2.5 to 3.1 mi) run-out at the end of the line.
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2.3.2.4  Ocean-Bottom Receiver Seismic Surveys
Ocean-bottom Cable Seismic Surveys

Ocean-bottom cable (OBC) seismic surveys are used in Alaska primarily to acquire seismic data in
transition zones where water is too shallow for a towed marine streamer seismic survey vessel and too
deep to have grounded ice in the winter. The OBC seismic survey requires the use of multiple vessels. A
typical survey includes: (a) two vessels for cable layout/pickup; (b) one vessel for recording; (c) one or
two source vessels; and (d) possibly one or two smaller utility boats.

Most operations use a single source vessel, but multiple source vessels may be used if size prohibits
loading the full airgun array required for the survey on one vessel. The overall energy output for the
permitted activity would be the same for a two vessel shoot, as the source arrays alternate vessels when
firing. These vessels are generally, but not necessarily, smaller than those used in towed-streamer
operations. OBC seismic arrays are frequently smaller in size than the towed marine streamer arrays due
to the shallower water depths in which OBC surveys are usually conducted. The utility boats can be
small, in the range of 10 to 15 m (33 to 49 ft).

An OBC operation begins by laying cables off the back of the layout boat. Cable length typically is 4 to
6 km (2.5 to 3.7 mi) but can be up to 12 km (7.5 mi). Groups of dual component (2C) or multiple
component (4C) seismic-survey receivers (a combination of both hydrophones and vertical-motion
geophones) are attached to the cable in intervals of 12 to 50 m (39 to 164 ft). Multiple cables are laid on
the seafloor parallel to each other using this layout method, with a cable spacing of between hundreds of
meters to several kilometers, depending on the geophysical objective of the seismic survey. When the
cable is in place, a vessel towing the source array passes over the cables with the source being activated
every 25 m (82 ft). The source array may be a single or dual array of multiple airguns, which is similar to
the 3D marine seismic survey. Figure 2.2 illustrates an OBC operation.

After a survey line is completed, the source ship takes about 10 to 15 minutes to turn around and pass
over the next cable. When a cable is no longer needed to record seismic survey data, it is recovered by
the cable-pickup ship and moved to the next recording position. A particular cable can lay on the seafloor
anywhere from two hours to several days, depending on operation conditions. Normally, a cable is left in
place for about 24 hours.

An OBC seismic survey typically covers a smaller area (approximately 16 by 32 km [10 by 20 mi]) and
may spend days in an area. In contrast, 3D towed-streamer seismic surveys cover a much larger area
(thousands of square miles) and stay in a particular area for hours. While OBC seismic surveys could
occur in the nearshore shallow waters of the Beaufort Sea, they are not anticipated to occur in the
Chukchi Sea OCS because of its greater water depths and the exclusion of the near shore OCS area from
leasing. Recent technological developments have been introduced that provide improved operational
flexibility for equipment deployment, recovery, and data collection in the field, but the costs are high
compared to streamer-collected data.

Ocean-bottom Node Seismic Surveys

Ocean-bottom Node (OBN) surveys, like the OBC surveys presented above, place receivers on the
seafloor instead of towing them behind a survey vessel. Seafloor seismometers, precursors to modern day
nodes, have been used in the academic community for crustal exploration for more than 70 years (Fisher
2004). However, the seismographs typically used to conduct these studies are not the best choice for
exploration/production seismic operations as they do not have the required precision (Ronen et al. 2007).
In the late 1990s, SeaBird Geophysical developed the first commercially available OBN system,
specifically tailored to the oil and gas industry (Durham 2010).

The OBNs used in oil and gas operations are four component (4C) receivers that include three orthogonal
geophones and one hydrophone, capable of measuring both shear (S) and compressional (P) waves, which
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cannot be done using 2C cables or towed streamers. The nodes are typically deployed in groupings called
patches, using Remotely Operated Vehicles in deep water and ropes/cables in shallower water. The
geologic target depth determines the node spacing and size of the patch. Generally, node spacing ranges
between 50 m and 500 m (164 ft and 1,640 ft). If enough nodes are available, large patches (160 to
250 km?) are collected as a single survey. However, a larger area can also be surveyed using smaller
patches (10 to 30 km?) with fewer nodes, which are combined to complete the entire survey (Ray et al.
2004, Beaudoin and Ross 2007, Chopra 2007, Duey 2007). An Ultra Short Baseline system (which
measures the distance and bearing from a transceiver mounted on a survey vessel to an acoustic
transponder at the node and combines these data with GPS, vessel heading and attitude) is commonly
used to calculate the node position.

To utilize the 4C nodes to their fullest capabilities, survey lines are not only run directly above the nodes
in the patch. Additional lines can be run at distances offset from the patch (at least 3 km to 20 km [1.9 mi
to 12.4 mi]) to provide wide-azimuth data. If lines are run in several different directions, multi-azimuth
data can also be collected. The distance between airgun shots is typically 50 m (164 ft) (Beaudoin and
Ross 2007, Smit et al. 2008, Smit 2010, Vazquez Garcia 2005).

Node technology has been used in the deepwater Gulf of Mexico in areas with abundant infrastructure to
image below salt (Smit et al. 2008, Baudoin 2010) and to perform 4D surveys (Reasnor 2010, Smit 2010).
Nodes have also been used to image offshore fields internationally in: Mexico (Vazquez Garcia 2005);
Angola (Lecerf 2010); Nigeria (Subsea World 2009); and West of the Shetland Islands (Oil Voice 2010).

In Alaska, OBNs in conjunction with land based nodes have been successfully tested in Cook Inlet to
evaluate the technology’s capability to image the transition zone, between shallow water and land, for oil
and gas exploration (Fairfieldnodal 2011). These nearshore/transition zone surveys typically require two
source vessels, up to three node deployment vessels, and a separate mitigation vessel. While this
technology has only been used in Cook Inlet so far, it is easily transferrable to the Beaufort or Chukchi
Sea.

This technology has the potential to: improve imagery associated with complicated oil and gas fields;
clarify lithology and predict fluids in reservoir rocks; increase oil recovery; and decrease development
risks (Enovation Resources 2011). It is reasonable to project that nodes could be used in the Arctic
during the life of this EIS.

2.3.2.5 High-Resolution Shallow Hazards Geophysical Surveys

Prior to submitting an exploration or development plan, oil and gas industry operators are required to
evaluate any potential geological hazards and document any potential cultural resources or benthic
communities pursuant to 30 CFR Part 550 Subpart B. BOEM provides guidelines in Notices to Lessees
(NTLs) that require the collection of high-resolution shallow hazards surveys to ensure safe conduct and
operations in the OCS at drill sites and along pipeline corridors, unless the operator can demonstrate there
is enough previously collected data to evaluate the site.

The suite of equipment used during a typical shallow hazards survey consists of: single beam and
multibeam echosounders which provide water depths and seafloor morphology; a side scan sonar that
provides acoustic images of the seafloor; a subbottom profiler which provides 20 to 200 m (66 to 656 ft)
sub-seafloor penetration with a 6 to 20 cm (2.4 to 7.9 inches [in]) resolution; a single channel seismic
system with 40 to 600 m (131 to 1,969 ft) sub-seafloor penetration; and a multichannel seismic system
with 1,000 to 2,000 m (3,280 to 6,562 ft) sub-seafloor penetration. Magnetometers, that detect ferrous
items, have not been required in the Alaska OCS to date due to the lack of metallic artifacts in the Arctic
OCS of Alaska. Typical acoustic characteristics of these sources are:

e Single beam echosounders: 180 to 205 dB re 1 pPa at 1 m between 3.5 and 1,000 kHz (Koomans
2009);
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o Multibeam echosounders: 216 to 242dB re 1puPa at 1 m between 180 kHz and 500 kHz
(Hammerstad 2005, HydroSurveys 2010);

e Side scan sonar: 194 to 249 dB re 1 puPa at 1 m between 100 and 1,600 kHz (HydroSurveys
2008, Dorst 2010);

e Subbottom profilers and single channel seismic: 200 to 250 dB re 1pPa at 1 m between 0.2 kHz
and 200 kHz (Laban et al. 2009, Richardson et al. 1995); and

e Multichannel seismic: 196 to 217 dB re 1 pyPa at 1 m between 0 and 200 Hz (NMFS 2008a,
2009, 2010; Richardson et al. 1995).

The echosounders and subbottom profilers are generally hull-mounted. All other equipment is usually
towed behind the vessel. The multichannel seismic system consists of an acoustic source which may be a
single small airgun 10 to 65 in® (0.16 to 1.1 liters) or an array of small airguns usually two or four 10 in®
(0.16 liter) guns. The source array is towed about 3 m (9.8 ft) behind the vessel with a firing interval of
approximately 12.5 m (41 ft) or every 7 to 8 s. A single 300 to 600 m (984 to 1,969 ft), 12 to 48 channel
streamer with a 12.5 m (41 ft) hydrophone spacing and tail buoy is the passive receiver for the reflected
seismic waves. Biodegradable liquid paraffin, kerosene, and solid/gel are materials used to fill the
streamer and provide buoyancy.

The ship travels at 3 to 4.5 kn (5.6 to 8.3 km/hour). These survey ships are designed to reduce vessel
noise, as the higher frequencies used in high-resolution work are easily masked by the vessel noise if
special attention is not paid to keeping the ships quiet. Surveys are site specific and can cover less than
one lease block. The survey extent is determined by the number of potential drill sites in an area. BOEM
recommends data be gathered on a 150 by 300 m (492 by 984 ft) grid within 600 m (1,969 ft) of the drill
site, a 300 by 600 m (984 to 1,969 ft) grid out to 1,200 m (3,937 ft) from the drill site, and a 1,200 by
100 m (3,937 by 328 ft) grid out to 2,400 m (7,874 ft) from the well site.

A single vertical well site survey will collect about 46 line-miles (74 line-km) of data per site and take
approximately 24 hours. If there is a high probability of archeological resources, the 150 m by 300 m
(492 ft by 984 ft) grid must extend to 1,200 m (3,937 ft) around the drill site.

2.3.2.6 On-lce Winter Vibroseis Seismic Surveys (also referred to as over-ice or hard water
surveys)

Winter vibroseis seismic operations use truck-mounted vibrators that systematically put variable
frequency energy through the ice and into the seafloor. At least 1.2 m (3.9 ft) of sea ice is required to
support heavy vehicles used to transport equipment offshore for exploration activities. These ice
conditions vary, but generally exist from sometime in January until sometime in May in the Arctic. The
exploration techniques are most commonly used on landfast ice (ice attached to the shoreline), but they
can be used in areas of stable offshore pack ice near shore. Several vehicles are normally associated with
a typical vibroseis operation. One or two vehicles with survey crews move ahead of the operation and
mark the source receiver points. Occasionally, bulldozers are needed to build snow ramps to smooth
offshore rough ice within the survey area.

With the vibroseis technique, activity on the surveyed seismic line begins with the placement of
geophones (receivers). All geophones are connected to the recording vehicle by multi-pair cable sections.
The vibrators move to the beginning of the line and recording begins. The vibrators move along a source
line, which is at some distance or angle to a receiver line. The vibrators begin vibrating in synchrony via
a simultaneous radio signal to all vehicles.

In a typical survey, each vibrator will vibrate four times at each location. The entire formation of
vibrators subsequently moves forward to the next energy input point (e.g. approximately 67 m [220 ft] in
most applications) and repeats the process. Most energy is beamed downward. In a typical 16- to 18-
hour day, a survey will complete three survey tracks of 6 to 16 linear km (3.7 to 9.9 mi) in a 2D seismic
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survey, and 24 to 64 linear km (15 to 40 mi) in a 3D seismic survey. Vibroseis signals typically sweep
from 10 to 70 Hz at an estimated source level of 187 dB re 1 pPa at 1 m (Richardson et al. 1995).

2.3.2.7  Vertical Seismic Profiling

Vertical seismic profiling (VSP) is conducted as part of a drilling program in the wellbore. These
programs use hydrophones suspended in the well at intervals which receive signals from external sound
sources; usually an airgun(s) is suspended from the drill rig or a nearby supply vessel. Data are used to
aid in determining the structure of a particular petroleum-bearing zone. Purely defined, VSP refers to
measurements made in a vertical wellbore using geophones inside the wellbore and a source at the surface
near the well. In the more general context, VSPs vary in the well configuration, the number and location
of sources and geophones, and how they are deployed. Most VVSPs use a surface seismic source, which is
commonly a vibrator on land and an airgun in offshore or marine environments. VSPs include the zero-
offset VSP, offset VSP, walk away VSP, walk-above VSP, salt-proximity VSP, shear-wave VSP, and
drill-noise or seismic-while-drilling VSP. A VSP is a much more detailed survey than a check-shot
survey because the geophones are more closely spaced, typically on the order of 25 m (82 ft), whereas a
check-shot survey might include measurements at intervals hundreds of meters apart. Also, a VSP uses
the reflected energy contained in the recorded trace at each receiver position, as well as the first direct
path from source to receiver. The check-shot survey uses only the direct path travel time. In addition to
tying well data to seismic data, the vertical seismic profile also allows for converting seismic data to zero-
phase data and distinguishing primary reflections from multiples. V'SP operations are not considered to
be a seismic survey for analysis purposes in this EIS but rather as part of an exploratory drilling program,
even though airguns are used for a short time.

2.3.2.8  Controlled Source Electromagnetic Survey

Measurements of electrical resistivity beneath the seafloor have been used in oil and gas exploration, but
historically have been collected through the wire-logging of wells. Since 2002, several electromagnetic
methods have been developed for mapping sub-seafloor resistivity, including marine controlled source
electromagnetic (CSEM) sounding (Eidesmo et al. 2002). This method uses a mobile horizontal electric
dipole source and an array of seafloor electric receivers. The transmitting dipole emits a low frequency
(typically 0.5 to 10 Hertz [Hz]) electromagnetic signal into the water column into the underlying
sediments. Electromagnetic energy is attenuated in the conductive sediments, but in higher resistive
layers (such as hydrocarbon-filled reservoirs), the energy is less attenuated. This contrast is what is
detected to provide data on potential areas of interest.

The length of the dipole varies between 10 to 50 m (33 to 164 ft) and the system is towed at
approximately 24 to 40 m (79 to 131 ft) above the seafloor at a speed of 5 km/hr (3.1 mi/hr). Figure 2.3
illustrates a CSEM survey.

2.3.2.9  Gravity and Gradiometry Surveys

Gravity surveys have been used for years in the oil and gas industry. Measurements taken at the Earth’s
surface express the acceleration of gravity of the total mass of the Earth. State of the art gravity meters
can sense differences in the acceleration (pull) of gravity to one part in one billion. Because of their high
sensitivity, these instruments can detect mass variations in the crustal geology, possible indicators of fault
displacement and geologic structures favorable to hydrocarbon production.

In 1994, the U.S. Defense Department declassified the 3D full tensor gradiometer. This allowed the
gravity field gradient to be determined by using accelerometers to measure the spatial multi-components
of gravity. The equipment utilized for gradiometry surveys is much more complex than that of traditional
gravity surveys. The new gravity data are evaluated in three dimensions instead of the two dimensions in
traditional gravity surveys and can better define subsurface bodies of varying densities.
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The increase in data resolution provided by the new technology has allowed the geology below salt to
successfully be imaged in the Gulf of Mexico. This technology could be used in the Arctic Seas as a
method for identifying features such as basins and edges, but would not replace 3D seismic.

2.3.3 Exploratory Drilling

Exploratory drilling activities conducted on the OCS must be conducted in accordance with BOEM and
BSEE regulations at 30 CFR Part 550 Subpart B and 30 CFR Part 250 Subpart B, respectively. These
regulations establish comprehensive requirements for well design based on site specific shallow hazards
site clearance information and deep penetration 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 the BOEM has approved an EP and BSEE has approved the
well-specific APD. BSEE engineers and geoscientists are required by law to review each APD for proper
engineering considerations, site specific engineering and geologic conditions, and compliance with BSEE
regulations, which include provisions to ensure safe operations and preservation of the environment. Any
changes to an approved APD must be submitted, reviewed, and approved by the BSEE.

There are currently three principal forms of exploratory drilling platforms used in offshore exploration:
artificial or natural islands; bottom-founded structures; and floating vessels.

Exploratory wells are generally drilled vertically to simplify well design and maximize benefits from
subsurface data collection (i.e. well logs, cores). Directional wells (any well that is not vertical) may be
drilled if a suitable surface location cannot be used or if there is a subsurface anomaly that should be
avoided. A well is considered to be directional when the inclination of the well bore path is over three
degrees from vertical. Directional drilling is different than extended reach drilling (ERD). ERD is a term
used for wells drilled with significant horizontal departures from the surface location; on the order of
several km (10,000s of feet). ERD is an evolving technology for production wells but currently is not
used for exploration.

2.3.31 Artificial Islands

Acrtificial islands are constructed in shallow offshore waters for use as drilling platforms. In the Arctic,
artificial islands have been constructed from a combination of gravel, boulders, artificial structures (e.g.
caissons which are watertight retaining structures), and/or ice. Artificial islands can be constructed at
various times of the year. During summer, gravel is removed from the seafloor or onshore sites and
barged to the proposed site and deposited to form the island. In the winter, gravel is transported over ice
roads from an onshore site to the island site. After the artificial island is constructed to its full size, slope
protection systems are installed, as appropriate for local oceanographic conditions, to reduce ice ride-up
and erosion of the island. Once the island is complete, a drilling rig is transported to the island. On
average, approximately 100 people operate a typical rig site. Due to economic and engineering
considerations, gravel island construction has historically been restricted to waters less than 15 m (49 ft)
deep. It is anticipated that artificial islands could be constructed in the Beaufort Sea but not in the
Chukchi Sea.

2.3.3.2 Caisson-Retained Island

Caisson-retained islands are similar in construction and design to other artificial islands with one
significant exception. Rather than relying entirely on gravel or large boulders for support, the island
contains one or more floatable concrete or steel caissons, which rest on an underwater gravel berm or on
the ocean floor in water less than 6 m (19.7 ft) deep. The berm is constructed with dredged or deposited
material to within 6 m (19.7 ft) of the sea surface. When each caisson is in place, the resulting concrete or
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steel ring is filled with sand to give the structure stability. This design, like the gravel island, allows
drilling to occur all year. When drilling is completed, the center core of sand can be dredged out, the
caissons refloated, and the structure moved to a new location. The berm is left to erode by the natural
action of the ocean.

2.3.3.3  Steel Drilling Caisson

The Steel Drilling Caisson (SDC), a bottom-founded structure, is a “fit for purpose” drilling unit
constructed typically by modifying the forward section of an ocean-going Very Large Crude Carrier (see
Figure 2.4). The main body of the structure is approximately 162 m (531 ft) long, 53 m (174 ft) wide, and
25m (82 ft) high. The SDC is designed to conduct exploratory year-round drilling under arctic
environmental conditions.

On its first two deployments in the Canadian Beaufort, the SDC was supported by subsea gravel berms.
For its third deployment in Harrison Bay in 1986, a steel component was constructed to support the SDC
in lieu of the gravel berms. It was also used in 2002 by EnCana on the McCovey prospect. The steel base
configuration adds 13 m (42.7 ft) to the design height of the structure and allows deployment of the SDC
in water depths of 8 to 24 m (26 to 79 ft) without bottom preparation. The SDC requires minimal support
during the drilling season. It is typically stocked with supplies before being moved to a drill site. Two or
three tugs and/or supply vessels tow the SDC to or from the drill site during open water periods.
Deployment and recovery of the SDC require less than one week each. Personnel (typically a maximum
of 100) and some smaller equipment are transported to and from the SDC by helicopter. Fuel and larger
items, if required, are transported by supply vessel.

The SDC is the only existing man-made bottom founded structure that could be used in the U.S. Beaufort
Sea. The water depths for existing leases in the U.S. Chukchi Sea are too deep for the SDC. A Concrete
Island Drilling Structure was used to drill an exploratory well in Camden Bay; however, it has been
converted into a permanent development platform offshore Sakhalin, Russia and would not be available
for exploratory drilling in the U.S.

2.3.34 Floating Drilling Vessels

Floating drilling vessels that have a reasonable probability to be employed in the Arctic include drillships
(e.g. Northern Explorer 1l, Noble Discoverer), semi-submersibles, or other floating vessels (e.g. Kulluk)
in which the hull does not rest on the seafloor. These types of drilling vessels can typically be used in
water depths greater than 18 m (59 ft) in the Beaufort and Chukchi seas. This range makes them more
suitable for the deeper water exploratory prospects than the “bottom founded” units such as the islands or
the SDC mentioned in previous sections. Floating drilling vessel crews typically range from 100 to 200
people to operate the marine and drilling systems and ensure the safety of the operation (not including
support or ice management vessels). These types of floating drilling vessels are held over a well drilling
location either by a mooring system (consisting of an anchor, chain, and wire rope) or by the use of
dynamic positioning (omni-directional thrusters coupled with a computer control system).

Sounds generated from vessel-based drilling operations occur at low frequencies (below 600 Hz),
although tones up to 1,850 Hz were recorded by Greene (1987) during drilling operations in the Beaufort
Sea. For the drillship Explorer I, sound levels of 122 to 125 dB re 1 Pa between 20 to 1,000 Hz band
level were measured at a range of 0.17 km (0.10 mi) (Greene 1987). Sound levels from the drillship
Explorer 11 were slightly higher (134 dB) at a range of 0.20 km (0.12 mi) although tones were only
recorded below 600 Hz (Greene 1987). Sounds from the Kulluk at 0.98 km (0.61 mi) were higher
(143 dB) than from the other two vessels (Greene 1987).
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Drillship

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 2,500 m (8,202 ft) and their ability to sail
between areas worldwide.

Shell Oil has proposed, in prior applications, to use the M/V Noble Discoverer for drilling in both the
Chukchi and Beaufort seas (Shell Incidental Harassment Authorization [IHA] application 2010a). The
Discoverer is a drillship, built in 1976, that has been retrofitted for operating in Arctic waters. It is a
156 m (512 ft) conventionally-moored 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 of the situation, the procedure and time needed to move off a drill site can change. In
extreme 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 M/V Noble Discoverer is 8 kn (14.8 km/hour). The vessel has full
accommodations for a crew of up to 124 persons (quarters, galley and sanitation facilities). Figure 2.5 is
a photograph of the M/V Noble Discoverer. As provided in Shell’s 2012 Exploration Plan, measurements
of sounds produced by the Discoverer in the South China Sea were performed in 2009. Broadband source
levels of the Discoverer ranged from 177 to 185 dB re 1 uPa rms (Shell 2011a).

Support vessels are used to assist the drillship with ice management, anchor handling, oil spill response,
refueling, resupply, and servicing. The total number of support vessels depends on the local conditions
and the design of the exploration program (see Table 2.2). The ice management vessels typically consist
of an icebreaker and an anchor handler, as well as an auxiliary ice management vessel. The oil spill
response vessels (OSRV) include an ice-capable oil spill response barge (OSRB) and associated tug, a
tank vessel for storage of liquids, and smaller workboats. A re-supply ship would travel to and from the
drilling site as needed. Additional vessels for marine mammal monitoring/scientific research may be
used. There is also the potential for re-supply to occur via a support helicopter from the shore to the drill
site, and fixed-winged aircraft may be used for marine mammal monitoring. Unmanned aerial drones
could also potentially be used for marine mammal observation and monitoring of ice conditions but
would require approval from the Federal Aviation Administration (FAA).

Jackup Rig

A jackup 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 jackup 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. Figure 2.6 is a photograph of a jackup rig.

There are three main components of a jackup rig: the hull; the legs and footings; and the equipment. The
hull is a watertight structure that houses the equipment, systems, and personnel. When the jackup is
afloat, the hull provides buoyancy and supports the weight of the legs and footings, equipment, and
variable load. The legs and footings are steel structures that support the hull when elevated and provide
stability to resist lateral loads. Most jackup rigs have no more than four legs. Three legs are the
minimum required for stability. Units with three legs are arranged in a triangular form, while units with
four legs are typically arranged in a rectangular form. Most jackup rigs in use today are equipped with
rack and pinion systems for continuous jacking operations.
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The actual dimensions of a jackup 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.

The jackup rig could have two OSRV and four workboats; each EP may call for different numbers of
vessels within regulation requirements. One OSRV and workboat would remain within 16 km (10 mi) of
the jackup rig during drilling and one OSRV would be at a distance of at least 40 km (25 mi) from the
jackup rig. Two icebreakers would be in proximity of the rig and offshore supply vessels or ware vessels
would be used for resupply. A supply tug would be needed to tow the jackup rig to the site and would
remain within 40 km (25 mi) of the rig for when it needs to be moved.

Noise levels from jackup rigs have not been measured in the Arctic (Wyatt 2008). The main contributors
to the underwater sound levels from jackup rig drilling activities are the use of generators and drilling
machinery. Sound levels transmitted into the water from bottom-founded structures are typically 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 jackup rig has fewer structures in direct contact with
the water (because they are “jacked” above the water), noise levels are expected to be less than drillships.
Although sound level measurements have not been conducted to date for jackup rigs in the Arctic, MAI
(2012) describe measurements of the Spartan 151 drilling rig operating in Cook Inlet. Results of those
measurements indicated the primary sources of underwater sound were produced by the diesel engines,
mud pump, ventilation fans (and associated exhaust), and electrical generators. The loudest source levels
(from the diesel engines) were estimated at 137 dB re 1 yPa at 1 m (rms) in the 141-178 Hz one-third
octave band (MAI 2012). It is assumed that the first time a jackup rig is in operation in the Arctic
detailed measurements will be conducted to determine the acoustic characteristics. Noise from
icebreakers would also be the same as described above.

2.3.3.5  Exploratory Drilling Activity Discharges and Emissions

Certain discharges from oil and gas exploration facilities in the Chukchi and Beaufort seas are authorized
by the U.S. Environmental Protection Agency (EPA) under the Clean Water Act (CWA) Section 402,
National Pollutant Discharge Elimination System (NPDES) permitting authority. Prior to issuance of
NPDES discharge permits for these actions, EPA is required to comply with the Ocean Discharge Criteria
(40 CFR Part 125 Subpart M) for preventing unreasonable degradation of ocean waters; and to consult
with the U.S. Fish and Wildlife Service and NMFS to ensure that any action it authorizes is not likely to
jeopardize the continued existence of any species listed under the Endangered Species Act, or result in the
destruction or adverse modification of critical habitat required by a listed species.

On October 29, 2012, EPA issued two general permits for exploration discharges to the Beaufort and
Chukchi Seas, permit numbers AKG-28-2100 and AKG-28-8100, respectively. The general permits
authorize discharges from thirteen categories of waste streams, subject to effluent limitations, restrictions,
and requirements. The general permits became effective on November 28, 2012, and are effective for five
years. The permits require operators to submit Notices of Intent to EPA requesting authorization to
discharge at least 120 days prior to commencing discharges

For their 2012 exploratory drilling program in the Beaufort Sea, Shell made a voluntary commitment to
collect and transport drilling muds and drill cuttings, sanitary wastes, domestic wastes, ballast water, and
bilge water to a disposal site in the Pacific Northwest. This EIS will analyze the reduction of those
discharge streams as a mitigation measure in all of the action alternatives.

Jurisdiction for control of air emissions from stationary sources on the Arctic OCS (stationary rigs,
drillships, and platforms) was the responsibility of the EPA until amendments to the Clean Air Act
Section 328 were enacted on December 23, 2011 (Pub. L. 112-74) in the Consolidated Appropriations
Act, 2012. The Arctic OCS is defined to include the Beaufort Sea and Chukchi Sea OCS Planning Areas
that are adjacent to the North Slope Borough of Alaska. The signing of Pub. L. 112-74 transferred
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authority for the control of air stationary source emissions on the Arctic OCS from the EPA to BOEM but
only for the Arctic OCS (Consolidated Appropriations Act, 2012). Companies with current permits
received from (or initiated with) EPA prior to the transfer of authority retain those valid permits. The
other Alaska OCS Planning Areas remain under EPA jurisdiction by the authority granted in the Clean
Air Act Section 328. However, all actions on the Alaska OCS proposed within three miles of shore
remain subject to air quality regulations of the ADEC and may require permitting.

Control of stationary source emissions within the Beaufort and Chukchi seas is now regulated by BOEM,
EPA, and ADEC, depending on the location of the proposed action. For proposed exploration plans or
development or production plans located more than three miles offshore on the Arctic OCS, emissions are
regulated by BOEM under 30 CFR Part 550 Subpart C (BOEM Subpart C) and by the authority granted
in the OCS Lands Act Sec. 5(a)(8). BOEM Alaska OCS Region would conduct an analytical evaluation
of the air quality analysis contained in any exploration plan or development or production plan to ensure
compliance with BOEM Subpart C. BSEE would be responsible for enforcing any required controls.

Regardless of whether approved under existing EPA permits or via a new BOEM EP approval, emission
of air pollutants, such as nitrogen dioxide, sulfur dioxide, and carbon monoxide would be required to
meet the NAAQS issued by the EPA. The NAAQS specify maximum allowable concentrations for six
principal criteria pollutants (EPA 2011b). A project proposed within three miles of shore may be required
to obtain a Title V operating permit under Alaska rules depending on the specific source/facility.

2.3.3.6  Oil Spill Contingency and Response Planning

Oil spill contingency and response plans in the Alaska Arctic region are regulated by a combination of
both state and federal requirements. EPA, the State of Alaska (ADEC), BSEE, and the U.S. Coast Guard
(USCG) each have a set of requirements for oil spill contingency and response planning. The
requirements of the different agencies overlap with each other to some degree. However, in some cases
eacrl agency requires independent documentation in order to ensure that the applicable requirements are
met.

EPA requires Facility Response Plans (FRPs) and Spill Prevention, Control and Countermeasure (SPCC)
plans (40 CFR Part 112) for onshore facilities and facilities in State waters. A FRP demonstrates a
facility's preparedness to respond to a worst case oil discharge. Under the Clean Water Act (CWA), as
amended by the Oil Pollution Act (OPA), certain facilities that store and use oil are required to prepare
and submit these plans. Under 40 CFR Part 112 FRPs must: identify a qualified individual having full
authority to implement removal actions and require immediate communication between that person and
the appropriate federal authorities and responders; identify and ensure availability of resources to remove,
to the maximum extent practicable, a worst-case discharge; and describe training, testing, drills, and
response actions of persons at the facility. FRPs must also be updated periodically and be resubmitted for
approval of each significant change (40 CFR Part 112). The SPCC rule includes requirements for oil spill
prevention, preparedness, and response to prevent oil discharges to navigable waters and adjoining
shorelines. The rule requires specific facilities to prepare, amend, and implement SPCC Plans. The
SPCC rule is part of the QOil Pollution Prevention regulation, which also includes the FRP rule.

! The 2011 Draft EIS contained a standard mitigation measure (listed in Appendix A of the 2011 Draft EIS as
standard measure C4) that would require operators to have a plan in place to minimize the likelihood of an oil spill
and outline response protocols in the event of a spill. Operators are required to develop such plans prior to receiving
final approval from the appropriate federal and/or state agencies. Because development and approval of such plans
is required before activities can be conducted, it is redundant to include development of such a plan in an MMPA
ITA, which includes measures that must be carried out during operations. The oil spill contingency and response
plans are a required component of the operations at both the planning and execution phases and would therefore
already be developed and in place before the point of implementing measures contained in an MMPA ITA.
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In addition to the EPA requirements, ADEC regulations (18 AAC 75.400) require that operators prepare
Oil Discharge Prevention and Contingency Plans (ODPCPs, or C-plans) for activities within State waters.
ODPCPs must set forth measures designed to prevent spills and must demonstrate that sufficient
resources are available to contain or control and clean up any spills that may occur. Key components of
the ODPCP required by ADEC include (18 AAC 75.425): an emergency action checklist including the
immediate response and notification steps to be taken if an oil discharge occurs, to clearly guide
responders in an emergency event; a description of the steps necessary to develop an incident-specific
safety plan for conducting a response; a description of field communications procedures; procedures for
the transport of equipment, personnel, and other resources; and a detailed written description of a
hypothetical spill incident and response that demonstrates the plan holder’s ability to respond to a
discharge. In addition, the ODPCP is required to include detailed information about blowout prevention,
fuel transfer procedures, equipment maintenance programs, and operating requirements for exploration.
The ODPCP must also present analysis of potential discharges, potential areas for discharge, spill
trajectory analysis, and a description of any priority protection sites. Specific information must be
provided about procedures to stop the discharge, fire prevention and control, containment, and disposal
strategies. The ODPCP must provide trajectories for the transport and disposition of potential spills,
identify strategies for the protection of sensitive areas and wildlife, and detail plans for minimizing the
impact of a spill on wildlife resources and subsistence activities.

Overlapping with the ADEC requirements, BSEE requires that every operator operating seaward of the
coastline, whether in state or federal waters, must submit an oil-spill-response plan (OSRP) for their
facilities to BSEE for approval (30 CFR Part 254). Required components of the OSRP include: an
emergency response-action plan; equipment inventory; contractual agreements for spill-response services;
worst-case discharge scenario; dispersant-use plan; in situ burning plan, and a training and drills plan. As
required by 30 CFR Part 254.30, OSRPs must be reviewed at minimum every two years and resulting
changes submitted to BSEE. If no changes are required, the operator must submit written notification that
the plan has been reviewed and that no changes are required. The operator is required to submit revisions
of the plan to BSEE within 15 days of any changes that negatively impact spill response capabilities or
increase the worst case discharge scenario.

Also overlapping with the ADEC and BSEE requirements, operators are required to submit “Response
Plans for Qil Facilities Transferring Oil or Hazardous Material in Bulk” (33 CFR Part 154) to the USCG,
Department of Homeland Security. The USCG response plans must include detailed descriptions of
equipment, facility operations, vapor control systems, methods of ensuring the availability of response
resources by contract or other approved means, description of worst case discharge, and information on
training, exercises, and inspection and maintenance of response resources. Many of the requirements
described in 33 CFR Part 154 are analogous to the ADEC (18 AAC 75.425) and BSEE (30 CFR Part 254)
requirements, and operators may opt to fulfill requirements of these agencies with a single response plan
document (see Beaufort Sea Regional Exploration ODPCP, Shell Offshore Inc., January 2010 [Shell
2010b]). However, oil spill contingency and response planning documents are reviewed independently
by each agency to ensure that spill-response resources are appropriate to respond to any spill that might
occur.

Section 311 of the CWA provides the overall regulatory framework for oil spills and designated
hazardous substances, including national policy and responsibilities. Policy specific to oil spills is further
defined in the QOil Pollution Act of 1990 (OPA), Public Law (P.L.) 101-380. Under the OPA, liability for
actual costs of removal rests with the responsible party. The OPA establishes oil-spill response planning
and preparedness requirements for offshore facilities. Executive Order 12777 implementing OPA
assigned regulatory oversight for offshore oil and gas to the Department of the Interior, with oversight
delegated to BSEE.
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Environmental protection from oil spills is also regulated under the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP) (40 CFR Part 300) as required by Section 311(d) of the
CWA, 33 USC 1321(d) as amended by the OPA, P.L. 101-380.

The NCP is the federal government's blueprint for responding to both oil spills and hazardous substance
releases. The NCP is the result of efforts to develop a national response capability and promote overall
coordination among the hierarchy of responders and contingency plans. The NCP and the Alaska Federal
and State Preparedness Plan for Response to Oil and Hazardous Substance Discharges and Releases
(Unified Plan) have been developed in compliance with the CWA, Section 311(c)(2), and the OPA,
Section 1321(d). In addition to the Unified Plan, Alaska has divided the State into 10 geographic regions
and developed subarea contingency-response plans for each area. The North Slope Subarea Contingency
Plan addresses specific response issues for the Alaska Arctic OCS regions. These plans identify spill-
sensitive biological and cultural resources and geographic response scenarios. The subarea contingency
plans also identify shoreline types in the subarea and list spill-response tactics that can be used to protect
those areas. The subarea contingency plans provide for coordinated and integrated response by
departments and agencies of the federal and state governments to protect human health and the
environment and to minimize adverse effects due to oil and hazardous substance discharges (MMS 2008).

Responsibility for developing the regional contingency plan rests with the Regional Response Team
(RRT) for that area. The Alaska RRT (ARRT) is composed of representatives from USCG and EPA as
co-chairs of the RRT, and the following federal departments: Agriculture, Commerce, Defense, Energy,
Health and Human Services, Homeland Security, Interior, Justice, Labor, and State. The State of Alaska
also participates on the ARRT. The ARRT provides the appropriate regional mechanism for planning
and preparedness activities before a response action is taken and for coordination and advice during an
event (MMS 2008).

Under the NCP a federal On-Scene Coordinator (FOSC) is pre-designated by the EPA or the USCG to
direct and coordinate the response to incidents under the authority of federal laws and regulations. For
spill events occurring on the OCS, the USCG will act as the FOSC. The FOSC maintains a responsibility
to ensure that the proper initiation of containment countermeasures, cleanup, and disposal actions take
place. The State of Alaska also pre-designates a State On-Scene Coordinator (SOSC) to direct and
coordinate the response to incidents under the authority of state laws and regulations. A Local On-Scene
Coordinator (LOSC) representing the NSB also ensures that local concerns are addressed during a spill
response. The FOSC, SOSC, and LOSC join the Responsible Party On-Scene Coordinator, representing
the operator, and form a Unified Command (UC), which will direct the spill response. The LOSC is part
of the Unified Command as long as there is an immediate threat to public safety, or as pre-identified in
the applicable Subarea Contingency Plan. The UC jointly establishes goals and objectives, ensures that
agency priorities are addressed, and produces a single-incident-action plan to respond to the spill. In the
event the FOSC determines that spill-response efforts by the responsible party are inadequate to properly
respond to the spill, the FOSC has the authority to “federalize” the response and use federal assets to
continue cleanup activities. The responsible party is financially liable for the costs incurred from a
federal response (MMS 2008).

2.3.4 Local Community Interaction

Over the years, through the federal processes the oil and gas industry has engaged in with BOEM and
NMPFS to obtain the permits and authorizations needed to conduct their activities, several processes and
programs have evolved to facilitate interaction between the industry and the local communities to ensure
that the Arctic subsistence culture can continue in conjunction with oil and gas development.

Industry interacts with local communities through a local hire program and through community-wide
meetings. Local residents are typically trained and hired through several programs to assist with
exploration activities, including the Protected Species Observer (PSO) program (formerly referred to as
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the Marine Mammal Observer program), Subsistence Advisor (SA) program, Communication and Call
Centers (Com Centers) program, and Oil Spill Response. The PSO program would employ, among
others, local Ifiupiat residents to monitor and document protected species in the EIS project area. The
PSOs are trained to identify marine mammals and other protected species, document interactions using
computers, and comply with health and safety regulations. The SA program recruits local residents to
communicate local concerns and subsistence issues to the oil and gas operators. The SA coordinates with
other village members and documents subsistence information, which may then be used to develop
appropriate mitigation measures, address concerns related to subsistence activities, and to avoid potential
conflicts. The Com Center program involves hiring local residents to monitor and relay radio
transmissions between subsistence vessels and industry vessels. This sharing of information is intended
to reduce or eliminate the potential for conflict between subsistence users and industry vessels. Providing
these employment opportunities to local residents creates the potential for positive economic benefits to
local communities and provides a vector for communication between industry and local residents.

The three mechanisms that have been or that are currently used for communication, cooperation, and
conflict avoidance between industry and local communities include: the Open Water Season Conflict
Avoidance Agreement (CAA); Com Centers; and Plans of Cooperation (POC).

The Open Water Season CAA is a private agreement between members of industry and the Alaska
Eskimo Whaling Commission (AEWC). In order to ensure that potential adverse impacts to the bowhead
whale subsistence hunt are mitigated, the AEWC requests that any operator intending to conduct activities
related to offshore oil and gas exploration, development, or production during the open-water season and
prior to or during the fall bowhead whale subsistence hunts in the Beaufort and Chukchi seas enter into
the CAA. While the CAA is not required by the MMPA, mitigating potential adverse impacts to the
availability of marine mammals for subsistence uses is a requirement of the MMPA. CAAs typically
include measures and procedures regarding the timing and areas of the operator’s planned activities
necessary to mitigate potential adverse impacts of the planned oil and gas operations on fall bowhead
whale subsistence hunting (i.e. times and places where effects of seismic and/or drilling operations will be
monitored and prospectively mitigated to avoid potential conflicts with active subsistence whaling). In
addition to temporal and spatial measures, CAAs typically provide for, among other mitigation measures,
a communications system between operators’ vessels and whaling and hunting crews (i.e. the
communications center will be located in strategic areas); provisions for marine mammal
observers/Ifiupiat communicators aboard all project vessels (i.e. PSOs); conflict resolution procedures;
and provisions for rendering emergency assistance to subsistence hunting crews. The mitigation
measures contained within CAAs have been developed by particular offshore operators and bowhead
whale subsistence hunters through an annual negotiation process (the CAA process), which dates to 1985.
Neither NMFS nor BOEM can require agreements between third parties. Neither NMFS nor BOEM is
able to enforce the provisions of such agreements because the federal government is not a party to the
agreements. While federal statute or regulations do not require a CAA, NMFS’ regulations at 50 CFR
216.104(a)(12) require that operators submit a POC containing mitigation measures to minimize adverse
effects on the availability of marine mammals for subsistence uses. NMFS has used measures specific to
protecting marine mammals or the availability of marine mammals for subsistence uses developed during
the CAA process in previous ITAS.

To minimize potential interference with marine mammal hunts on a real-time basis, to the AEWC has
requested companies to participate in the establishment of and interaction with Com Centers in affected
subsistence communities. The Com Centers are established prior to exploration activities, including
ancillary activities, in the vicinity of a potentially affected community and are operated on a 24-hour basis
during the subsistence hunts. Companies may contribute to the establishment of Com Centers whether or
not they sign a CAA.

A POC requires consultation and community meetings with potentially affected communities. It must
also describe the measures the applicant has taken and/or will take to ensure that the proposed activities
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will not interfere with subsistence whaling or sealing. These mitigation measures should be agreed to by
both the operators and the subsistence users. In the case of the bowhead whale subsistence hunt and the
communities represented by the AEWC, a CAA can help support the POC process.

The previous paragraphs describe these programs and processes as they currently exist. Chapter 5
contains an evaluation of these programs and processes, as well as potential modifications to these
programs or the addition of new programs to accomplish some of the same goals.

2.3.5 Alternative Technologies for Hydrocarbon Exploration

The impulsive airgun has been under scrutiny as a sound source for seismic exploration due to concerns
that the propagated sound waves may harm marine life during operations (Weilgart 2010). Alternative
acoustic source technologies generally put the same level of useable energy into the water as airguns, but
over a longer period of time with a resulting reduced acoustic footprint. One potential alternative, the low
frequency passive seismic method, relies on naturally produced sounds and does not introduce any sound
into the environment. Table 2.3 summarizes some of the alternative technologies in consideration by the
oil and gas industry. However, these alternative acoustic sources are in various stages of development,
and none of the systems with the potential to augment or replace airguns as a seismic source for
subsurface data collection are currently commercially available. It is uncertain at this time exactly when
these technologies could become available for commercial use; however, it is possible that some of them
could be used during the timeframe of this EIS. Therefore, they are analyzed in this EIS based on the
limited data currently available. BOEM hosted a workshop in February 2013 titled “Quieting
Technologies for Reducing Noise during Seismic Surveying and Pile Driving.” The goal of the workshop
was to provide information about emerging technologies with potential utility for seismic exploration.

Technologies supplemental to seismic operations such as gravity/gradiometry and controlled source
electromagnetics are commercially available and discussed in Section 2.3.2.
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2351 Marine Vibrators

Hydraulic

In 1983, Industrial Vehicle International, Inc. (IVI) began developing a new marine vibrator seismic
source system with the goal of producing a marine source able to emit a broad band, high amplitude,
modulating frequency output. In 1985, the first commercial system was offered (IVI 2003). The
developed system consists of a marine vibrator, vibrator controller, and a power unit. The source is
capable of generating modulated frequencies between 10 and 250 Hz and can be used in water depths as
shallow as one meter.

The system has been tested in various environments from transition zones to deepwater. A comparison of
marine vibrator, dynamite, and airgun sources in southern Louisiana concluded that the marine vibrator
was a viable source for environmentally sensitive areas (Potter et al. 1997, Smith and Jenkerson 1998).
The best performance is on a seafloor which distributes the vibrator’s forces.

Initial deep water tests were conducted in the Gulf of Mexico using a vibrator with an energy output
approximately equivalent to a 1,000 in® (16.4 liter) airgun. Despite limitations of low frequency energy,
good definition of reflectors down to three seconds indicated that the system was viable (Haldorsen et al.
1985). In 1996, a comparison between the marine vibrator and the airgun data indicated that the marine
vibrator data contained more frequency content above 30 Hz and less frequency content below 10 Hz than
the airgun data, but overall the data were comparable. Marine vibrator production rates were slightly
lower than those of the airgun, but by the end of the survey, the technical downtime of the marine vibrator
was similar to the airgun (Johnson et al. 1997). However, this technology has not been tested in the
Arctic environment.

IVI continued to further develop the system into the early 2000s, but they are no longer actively
marketing the product because there is no client base for the system. The significant expense to retrofit
the marine exploration companies’ ships to support marine vibrators is not offset by reduced operation
costs or better data quality. VI presently has marine vibrator systems that could be used for seismic data
collection, but they would require renovation prior to deployment, which could take three months to a
year (EImo Christensen, Vice President IVI personal communications with Jana Lage 11/09/10,
12/17/10). This tool cannot replace all airgun surveys but has the potential to replace airguns for certain
geologic prospects in certain environments.

Electric

Petroleum Geo-Services (PGS) began developing an electro-mechanical marine vibrator in the late 1990s.
The original system consists of two transducers: the lower frequency (6 to 20 Hz) “Subtone” source and
the higher frequency (20 to 100 Hz) “Triton” source (Tenghamn 2005, 2006). Each vibrator is composed
of a flextensional shell that surrounds an electrical coil, a magnetic circuit and a spring element. The
sound in the water column is generated by a current in the coil, which causes the spring elements and
shell to vibrate. Mechanical resonances from the shell and spring elements allow very efficient, high
power generation (Spence et al. 2007; Tenghamn 2005, 2006). The source tow-depth, generally between
5 and 25 m (16 to 82 ft) below the sea surface, is selected depending on the frequency and enhancement
from the surface reflection which, to a certain degree, directs the acoustic signal downwards.

The reduction of the overall sound level and specifically the frequencies above 100 Hz, which are beyond
the useful seismic range, is a major advantage of the system. Another advantage is the reduction of
acoustic power in comparison with conventional seismic sources, which occurs because the net source
energy is spread over a long period of time (Tenghamn 2005, 2006).

During the early period of development, the system proved the concept that it worked as a source for
seismic data. However, unreliability prevented it from becoming a commercial system. PGS spent 2006
and 2007 conducting a feasibility study to improve reliability and testing a newly developed prototype.
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After that work, PGS developed three additional systems that are currently being tested. This tool cannot
replace all airgun surveys but has the potential to replace airguns for certain geologic prospects in certain
environments. PGS does not have a commercial system available for data collection at this time. They
project that, if funds were available, it would take two to four years to fully develop and test a system for
commercial use (Rune Tenghamn, VP Innovation and Business Development PGS, personal
communication to Jana Lage 11/09/10).

2.3.5.2 Low-frequency Acoustic Source (patented)

Originally designed as a ship sound simulator for the Norwegian Navy, the low level acoustic combustion
source (LACS) is being promoted as an alternative source for seismic acquisition (Weilgart 2010). The
LACS system is a combustion engine with a cylinder, spark plug, two pistons, two lids, and a shock
absorber. It creates an acoustic pulse when two pistons push lids vertically in opposite directions; one
wave reflects from the sea surface and combines with the downward moving wave. There is no bubble
noise from this system as all air is vented and released at the surface, not into the underwater
environment. The absence of bubble noise allows the system to produce long sequences of acoustic
pulses at a rate of 11 shots per second; this allows the signal energy to be built up in time with a lower
amount of energy put into the water (Askeland et al. 2007, 2009).

There are two LACS systems advertised as under development. The first system is not fully proven, and
the second has not been built. The LACS 4A has a diameter of 400 mm (16 in), a height of 600 mm
(24 in), and a weight of approximately 100 kg (220 pounds) in air. Field test results of the LACS 4A
system demonstrate that the system is capable of accurately imaging shallow sediments (~230 m [755 ft])
within a fjord environment (Askeland et al. 2008, 2009). It is reported that this system is suitable for
shallow penetration towed-streamer seismic surveys or vertical seismic profiling (Askeland et al. 2008).
Since there have been only a few tests conducted in a fjord environment, this system requires additional
testing in various environments to determine if it is ready to replace currently used subbottom profiling
systems.

The second system, the LACS 8A, theoretically has the potential to compete with a conventional deep
penetration airgun seismic array. The weight is 400 kg (882 pounds), and the diameter is 800 mm
(31.51in). Several LACS units may be operated together to provide an increased pulse pressure (Bjerge
Naxys AS 2010). This system currently does not exist, and the project is presently on hold. It would take
at least 18 months to build and field test one of these systems if money became available to do so (Jens
Abrahamsen, Managing Director Bjgrge Naxys personal communication to Jana Lage 12/2/10). At this
time, it is difficult to compare this system with an airgun array or project its capabilities since it has not
been built and tested.

2.3.5.3  Deep-Towed Acoustics/Geophysics System

The U.S. Navy developed a deep-towed acoustics/geophysics system (DTAGS) to better characterize the
geoacoustic properties of abyssal plain and other deep-water sediments. The system was tested and
modified in the early 1990s and used in various locations around the world until it was lost at sea in 1997
(Gettrust et al. 1991, Wood et al. 2003).

The second generation DTAGS is based on the original design but with more modern electronics. The
source is extremely flexible, allowing for changes in waveform and decrease in sound level to produce a
source amplitude, waveform, and frequency to suit specific requirements (Wood et al. 2003, Wood 2010).

The DTAGS is towed behind a survey vessel usually at a level of 100 m above the seafloor and a vessel
speed of two knots; it can operate at full ocean depths (6,000 m). A 450 meter, 48 channel streamer array
is towed behind the source to record the reflected signals. DTAGS can also be configured with an
aluminum landing plate, which transmits the acoustic energy directly into the seafloor. With this
configuration, vertical bottom founded hydrophone arrays are used to receive reflections (Breland 2010).
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Proximity of the acoustic source to the seafloor is an advantage of the DTAGS system. The system has a
limit of 1 km penetration in most marine sediments (Wood et al. 2003). It has been used very
successfully to map out gas hydrates in the Gulf of Mexico (Wood et al. 2008), Canadian Pacific (Wood
et al. 2002, Wood and Gettrust 2000) and Blake Ridge (Wood and Gettrust 2000).

There is only one DTAGS in existence at this time. While it has imaged shallow sediments and gas
hydrate environments extremely well, the current tool design could not replace a deep penetration airgun
array for oil and gas exploration at this time - DTAGS was not designed for this purpose. There is no
physical limitation to designing a resonant cavity source to simulate the frequency band of airguns. At
this time, it is difficult to compare this system with an airgun array or project its capabilities since it has
not been built and tested.

The strength of the high frequency system is the ability to tow the source near the seafloor. While it may
be technically feasible to create a system with frequencies comparable to that of an airgun, they system is
a cabled, deep-tow, which is not a realistic replacement for airguns. The deep tow configuration is not
conducive to multi-streamer exploration seismic surveys.

2.3.5.4  Low Frequency Passive Seismic Methods for Exploration

Low frequency passive seismic methods utilize microseisms, which are faint Earth tremors caused by the
natural sounds of the earth, to image the subsurface. A typical survey consists of highly sensitive
receivers (usually broadband seismometers) placed in the area of interest to collect data over a period of
time. Upon completion of the survey, the data are analyzed and filtered to remove all non-natural sounds,
which is most efficiently completed using an automated process (Hanssen and Bussat 2008).

All of the current methods use one of following three sources of natural sounds: natural seismicity, ocean
waves, or microseism surface waves.

Natural seismicity uses the Earth’s own movements as a source of energy. Two techniques have been
developed to utilize this energy source:

Daylight Imaging (DLI) uses the local seismicity of an area to produce reflection seismic profiles, similar
to those recorded in active seismic surveys (Claerbout 1968). As in active reflection seismic operations,
geophones are deployed; the target can be imaged using regularly-spaced 2D line geometry (Hohl and
Mateeva 2006, Draganov et al. 2009).

Local Earthquake Tomography (LET) also uses local seismicity of a region to map on the reservoir scale
(Kapotas et al. 2003). However, it is used to calculate the velocity structure of the subsurface in 3D by
analyzing each earthquake on multiple receivers and generating ray paths instead of cross-correlating the
recorded signals.

Ocean waves are used as a sound source for the Sea Floor Compliance technique. The method requires
that Ocean Bottom Seismometer stations with highly-sensitive, broadband seismometers and differential
or absolute pressure gauges be installed in water several hundred meters deep.

Ambient-Noise (Surface-Wave) Tomography [AN(SW)T] uses low frequency (between 0.1 and 1 Hz)
ambient noise records to estimate shear wave velocities and structural information about the Earth. This
technique requires the use of broadband seismometers to record the low frequency surface waves, which
can penetrate to depths of several kilometers (Bensen et al. 2007, 2008). AN(SW)T can be used in areas
where seismic data are difficult to collect or in environmentally sensitive areas. While this technology is
new and still in need of further testing, the lateral resolution at several kilometer depths may reach a few
hundred meters and the resolution may be better than gravimetric or magnetic data, which is promising
for oil and gas exploration (Bussat and Kugler 2009).

Surface-wave amplitudes is a one-dimensional (1D) method that images the geological structure of the
sub-surface by analyzing passive acoustic data that have not been geophysically processed. The
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transformation of incoming micro-seismic surface-waves, scattered at vertical discontinuities, into body
waves may produce these data, but the process is not well understood (Gorbatikov et al. 2008).

Low-Frequency Spectroscopy (LFS) is also known as Low Frequency Passive Seismic (LFPS) or
Hydrocarbon Microtremor Analysis (HyMAS) tests for an indication of subsurface hydrocarbon
accumulation using spectral signatures gathered from the ambient seismic wave field recorded by
broadband seismometers. However, this methodology is highly dependent on the ability to process out all
anthropogenic noise and topography (Hanssen and Bussat 2008). This method is still in the early stage of
development and has not been confirmed in the field during any studies (Ali et al. 2007, Al-Faraj 2007).

The most successful use of low frequency passive micro-seismic data has been on land where it is easier
to isolate the extraneous noise from the natural signal. The technique is also promising in the marine
environment. To ensure success of a marine survey: (1) it is imperative that the recording instruments
are in proper contact with the substrate (the natural signal may not be accurately recorded in
unconsolidated material) and (2) the increase in both anthropogenic and naturally produced noise in the
marine environment is correctly filtered so that it does not mask the signal of interest.

Like the CSEM technique that is discussed in Section 2.3.2, passive seismic surveys cannot replace active
seismic acquisition because the data do not match the quality of the data collected by more traditional
methods. However, passive acoustic data have the potential to enhance oil recovery at a better resolution
than magnetic or gravimetric methods (Bussat and Kugler 2009), especially in areas that are
environmentally sensitive or where active seismic operations are difficult.

2.3.5.5  Quieting Mitigation Technologies in Development

Industry and the public sector have actively investigated the use of technology-based mitigation measures
to reduce anthropogenic noise and thus potentially reduce the impacts of current methods of hydrocarbon
data collection. Some of these technologies are not yet available and may not work in all circumstances.

Airgun Silencer

One such measure, an airgun silencer, which has acoustically absorptive foam rubber on metal plates
mounted radially around the airgun, has demonstrated 0 to 6 dB reductions at frequencies above and 0 to
3 dB reductions at frequencies below 700 Hz. This system has been tested only on low pressure airguns
and is not a viable mitigation tool because it needs to be replaced after 100 shots (Spence et al. 2007).
Other tests are being conducted to attenuate unwanted high frequency energy without affecting the
frequencies of interest.

Airgun Design

Another mitigation measure in development is optimizing the design of the airgun to reduce unwanted
energy through array, source, and receiver design optimization in both the inline and horizontal plane of
interest (Weilgart 2009). There are other tests to lower source levels through better pairing of source and
receiver characteristics or better system gains.

Bubble Curtain

Bubble curtains generally consist of a rubber hose or metal pipe with holes to allow air passage and a
connector hose attached to an air compressor. They have successfully been tested and used in
conjunction with pile driving and at construction sites to frighten away fish and decrease the noise level
emitted into the surrounding water (Wiirsig et al. 2000, Sexton 2007, Reyff 2009). They have also been
used as standalone units or with light and sound to deflect fish away from dams or keep them out of
specific areas (Weiser 2010, Pegg, M. 2005).

The use of bubbles as a mitigation for seismic noise has also been pursued. During an initial test of the
concept, the sound source was flanked by two bubble screens; it demonstrated that bubble curtains were
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capable of attenuating seismic energy up to 28 dB at 80 Hz while stationary in a lake. This two-bubble
curtain configuration was field tested from a moving vessel in Venezuela and Aruba where a 12 dB
suppression of low frequency sound and a decrease in the sound level of laterally projecting sound was
documented (Sixma 1996, Sixma and Stubbs 1998). A different study in the Gulf of Mexico tested an
*acoustic blanket” of bubbles as a method to suppress multiple reflections in the seismic data. The results
of the acoustic blanket study determined that suppression of multiples was not practical using the current
technology. However, the acoustic blanket measurably suppressed tube waves in boreholes and has the
capability of blocking out thruster noises from a laying vessel during an OBC survey, which would allow
closer proximity of the shooting vessel and increase productivity (Ross et al. 2004, 2005).

A recent study “Methods to Reduce Lateral Noise Propagation from Seismic Exploration Vessels” was
conducted by Stress Engineering Services Inc. under the BSEE Technology Assessment & Research
Program. The first phase of the project was spent researching, developing concepts for noise reduction,
and evaluating the following three concepts: (1) an air bubble curtain; (2) focusing arrays to create a
narrower footprint; and (3) decreasing noise by redesigning airguns. The air bubble curtain was selected
as the most promising alternative, which led to more refined studies the second year (Ayers et al. 2009).
A rigorous 3D acoustic analysis of the preferred bubble curtain design, including shallow-water seafloor
effects and sound attenuation within the bubble curtain, was conducted during the second phase of the
study. Results of the model indicated that the bubble curtains performed poorly at reducing sound levels
and are not viable for mitigation of lateral noise propagation during seismic operations from a moving
vessel (Ayers et al. 2010).

2.3.5.6  Fiber Optic Receivers

Fiber optic receivers incorporate optical fibers to transmit the received acoustic signal as light. They are
most frequently used in the petroleum industry for seismic Permanent Reservoir Monitoring, a four-
dimensional (4D) reservoir evaluation application. The optical receivers are permanently placed on the
seafloor, ensuring consistency and repeatability of the 4D surveys, better signal to noise ratios, and
quality of subsequently collected data. Fiber optic systems are not new and have proven to be highly
reliable.

Fiber optic receivers are more sensitive than standard receivers, which allows for smaller airgun arrays to
be used. While these receivers offer a benefit to the environment through a decrease in airgun noise, this
technology is not presently available for towed-streamer surveys.

Fiber optic receivers have not been used in the Alaska OCS due to the lack of large scale offshore
production requiring 4D monitoring. This technology is associated with production and therefore is not
analyzed further in this document.

2.4  Alternatives Considered in the EIS

The federal actions considered in this EIS are the issuance of G&G permits and ancillary activity notice
approvals by BOEM for the Beaufort and Chukchi seas and the issuance of ITAs under the MMPA for
G&G surveys, ancillary activities, and exploratory drilling activities in the Beaufort and Chukchi seas by
NMFS. ITAs could be issued for these activities in either federal or State of Alaska waters. Given the
widespread presence of several species of marine mammals in the Beaufort and Chukchi seas and the
nature of oil and gas exploration activities, it is likely that some amount of seismic and exploratory
drilling activities may result in the disturbance of marine mammals through sound, discharge of
pollutants, and/or the physical presence of vessels. Because of the potential for these activities to “take”
marine mammals, oil and gas operators may choose to apply for an ITA.

Sections 101(a)(5)(A) and (D) of the MMPA direct NMFS to allow, upon request, the incidental, but not
intentional, taking of small numbers of marine mammals of a species or population stock by U.S. citizens
who engage in a specified activity (other than commercial fishing) within a specified geographical region
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if certain findings are made and either regulations are issued or, if the taking is limited to harassment, a
notice of proposed authorization is provided to the public for review. Authorization for incidental taking
shall be granted if NMFS finds that the taking will have a negligible impact on the affected species or
stock(s) and will not have an unmitigable adverse impact on the availability of the species or stock(s) for
taking for subsistence uses. NMFS must also prescribe: the permissible methods of taking pursuant to
the activity; other means of effecting the “least practicable adverse impact” on the affected species or
stock and its habitat and on the availability of such species or stock for subsistence uses; and requirements
pertaining to the monitoring and reporting of such taking.

The approach taken in identifying alternatives considered by NMFS and BOEM in this EIS involved four
major components:

1) Evaluating alternative concepts suggested during the scoping period (such as using alternative
technologies to airguns for seismic surveys);

2) Reviewing potential alternatives in the context of NMFS and BOEM'’s regulatory requirements;

3) Assessing potential levels of seismic exploration and exploratory drilling activities, and a suite of
Standard Mitigation Measures; and

4) Identifying a range of potential Additional Mitigation Measures that need further analysis and
may be applied to alternatives pursuant to the MMPA ITA process and the BOEM OCS Lands
Act permitting processes.

2.4.1 Review of Multiple Exploration Activities

Past ITAs have been issued for individual G&G surveys, ancillary activities, and exploratory drilling
projects in the Arctic Seas. These authorizations have been in the form of Incidental Harassment
Authorizations (IHA) issued for periods of no more than one year at a time. One purpose of this EIS is to
analyze effects from multiple oil and gas industry exploration activities with regard to marine mammals
and subsistence hunting, assess the potential effects of authorizing takes from concurrent activities, and
analyze whether the standard mitigation and monitoring measures stipulated in the past are appropriate for
current and reasonably foreseeable oil and gas activities. Additional mitigation measures to address
potential marine mammal or subsistence impacts from the activities have been suggested by the public or
other agencies and the potential effectiveness of these measures will also be analyzed.

For planning purposes, NMFS and BOEM can project a reasonable level of exploration activities in the
near term based upon current leases, upcoming lease sales, and industry’s stated needs for exploring those
leases. Although the levels of activities can be estimated, the particular strategy used by a company
regarding where and when to explore for resources may change depending on what a company found
during previous exploration activities, as well as changes in technology. Furthermore, outside forces (i.e.
the price of oil) and politics may affect the oil and gas market and play a role in how much effort is
applied to exploration in the Arctic. Therefore, predicting and planning for levels of activity over a
longer period of time (i.e. three or more years in the future) can be difficult. In order to help predict the
level of exploration activities for a given year, communications for upcoming G&G and exploratory
drilling activities are ongoing between NMFS, BOEM, and industry throughout the year; but NMFS and
BOEM are officially notified of the specific planned activities upon receipt of an application for an ITA,
G&G permit, or ancillary notice, which may be submitted just several months prior to the activity taking
place. Therefore, while NMFS and BOEM can estimate the level of proposed activity on an annual basis,
there is some uncertainty.
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2.4.2 Review of Mitigation Measures

The evaluation of measures intended to reduce adverse impacts to marine mammals and other protected
resources and to ensure that there will be no unmitigable adverse impact on the availability of marine
mammals for subsistence uses are the main foci of this document and are key components of the
development of alternatives. Mitigation measures directed at protecting subsistence uses include
measures incorporated into previous ITAs, many of which were developed over a number of years
through the annual negotiation of a CAA between offshore oil and gas operators and the AEWC.
Mitigation measures are currently categorized in the action alternatives in three different ways:

1) Required Standard Mitigation Measures — These measures, which are required in all five of
the action alternatives, are those that NMFS deemed appropriate to require in MMPA
authorizations. These measures (e.g. shutdown zones, certain time/area closures to protect known
subsistence uses) have been used consistently in past permits and authorizations.

2) Additional Mitigation Measures — These measures, which are evaluated but not required in all
five action alternatives, may or may not be required for future activities depending on the
outcome of the MMPA authorization processes (or other environmental compliance processes).
These measures are intended to include other reasonable potential mitigation measures, such as
those that have been required or considered in the past or recommended by the public, which may
or may not have been required or considered in the past.

3) Alternatives 5 and 6 — These two alternatives are characterized by additional specific mitigation
measures associated with time/area closures or alternative technologies that are intended to
minimize impacts to marine mammals and subsistence uses.

In Chapter 4, all of the mitigation measures currently categorized as described above are comprehensively
evaluated in the context of the manner and degree in which the measure is likely to reduce adverse
impacts to marine mammals, likely effectiveness, and practicability of implementation of the measures.
This analysis, which also includes consideration of public comments received on previous proposed ITAs,
the scoping period of this EIS, and on the 2011 Draft EIS, is needed in order to better assess the
programmatic appropriateness of each measure (i.e., based on the generalized expectations for a given
year of projected activities) and to inform decisions of whether the measure should:

a) Be considered a Standard Mitigation Measure (i.e., required in every ITA for a given activity
type);
b) Never be required; or

c) Be included in the Additional Mitigation Measure category, which means that the measure will
be considered for inclusion as a requirement through future regulatory or authorization processes
during which more specific information is known.

All Additional Mitigation Measures ultimately identified in the Final EIS for a particular activity type will
be further evaluated for potential required inclusion for any specific proposed activity through the MMPA
process (and potentially other environmental compliance processes) using the additional detail that will be
available once applicants have determined the specific activities that they propose to conduct in a given
year and submitted their applications. These measures will be further evaluated using this more specific
information to determine the degree to which the measure is likely to reduce impacts to marine mammals
or subsistence uses based on the proposed specified activity, the likely effectiveness of the measure, and
the practicability of the measure. Some of the types of more specific information that will be used to
make the decision of whether to require a given measure include:

e The timeframe, duration, and location of the proposed activity and the spatiotemporal overlap
with marine mammal distribution and subsistence hunts of marine mammals;
e The specific characteristics of the sound sources used in the proposed activity;
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e The availability and cost of the resources needed to carry out the measure;
e The timeframe, duration, and locations of other activities expected in the same season; and
¢ New information related to the likely success of the measure (from reports from previous years).

In this EIS, NMFS and BOEM present and assess a reasonable range of G&G, ancillary, and exploratory
drilling activities expected to occur, as well as a reasonable range of measures intended to reduce adverse
impacts on the human environment, in order to accurately assess the potential consequences of issuing
ITAs under the MMPA and permits under the OCS Lands Act. Based upon past lease sales, the timing of
the future scheduled lease sales in the 2012-2017 Five Year Program for the Arctic OCS, G&G permits,
ancillary activity notices, exploration drilling activities, and requests for ITAs, NMFS and BOEM have
determined a reasonable range and level of activities for which permits and authorizations may be
requested in the foreseeable future. While the level of activity proposed may vary from one year to the
next, the structure of the action alternatives represents a reasonable range of exploration activities for
which permits and authorizations may be requested.

2.4.3  Activity Definitions

The following discussion and table provide explanation and definitions for what is meant by the different
types of activities considered in each of the action alternatives in this EIS. In determining the potential
level of activity in each alternative, NMFS and BOEM reviewed the following information: results of
recent federal and state lease sales; the timing of the future scheduled lease sales in the 2012-2017 Five
Year Program for the Arctic OCS; and recent industry plans for both seismic surveys and exploratory
drilling programs in the Beaufort and Chukchi seas. Additionally, NMFS and BOEM considered the
logistical and technological limitations of conducting different levels of exploration activities when
developing the potential activity levels for each alternative.

Table 2.4 outlines what each type of survey or drilling program entails. The definitions for the various
programs include number of source and support vessels, types of sound sources used, time periods when
the activity could occur (i.e. open-water season only, ice-covered season only, etc.), number of days of
active operations, and size of the program activity area. Surveys or drilling programs could be conducted
by a single company or companies working together using the same vessels and equipment. These
definitions provide an overview of the components of each type of activity, and there may be slight
variations in how a particular activity is conducted from what is outlined in Table 2.4.

For analysis in this EIS, one “program” entails however many surveys or exploration wells a particular
company is planning for that season under a given EP. Each “program” would use only one source vessel
(or two source vessels working in tandem, e.g. OBC surveys) or drilling unit (i.e. drillship, jackup rig,
SDC, etc.) to conduct the program and would not survey multiple sites or drill multiple wells
concurrently. Survey vessels and drilling units are generally self-contained, with the crew living aboard
the vessel. For surveys in the Beaufort Sea, support operations would likely occur out of West Dock or
Oliktok Dock near Prudhoe Bay. Chukchi Sea surveys could be supported either from Wainwright or
Nome. Helicopters stationed at either Barrow (for operations in either the Beaufort Sea or Chukchi Sea)
or Deadhorse (for operations in the Beaufort Sea) would provide emergency or search-and-rescue support,
as needed.

Site clearance and shallow hazards survey programs are contemplated in each action alternative and may
also include ice gouge and strudel scour surveys and are often referred to as marine survey programs by
oil and gas industry operators. The ice gouge and strudel scour surveys often span several seasons of data
collection separate from the typical site clearance survey and do not involve the use of airguns but do
involve the use of smaller, higher-frequency sound sources, such as multibeam echosounders and sub-
bottom profilers. The area of a site clearance and shallow hazards survey, which is tied to a lease plan, is
typically determined by the number of potential, future drill sites in the area. Table 2.4 outlines the
typical types of sound sources used in these programs.
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The following alternatives are summarized in Table 2.5.

2.4.4 Alternative 1 — No Action

NEPA'’s implementing regulations require that the No Action Alternative be evaluated. Under the No
Action Alternative, NMFS would not issue any ITAs under the MMPA for seismic surveys or exploratory
drilling in the Beaufort and Chukchi seas, and BOEM would not issue G&G permits or authorize
ancillary activities in the Beaufort and Chukchi seas. If companies proceeded to operate in this area
without MMPA authorizations, any takes of marine mammals would occur in violation of the MMPA.

2.4.5 Alternative 2 — Authorization for Level 1 Exploration Activity

Alternative 2 is defined for analytical purposes as the following:

2.45.1 Level of Activity

e Up to four 2D/3D seismic or CSEM surveys in the Beaufort Sea and up to three 2D/3D seismic
or CSEM surveys in the Chukchi Sea per year, with up to one of that total number of surveys in
each sea done in-ice with ice breaking if necessary.

e Up to three site clearance and high resolution shallow hazards survey programs in the Beaufort
Sea and up to three site clearance and high resolution shallow hazards survey programs in the
Chukchi Sea per year.

e One on-ice seismic survey in the Beaufort Sea per year.

e One exploratory drilling program in the Beaufort Sea and one exploratory drilling program in the
Chukchi Sea per year. In the Beaufort Sea, the exploratory drilling program could occur in either
federal or State waters®.

2.45.2 Mitigation

e Including required Standard Mitigation Measures (described in Section 2.4.10) that are part of
every action alternative.

e Including a full analysis of a wide range of Additional Mitigation Measures (described in
Section 2.4.11) that could potentially be required through the MMPA process and could vary by
alternative (i.e. some might be different based on level and/or type of activity in a given year)

2.45.3  Assumptions

Seismic work in the Arctic has traditionally been conducted in open water (ice-free) months (July through
November), although this analysis addresses the possibility of one survey utilizing an icebreaker and
potentially continuing through mid-December. Seismic surveys are also conducted on-ice in areas where
there is bottom fast ice in the winter. These surveys generally occur from January through May. Each
survey takes between 30 and 90 days, depending on ice conditions, weather, equipment operations, size of
area to be surveyed, timing of subsistence hunts, etc. Because of the limited time period of open water, it
is likely that concurrent surveys would be conducted in the same general time frame and may overlap in
time, but will not overlap in space (i.e. within a minimum of approximately 24 km [15 mi] of each
independent survey operation) for reasons regarding data integrity. It is assumed for analytical purposes

% There are currently no State of Alaska leases in the Chukchi Sea. Therefore, exploratory drilling programs (in
addition to seismic surveys) are not contemplated in State of Alaska waters in the Chukchi Sea in this EIS.
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that at least one of the authorized 2D/3D seismic surveys in the Beaufort Sea and one in the Chukchi Sea
would utilize an ice breaker.

Exploratory activities (including deep penetration seismic, site clearance and high resolution shallow
hazards, and exploratory drilling) in the next three years are expected to be concentrated in areas of
purchased leases. Exploratory activities in other areas of the U.S. Arctic Ocean may also occur,
especially related to any sales in the Arctic OCS scheduled in BOEM’s next Five-Year OCS Leasing
Plan. Inthe U.S. Beaufort Sea, the two primary areas of interest for exploration are nearshore in Camden
Bay and Harrison Bay. In the U.S. Chukchi Sea, the areas of interest are all well offshore in the lease
areas, particularly around drill sites from the late 1980s, including Shell’s Burger, Crackerjack, and
Shoebill prospects; ConocoPhillips’ Klondike prospect; and Statoil’s leases in the northeast part of the
Lease Sale 193 area (see Figure 1.3).

2.4.6 Alternative 3 — Authorization for Level 2 Exploration Activity

Alternative 3 is defined for analytical purposes as the following:

246.1 Level of Activity

e Up to six 2D/3D seismic or CSEM surveys in the Beaufort Sea and up to five 2D/3D seismic or
CSEM surveys in the Chukchi Sea per year, with up to one of that total number of surveys in
each sea done in-ice with ice breaking if necessary.

e Up to five site clearance and high resolution shallow hazards survey programs in the Beaufort Sea
and up to five site clearance and high resolution shallow hazards survey programs in the Chukchi
Sea per year.

e One on-ice seismic survey in the Beaufort Sea per year.

e Up to two exploratory drilling programs in the Beaufort Sea and up to two exploratory drilling
programs in the Chukchi Sea per year. In the Beaufort Sea, exploratory drilling programs could
occur in either federal or State waters.

2.4.6.2 Mitigation

e Including required Standard Mitigation Measures (described in Section 2.4.10) that are part of
every action alternative.

e Including a full analysis of a wide range of Additional Mitigation Measures (described in
Section 2.4.11) that could potentially be required through the MMPA process and could vary by
alternative (i.e. some might be different based on level and/or type of activity in a given year).

Assumptions for the analysis of Alternative 3 would be the same as those listed for Alternative 2.

2.4.7  Alternative 4 — Authorization for Level 3 Exploration Activity®

Alternative 4 is defined for analytical purposes as the following:

24.7.1 Level of Activity

e Up to six 2D/3D seismic or CSEM surveys in the Beaufort Sea and up to five 2D/3D seismic or
CSEM surveys in the Chukchi Sea per year, with up to one of that total number of surveys in
each sea done in-ice with ice breaking if necessary.

% This alternative is new and was not included in the 2011 Draft EIS.
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e Up to five site clearance and high resolution shallow hazards survey programs in the Beaufort Sea
and up to five site clearance and high resolution shallow hazards survey programs in the Chukchi
Sea per year.

o One on-ice seismic survey in the Beaufort Sea per year.

e Up to four exploratory drilling programs in the Beaufort Sea and up to four exploratory drilling
programs in the Chukchi Sea per year. In the Beaufort Sea, exploratory drilling programs could
occur in either federal or State waters.

2.4.7.2 Mitigation

e Including required Standard Mitigation Measures (described in Section 2.4.10) that are part of
every action alternative.

e Including a full analysis of a wide range of Additional Mitigation Measures (described in
Section 2.4.11) that could potentially be required through the MMPA process and could vary by
alternative (i.e. some might be different based on level and/or type of activity in a given year).

Assumptions for the analysis of Alternative 4 would be the same as those listed for Alternative 2.

2.4.8 Alternative 5* — Authorization for Level 3 Exploration Activity With
Additional Required Time/Area Closures

Alternative 5 is defined for analytical purposes as the following:

2.4.8.1 Level of Activity

e Up to six 2D/3D seismic or CSEM surveys in the Beaufort Sea and up to five 2D/3D seismic or
CSEM surveys in the Chukchi Sea per year, with up to one of that total number of surveys in
each sea done in-ice with ice breaking if necessary.

e Up to five site clearance and high resolution shallow hazards survey programs in the Beaufort Sea
and up to five site clearance and high resolution shallow hazards survey programs in the Chukchi
Sea per year.

e One on-ice seismic survey in the Beaufort Sea per year.

e Up to four exploratory drilling programs in the Beaufort Sea and up to four exploratory drilling
programs in the Chukchi Sea per year. In the Beaufort Sea, exploratory drilling programs could
occur in either federal or State waters.

2.4.8.2 Mitigation

e Including required Standard Mitigation Measures (described in Section 2.4.10) that are part of
every action alternative.

¢ Including required time/area closures for specific areas important to biological productivity, life
history functions for specific species of concern, and subsistence activities. Activities would not
be permitted to occur in any of the areas listed here during the specific time/area closure periods
identified. Additionally, buffer zones around these time/area closures could potentially be
included. Buffer zones would require that activities emitting pulsed sounds would need to

* This alternative was previously identified as Alternative 4 in the 2011 Draft EIS. Some modifications to the
required time/area closures have been made to this alternative since publication of the 2011 Draft EIS, as noted
below.
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operate far enough away from these closure areas so that sounds at 160 dB re 1 puPa rms do not
propagate into the area or that activities emitting continuous sounds would need to operate far
enough away from these closure areas so that sounds at 120 dB re 1 yPa rms do not propagate
into the area. These areas are shown on Figures 3.2-25 and 3.2-26, and are described in detail in
Chapter 3, Sections 3.2.3 and 3.2.4, and under additional mitigation measures described in

Appendix A®:
o Kaktovik and Cross Island® — An area of importance for fall subsistence bowhead whale
hunting

= Bowhead whale subsistence hunting: late August — mid-September

= Except for emergencies or human/navigation safety, oil and gas exploration
operations shall not occur off Kaktovik or Cross Island or the designated buffer
zones from August 25 to the close of the fall bowhead whale hunt in Kaktovik
and on Cross Island.

o Barrow Canyon, the Western Beaufort Sea, and the Shelf Break of the Beaufort Sea — An
area of high biological productivity; a feeding area for bowhead and beluga whales; fall
subsistence bowhead whale hunting area.

= Bowhead whales: September — October
= Beluga whales: mid-July — late September

= Except for emergencies or human/navigation safety, oil and gas exploration
operations shall not occur within the Barrow Canyon area or the designated
buffer zones from August 25 to the close of the fall bowhead whale hunt in
Barrow.

o Hanna Shoal’ — An area of high biological productivity (benthic organisms); a feeding
area for various marine mammals (walrus and bearded seals).

=  Walrus: July — August (USGS 2011)
= Bearded Seals: September — October (Clarke et al. 2011a)

® In the 2011 Draft EIS, Camden Bay was included as one of the potential time/area closure locations that would be
required under this alternative because of its importance as a feeding area for bowhead whales and important
location for subsistence hunters to actively hunt the species. After further review of the most recent data and
literature, other areas of the Beaufort Sea, such as the Barrow Canyon and Western Beaufort Sea area (from Pt.
Barrow to Smith Bay) appear to be more important feeding areas for bowhead whales than does the Camden Bay
area (Clarke et al. 2011b, c, d). Additionally, hunters from Kaktovik do not venture into Camden Bay to hunt
whales but rather stay in close proximity to the community. For these reasons, Camden Bay is no longer considered
as a time/area location in this EIS. Additional information on the importance of the various locations for certain
biological and life history functions and for subsistence hunts is contained in Chapter 3.

® This time/area closure has been added since publication of the 2011 Draft EIS. The area just east of Kaktovik has
been identified as a feeding area for bowhead whales in the fall. Additionally, the waters just off Kaktovik and
Cross Island are important fall bowhead whale subsistence hunting areas by the communities of Kaktovik and
Nuigsut.

" Gray whales have been removed as a reason for designating Hanna Shoal as a time/area closure location. While
gray whales were consistently seen feeding in that area in September and October in the late 1980s and early 1990s
(Clarke and Moore 2002), gray whale sightings in Hanna Shoal have been very infrequent since aerial surveys
recommenced in 2008, and the area probably should not be considered a current gray whale feeding area (Clarke et
al. in prep.).
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Except for emergencies or human/navigation safety, oil and gas exploration
operations shall not occur within the Hanna Shoal area or the designated buffer
zones from July 1 — August 30.

Kasegaluk Lagoon — An important habitat for beluga whales (feeding, molting, calving)

and spotted seals; subsistence beluga whale hunting area.

Beluga whales: June — mid-July
Subsistence (Kasegaluk Lagoon beluga whale hunting): mid-June — mid-July
Spotted seals: August — October

Except for emergencies or human/navigation safety, oil and gas exploration
operations shall not occur within Kasegaluk Lagoon or the designated buffer
zones from June 1 — July 15.

Ledyard Bay — An important habitat for spectacled eiders and the northern edge of
important habitat for gray whales

Except for emergencies, human/navigation safety, or deployment of scientific
devices, oil and gas exploration operations shall not occur within the Ledyard
Bay Critical Habitat Unit or the designated buffer zones between July 1 and
November 15.

To the maximum extent practicable, aircraft supporting seismic operations shall
avoid operating below 1,500 ft (457 m) over the Unit between July 1 and
November 15.

Including a full analysis of a wide range of Additional Mitigation Measures (described in
Section 2.4.11) that could potentially be required through the MMPA process and could vary by
alternative (i.e. some might be different based on level and/or type of activity in a given year).
The time/area closures that are described in this section that are optional for Alternatives 2, 3, 4,
and 6 would not be optional but rather required under Alternative 5.

Assumptions for the analysis of Alternative 5 would be the same as those listed for Alternative 2.

2.4.9 Alternative 6° — Authorization for Level 3 Exploration Activity With

Use of Alternative Technologies

Alternative 6 is defined for analytical purposes as the following:

2491

Level of Activity

Up to six surveys (utilizing either airguns or an alternative technology, as described below) in the
Beaufort Sea and up to five surveys (utilizing either airguns or an alternative technology, as
described below) in the Chukchi Sea per year, with up to one of that total number of surveys in
each sea done in-ice with ice breaking if necessary.

Up to five site clearance and high resolution shallow hazards survey programs in the Beaufort Sea
and up to five site clearance and high resolution shallow hazards survey programs in the Chukchi
Sea per year.

One on-ice seismic survey in the Beaufort Sea per year.

® This alternative was previously identified as Alternative 5 in the 2011 Draft EIS.
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o For exploratory drilling programs, any level up to the maximum contemplated in this EIS, as the
technology only relates to seismic surveys. In the Beaufort Sea, exploratory drilling programs
could occur in either federal or State waters.

249.2 Mitigation

¢ Including required Standard Mitigation Measures (described in Section 2.4.10) that are part of
every action alternative.

e Including a full analysis of a wide range of Additional Mitigation Measures (described in
Section 2.4.11) that could potentially be required through the MMPA process and could vary by
alternative (i.e. some might be different based on level and/or type of activity in a given year),
potentially including new mitigations developed to apply to new technologies.

e Including specific additional measures that focus on the use of alternative technologies that have
the potential to augment or replace traditional airgun-based seismic exploration activities.

Assumptions for the analysis of Alternative 6 would be the same as those listed for Alternative 2.

2.4.10 Standard Mitigation Measures

The mitigation measures (and the identified mitigation monitoring needed to support them) listed below
are planned for inclusion as a requirement under every ITA issued for the type of activity identified. Full
descriptions of these measures are contained in Appendix A.

a)

b)

Detection-based measures intended to reduce near-source acoustic exposures and impacts on
marine mammals within a given distance of the source

2D/3D Seismic Surveys, Including In-ice Seismic; Site Clearance and High Resolution Shallow
Hazards Surveys

e Establishment and execution of 180 dB shutdown/power down radius for cetaceans and
190 dB shutdown/power down radius for ice seals, respectively.

e Specified ramp-up procedures for airgun arrays.
Protected Species Observers (PSOs; formerly referred to as Marine Mammal Observers
[MMOs]) required on all seismic source vessels and icebreakers, as well as on dedicated
monitoring vessels.

On-ice Seismic Surveys

o All activities must be conducted at least 152 m (500 ft) from any observed ringed seal lair.
o No energy source may be placed over a ringed seal lair.

Exploratory Drilling Activities

e PSOs required on all drill ships and ice management vessels.

Non-detection-based measures intended to more broadly lessen the severity of acoustic impacts
on marine mammals or reduce overall numbers taken by acoustic source

This measure would be required for all activities that occur during the open-water season and in-ice
(i.e. 2D/3D seismic, including in-ice surveys, site clearance and high resolution shallow hazards
surveys, and exploratory drilling activities).

o Specified flight altitudes for all support aircraft except for take-off, landing, and emergency
situations.
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c) Measures intended to reduce/lessen non-acoustic impacts on marine mammals

These measures would be required for all activities that occur during the open-water season and in-
ice (i.e. 2D/3D seismic, including in-ice surveys, CSEM surveys, site clearance and high resolution
shallow hazards surveys, and exploratory drilling activities).

e Specified procedures for changing vessel speed and/or direction to avoid collisions with
marine mammals.

d) Measures intended to ensure no unmitigable adverse impact to subsistence uses

These measures would be required for all activities that occur during the open-water season and in-
ice (i.e. 2D/3D seismic, including in-ice surveys, CSEM surveys, site clearance and high resolution
shallow hazards surveys, and exploratory drilling activities).

e Shutdown of activities occurring in specific areas of the Beaufort Sea corresponding to the
start and conclusion of the fall bowhead whale hunts in Nuigsut (Cross Island) and Kaktovik
beginning on August 25.

o Establishment and utilization of Communication Centers in subsistence communities when
oil and gas exploration activities and marine mammal subsistence hunts will occur at the
same time to address potential interference with marine mammal hunts on a real-time basis
throughout the season.

o Required flight altitudes and paths for all support aircraft in areas where subsistence occurs,
except during take-off, landing, and emergency situations.

2.4.11 Additional Mitigation Measures

The mitigation measures (and mitigation monitoring needed to support them) listed below will be
evaluated in Chapter 4, which could lead to some of these measures becoming Standard Mitigation
Measures in the Final EIS. In the future, these Additional Mitigation Measures will be evaluated in the
context of each specifically described activity to determine whether they should be required by NMFS in
a specific ITA or by BOEM in a specific G&G permit or ancillary activity notice approval to make the
necessary findings under the MMPA or the OCS Lands Act. In short, these measures may, or may not, be
incorporated in future permits and authorizations, depending on the specific activity and the analysis
conducted pursuant to the MMPA and the OCS Lands Act. Full descriptions of these measures are
contained in Appendix A.

a) Detection-based measures intended to reduce near-array acoustic exposures and impacts on
marine mammals within a given distance of the source

2D/3D Seismic and In-ice Surveys; Site Clearance and High Resolution Shallow Hazards Surveys;
Exploratory Drilling Activities

e Prior to conducting the authorized survey, the seismic array operator shall conduct sound
source verification tests for their airgun array configurations in the area in which the survey is
proposed to occur.

o All PSOs shall be provided with and use appropriate night-vision devices (e.g. Forward
Looking Infrared [FLIR] imaging devices, 360° thermal imaging devices), Big Eyes, and
reticulated and/or laser range finding binoculars in order to detect marine mammals within
the exclusion zones.

e Operators shall limit seismic airgun operations in situations of low visibility when the entire
safety radius cannot be observed (e.g., nighttime or bad weather).
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e Seismic operators shall use passive (or active) acoustic monitoring systems, in addition to
visual monitoring, to detect marine mammals approaching or within the exclusion zone and
trigger the shutdown of airguns.

o Enhancement of monitoring protocols and mitigation shutdown zones to minimize impacts in
specific biologic situations (e.g. expansion of shutdown zone to 120 dB or 160 dB when
cow/calf groups and feeding or resting aggregations are detected, respectively).

b) Non-detection-based measures intended to more broadly lessen the severity of acoustic impacts
on marine mammals or reduce overall numbers taken by acoustic source
These measures would be required for all activities that occur during the open-water season and in-
ice (i.e. 2D/3D seismic, including in-ice surveys, site clearance and high resolution shallow hazards
surveys, and exploratory drilling activities).

e Temporal/spatial limitations to minimize impacts in particular important habitats, including
Kaktovik and Cross Island, Barrow Canyon/Western Beaufort Sea, Hanna Shoal, the shelf
break of the Beaufort Sea, Kasegaluk Lagoon, and Ledyard Bay.

o Restriction of number of surveys (of same level of detail) that can be conducted in the same
area in a given amount of time (i.e. to avoid needless collection of identical data).

2D/3D Seismic, including in-ice surveys ONLY
e Separate seismic surveys are prohibited from operating within 145 km (90 mi) of one another.
c) Measures intended to reduce/lessen non-acoustic impacts on marine mammals
These measures would be required for all activities that occur during the open-water season and in-
ice (i.e. 2D/3D seismic, including in-ice seismic, CSEM surveys, site clearance and high resolution
shallow hazards surveys, and exploratory drilling activities).

o Vessel and aircraft avoidance of concentrations of groups of ice seals by 0.8 km (0.5 mi).

e Specified shipping or transit routes to avoid important habitat in areas where marine
mammals may occur in high densities.

Exploratory Drilling Activities ONLY

e Requirements to ensure reduced, limited, or zero discharge of any or all of the specific
discharge streams identified with potential impacts to marine mammals or marine mammal
prey or habitat.

e Operators are required to recycle drilling muds.

On-ice Seismic Surveys

e Use trained seal-lair sniffing dogs for areas with water deeper than 3 m (9.8 ft) depth contour
to locate seal structures under snow in the work area and camp site before initiation of
activities.

e Use trained seal-lair sniffing dogs to survey the ice road and establish a route where no seal
structures are present.

d) Measures intended to ensure no unmitigable adverse impact to subsistence uses
These measures would be required for all activities that occur during the open-water season and in-
ice (i.e. 2D/3D seismic, including in-ice surveys, CSEM surveys, site clearance and high resolution
shallow hazards surveys, and exploratory drilling activities).
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o No transit of exploration vessels into the Chukchi Sea prior to July 15 or until the beluga hunt
is completed at Point Lay.

o Vessels transiting east of Bullen Point to the Canadian border should remain at least 8 km
(5 mi) offshore during transit along the coast, provided ice and sea conditions allow.

o Shutdown of exploration activities in the Beaufort Sea for the Nuigsut (Cross Island) and
Kaktovik bowhead whale hunts based on real-time reporting of whale presence and hunting
activity rather than a fixed date.

o Shutdown of exploration activities in the Beaufort Sea for the Barrow bowhead whale hunts
from Pitt Point on the east side of Smith Bay to a location about half way between Barrow
and Peard Bay from September 15 to the close of the fall bowhead whale hunt in Barrow.

e Shutdown of exploration activities in the Chukchi Sea for the Barrow (the area circumscribed
from the mouth of Tuapaktushak Creek due north to the coastal zone boundary, to Cape
Halkett due east to the coastal zone boundary) and Wainwright (the area circumscribed from
Point Franklin due south to the coastal zone boundary, to the Kuk River mouth due west to
the coastal zone boundary) bowhead whale hunts based on real-time reporting of whale
presence and hunting activity rather than a fixed date.

e Shutdown of exploration activities in the Chukchi Sea for the Point Hope and Point Lay
bowhead whale hunts based on real-time reporting of whale presence and hunting activity
rather than a fixed date.

e Transit restrictions into the Chukchi Sea modified to allow offshore travel under certain
conditions (e.g. 32 km [20 mi] from the coast) if beluga whale, fall bowhead whale (Barrow
and Wainwright), and other marine mammal hunts would not be affected.

Exploratory Drilling Activities ONLY

e For exploratory drilling operations in the Beaufort Sea west of Cross Island, no drilling
equipment or related vessels used for at-sea oil and gas operations shall be moved onsite at
any location outside the barrier islands west of Cross Island until the close of the bowhead
whale hunt in Barrow.

2.4.12 Marine Mammal Monitoring Programs and Reporting Requirements

2.4.12.1 Monitoring Requirements

The MMPA and NMFS’ implementing regulations require that an applicant conduct monitoring of marine
mammals in the designated activity area. According to 50 CFR § 216.108(c), the monitoring program
must, if appropriate, document the effects (including acoustic effects) on marine mammals and document
or estimate the actual level of take as a result of the activity. Additionally, the program should increase
the knowledge of the affected species and/or increase knowledge of the anticipated impacts on marine
mammal populations.

Monitoring plans are submitted as part of the MMPA ITA application. NMFS reviews the monitoring
plans prior to issuing ITAs to ensure they meet the goals stated above. If an activity may affect the
availability of a marine mammal species or stock for taking for subsistence uses, the proposed monitoring
plan must be independently peer-reviewed prior to issuance of the ITA (16 U.S.C. 1371(a)(5)(D) and 50
CFR §216.108(d)).

There are two different types of monitoring that are most often included in monitoring plans submitted as
part of MMPA ITA applications. The first type is what NMFS often refers to as mitigation monitoring.
Mitigation monitoring is used to detect and localize marine mammals so that mitigation measures, which
ensure that the activity is being conducted in a way to effect the least practicable adverse impact on
marine mammals, their habitat, and on their availability for subsistence uses, may be implemented (e.g.
monitoring the area immediately adjacent to an activity to ensure there are no marine mammals about to
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enter the 180- or 190-dB exclusion zones). The second type of monitoring relates to the applicant’s
specific statutory responsibility to monitor marine mammals in order to document the potential effects
and level of take resulting from the applicant’s action and to increase knowledge of the species (e.g. use
of regional aerial surveys to assess changes in distribution).

Mitigation monitoring will be assessed along with the associated mitigation it accompanies, as described
above and in Appendix A and analyzed in Chapter 4. The second type of monitoring described above
will be further discussed in Chapter 5 through the following:

A more detailed description of the goals of the required monitoring.

A description/summary of the types of monitoring that have been required in the past and the
nature of the data that has been collected.

A discussion of the different methods/structure for peer-review used to date, including their
comparative success, and discussion of any recommended means of improving the peer-review
process.

A discussion of different methods/frameworks that NMFS could potentially use for:

o Identifying specific existing data gaps that can potentially be addressed through
monitoring; and

0 Prioritizing monitoring needs in advance to inform would-be applicants and management
decisions/recommendations.

2.4.12.2 Reporting Requirements

The following reports are planned to be included as requirements under every ITA; additional reporting
requirements that may be considered and required are discussed in Chapter 5.

90-day Report: A draft report will be submitted to the Director, Office of Protected Resources,
NMFS, within 90 days after the end of any activity authorized under an ITA in the Arctic Seas.
Additional reporting measurements may be required through the MMPA or ESA processes and
may be revised from year to year through the adaptive management process, however, at a
minimum the report will describe in detail: (i) the operations that were conducted; (ii) the results
of the acoustical measurements to verify the safety radii (if required); (iii) the methods, results,
and interpretation pertaining to all monitoring tasks; (iv) the results of that year’s shipboard
marine mammal monitoring; (v) a summary of the dates and locations of operations, including
summaries of mitigation measures that were implemented (e.g. power-downs, shutdowns, and
ramp-up delays); (vi) marine mammal sightings (species, numbers, dates, times and locations;
age/size/gender, environmental correlates, activities, associated seismic survey activities); (vii)
estimates of the amount and nature of potential take (exposure) of marine mammals (by species)
by harassment or in other ways to industry sounds; (viii) an analysis of the effects of operations
(e.g. on sighting rates, sighting distances, behaviors, movement patterns of marine mammals);
(ix) an analysis of factors influencing detectability of marine mammals; and (x) summaries of
communications with hunters and potential effects on subsistence uses.

The draft 90-day report will be subject to review and comment by NMFS. Any recommendations
made by NMFS must be addressed in the final report prior to acceptance by NMFS. The draft
report will be considered the final report for this activity under the Authorization if NMFS has not
provided comments and recommendations within 90 days of receipt of the draft report.

As described in Chapter 5, NMFS plans to engage industry applicants, scientists, and stakeholders
in the development of a comprehensive monitoring plan designed to better understand the
combined impacts of multiple oil and gas exploration activities in the Arctic.  This
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comprehensive plan may result in monitoring requirements intended to contribute to a broader
understanding of industry impacts, beyond those of one activity alone, and may necessitate
coordination between multiple companies in a given year to produce an integrated report. NMFS
will work with companies through the MMPA process, and any additional requirements of this
nature would be coordinated in advance and outlined in individual MMPA authorizations.

o When Field Source Verification is required, the distances to the various isopleths are to be
reported to NMFS within five days of completing the measurements. In addition to reporting the
radii of specific regulatory concern, distances to other sound isopleths down to 120 dB rms (if
measurable) will be reported in increments of 10 dB.

o NMFS will make the final reports available to the public on the NMFS Office of Protected
Resources website.

In recent years, the Alaska offices of NMFS, BOEM/BSEE, and the USFWS have held weekly
monitoring and mitigation meetings while seismic surveys and exploratory drilling activities have
been underway. Industry operators attended those meetings on a weekly or bi-weekly basis and
provided real-time data on marine mammal observations and any interactions and mitigation
measures taken. While not required in the MMPA ITAs, these meetings have proved to be
extremely helpful in providing an avenue for immediate feedback to operators, and some changes
in location or timing of activities to reduce potential impacts to protected species have been
implemented as a result of the meetings. As a result of the usefulness of these meetings, they are
likely to continue into the future.

2.5 Alternatives Considered but Dismissed From Further Evaluation

Comments received during the scoping process have suggested features that should be incorporated into
project alternatives (Table 2.1). Many of these have been incorporated into the alternatives considered for
analysis in this EIS (Section 2.4). However, others have been dismissed from further consideration after
careful review. These are described in the following sections:

2.5.1 Permanent Closures of Areas

Through the scoping process, a suggestion was put forward that certain areas of the Beaufort and Chukchi
seas should be permanently closed to oil and gas leasing due to environmental sensitivity. The
appropriate mechanism for considering exclusion of areas from leasing is when BOEM requests public
comments on its Five Year OCS Oil and Gas Leasing Program and later when considering lease sales as
described at the leasing stage of the OCS Lands Act. During the Five-Year Program stage, the public is
afforded the opportunity to make recommendations regarding the size, timing, and location of proposed
lease sales for the next five years. At the lease sale stage, BOEM invites the public to make comments
regarding a specific sale and potential exclusions.

The President of the United States can place a moratorium on an area or the U.S. Congress can
permanently close an area. The current alternatives in this EIS consider a wide array of geographic
restrictions that could be used, alone or in combination, to mitigate impacts to different resources in the
context of the specific activity that is being permitted.

Applicants come to NMFS requesting take authorization for specified activities. The MMPA states that if
NMFS finds that the specified activity itself, or with the implementation of mitigation and monitoring
measures, will have a negligible impact on affected marine mammal species or stocks and will not have
an unmitigable adverse impact on the availability of affected marine mammal species or stocks for taking
for subsistence uses, NMFS shall issue the requested ITA. NMFS is required to make these decisions on
an application-specific basis, and there is no mechanism in Section 101(a)(5) to preemptively
permanently close an area to all oil and gas activity.
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NEPA does not preclude the consideration of alternatives that the lead agency(s) cannot implement or
enforce, however, nor does it require the consideration of alternatives that do not meet the purpose and
need of the EIS. In this case, NMFS is using this EIS to inform decisions of whether to issue ITAs
pursuant to Section 101(a)(5) of the MMPA, and the analysis of a permanent closure alternative does not
add value, especially considering the broad array of geographic restrictions that are considered within the
action alternatives carried forward for analysis. In this case, BOEM is using this EIS to inform decisions
on issuing G&G permits and authorizing ancillary activities. The analysis of a permanent closure
alternative does not add value, especially considering the broad array of geographic restrictions that are
considered within the action alternatives.

As noted above, NMFS and BOEM may, and do in the alternatives carried forward, consider temporary
restrictions, such as time/area closures (see Alternative 4) and other mitigation measures to avoid or
minimize adverse effects on marine mammals, other marine resources, and subsistence harvest activities
through their respective authorities.

2.5.2 Caps on Levels of Activities and /or Noise

During the scoping period, commenters suggested that there should be a cap established to limit the total
number of oil and gas seismic and exploratory drilling activities that may occur in the EIS project area on
a per season basis. The alternatives carried forward for analysis in this EIS include a range of exploration
activities at different activity levels. While these separate activity level alternatives do not function as
“caps,” they do serve as the maximum annual level of activities for which NEPA coverage under this EIS
exists for NMFS’ and BOEM’s issuance of ITAs and permits, respectively, in a given year. If the
agencies receive additional requests for authorizations and permits for such activities beyond the level
analyzed in this PEIS or within the alternative selected in an ensuing Record of Decision, NMFS and
BOEM would need to conduct additional NEPA analyses before making a final determination on those
requests.

There is little, if any, quantitative data upon which BOEM or NMFS could justify designating a particular
activity-level cap. The impacts of sound exposure on marine mammals can vary greatly depending upon
context (i.e. where, when, and how the activities and marine mammals overlap) and the likely impacts
from a particular combination of multiple activities can vary even more depending on the context of each
activity, which is not known prior to the submittal of applications. This EIS will specifically analyze the
likely effects of individual oil and gas activities in different particular contexts (e.g. in marine mammal
feeding areas, during subsistence hunts), further generally analyze the likely impacts of multiple
activities, including a qualitative assessment of how specific contextual factors would affect the multiple
activity analysis, and analyze the implementation of mitigation measures intended to minimize
environmental impacts from both individual activities and multiple activities occurring at once (e.g.
minimum distances between seismic vessels), all of which will be used in the context of specific industry
requests to support NMFS’ and BOEM’s decisions in a given season. NMFS will also continue to require
monitoring that contributes to the understanding of marine mammal responses to both individual and
multiple activities, which is then used to better inform future decisions.

An OCS lease authorizes a lessee to engage only in “ancillary activities” that receive further
environmental review to determine if they will cause any harm to the environment and are only approved
if the activity does not cause “undue or serious harm or damage to the human, marine, or coastal
environment” (30 CFR Parts 550.105, 550.202, and 550.209; see also 43 U.S.C. 1340[c} approval
required prior to exploration]. The U.S. Supreme Court has recognized that “[u]nder OCSLA’s plain
language, the purchase of a lease entails no right to proceed with full exploration, development, or
production. . .; the lessee acquires only a priority in submitting plans to conduct these activities”
(Secretary of the Interior v. California, 464 U.S. 312, 339 [1984]).
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BOEM has the statutory authority to make a decision on exploratory drilling activities. NMFS does not
authorize the exploration activities, but rather authorizes the take of marine mammals incidental to
specified activities. As discussed above, NMFS must consider every application and shall issue the ITA
if the requisite findings are made.

Similarly, a commenter recommended that this EIS include an alternative wherein BOEM and NMFS use
a phased, adaptive approach for increasing oil and gas activities in the Beaufort and Chukchi seas or issue
permits and authorizations in alternating years for each sea (e.g. only issue permits and authorizations for
the Beaufort Sea in odd numbered years and only issue permits and authorizations for the Chukchi Sea in
even numbered years). The information in the paragraphs immediately above supports our decision not to
carry these alternatives forward for consideration (i.e. there are no data to support such a decision and
NMFS must consider every application and shall issue the ITA if the requisite findings are made).
Additionally, there are little to no data to support an analysis of such alternatives.

Separately, a commenter suggested that a sound cap or sound budget that limits the total amount of noise
(from oil and gas exploration sounds, as well as other sounds that are not part of the proposed action)
allowed per season should be considered as an alternative. The factors discussed in the paragraphs above
(activity level caps) apply to this recommendation as well. Additionally, there are insufficient data to
support a cumulative noise cap as the current understanding of the likely impacts from noise and ability to
quantify those impacts are generally limited to observed responses to a single sound source. EXxisting data
support the identification of received levels above which particular species might be expected to respond
in a particular manner that NMFS would consider a take (either injury or behavioral harassment), and it is
possible, within the context of the area and expected ensonification around one sound source, to use those
levels to evaluate the scope of likely effects in advance and develop measures intended to minimize
impacts or avoid injury. There is information showing generally (mostly for overlap in space and time
between low frequency sound sources and low-frequency hearing specialists) that the higher the noise
level in a given area, the higher the likelihood that it will interfere, to some degree, with a marine
mammal’s ability to communicate with conspecifics or collect other important environmental information
(which supports the general goal of reducing noise, which is explored both in mitigation measures and
alternatives in this EIS). However, there is no specific information regarding at what level or over what
period of time an elevated overall background noise will trigger any specific significant impacts to marine
mammal health or fitness, which would make the designation of a noise cap an arbitrary and
unsupportable action. Additionally, the soundscape will vary based on bathymetry, the sound speed
profile of the water, and where any contributing sources are located in relationship to one another in space
and time, which means that it would be very difficult to predict and then establish a “noise cap” in
advance with any accuracy in the absence of the details of proposed activities. Last, even if justified, this
recommendation would be very difficult (if not impossible) to effectively implement since other entities
conducting activities that do not require an MMPA authorization (which would also be contributing to the
soundscape) have no responsibility either to indicate their future plans or report their prior sound
production, which would be necessary for the budget “accounting.”

In Chapter 4, NMFS will consider the combined noise impacts from multiple surveys. Similarly, in the
cumulative impact analysis, NMFS will consider the potential noise (and other types of) impacts from
other known activities occurring in the EIS project area. This information will be analyzed on a
qualitative basis and potentially in the development of mitigation or monitoring measures contained in
this EIS. Additionally, NMFS and BOEM are aware of several ongoing scientific efforts to better
quantify different aspects of potential cumulative impacts in the Arctic (e.g. the Cumulative Effects of
Anthropogenic Sound on Marine Mammals Workshop sponsored by British Petroleum [BP] and the
NOAA Sound Mapping Working Group) and any applicable available preliminary or final products will
be considered in the EIS, as appropriate. While NMFS will consider the potential impacts from exposure
over time to multiple sound sources in this document, a “budget” implies a quantitative management of
total sound that cannot currently be supported by the science.
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2.5.3 Duplicative Surveys

A question was raised as to why restrictions could not be placed on companies that are repeating seismic
surveys in the same geographic area. Based upon the OCS Lands Act and applicable regulations (30 CFR
Parts 550 and 551), BOEM does not have the discretion to require companies to share proprietary data,
combine seismic programs, change lease terms, or prevent companies from acquiring data in the same
geographic area. The agency does not have the authority to deny seismic permits simply on the grounds
that they are duplicative — meaning the acquisition of the exact same data using the exact same equipment
and technology in the exact same location. Continuing improvements in seismic survey technology,
operations, and data processing could provide better quality data, which would support better decisions
and higher drilling success rates (i.e., fewer unsuccessful wells or “dry holes”). To improve data quality
and imaging in the same area, surveys have been shot, for example, in different orientations, using
different cable lengths, using new wide azimuth techniques, or using multi-component sensors. Some
improvements resulted in deeper imaging, others in better imaging. Also, all seismic surveys are not the
same, even when the exact equipment and technology is being used. Variances in the use of the exact
same equipment and technology provide different data sets that have the potential to produce information
to assist in subsequent exploration.

However, NMFS and BOEM are both committed to supporting the reduction of unnecessary sound in the
water.

2.5.4 Zero Discharge

Through the scoping process, a suggestion was put forward that “zero discharge” practices should be
implemented to eliminate discharges of waste into the marine environment. Part of the impetus for
making this suggestion was the fact that Norway, in cases, implements zero discharge standards. An
additional basis for this particular recommendation was a specific voluntary “zero discharge” proposal by
one oil and gas operator (i.e. Shell Qil) to manage five specific waste streams within its lease blocks near
Camden Bay in the Beaufort Sea by:

1) collecting sanitary waste, bilge water, ballast water, and domestic waste (i.e. gray water) on the
drillship, and subsequently transporting those waste materials for disposal out of the activity area;
and

2) collecting and disposing of drilling fluids and drill cuttings after the well casing is set in the top
hole and the riser is installed at an offsite location.

However, oil and gas exploration activities generate a wide range of waste streams in addition to those
associated with the current “zero discharge” proposal put forth by Shell Qil.

The Beaufort and Chukchi NPDES general permits issued by the EPA regulate discharges of drilling
fluids and drill cuttings; deck drainage; sanitary wastes; domestic wastes; uncontaminated ballast water;
bilge water; desalination unit wastes; blowout preventer fluid; boiler blowdown; fire control system test
water; non-contact cooling water; excess cement slurry; and muds, cuttings, and cement at seafloor. The
general permits include effluent limitations and monitoring requirements specific to each of the
discharges, with additional restrictions for the discharge of drilling fluids and drill cuttings, including no
discharge starting on August 25 until fall bowhead whale hunting activities have been completed by the
communities of Nuigsut and Kaktovik in the Beaufort Sea.

The Beaufort and Chukchi general permits also require environmental monitoring programs conducted at
each drill site location before, during, and after drilling activities. The general permits also include
numerous seasonal and area restrictions.

Under the MMPA, NMFS has the authority to require the implementation of mitigation measures to effect
the least practicable adverse impact to marine mammals and their habitat and to ensure that there is no
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unmitigable adverse impact to the subsistence uses of these species. NMFS will consider as additional
mitigation measures, within the action alternatives carried forward for analysis, the reduction, limitation,
or elimination of the discharge of specific wastes that may potentially impact marine mammals or marine
mammal habitat. NMFS does not have the authority to require mitigation measures that limit discharge
streams for which there is no science supporting the link to impacts to marine mammals or their habitat.
Again, NEPA does not preclude the consideration of alternatives that the lead agency(s) cannot
implement or enforce, however, nor does it require the consideration of alternatives that do not meet the
purpose and need of this EIS. NMFS does not intend to include an alternative that includes zero
discharge of all waste streams, as it will not add value to this analysis. Rather, the EIS will analyze the
limitation (zero discharge or reduced discharge) of the subset of discharge streams associated with
impacts to marine mammals or their habitat in the Additional Mitigation section. The mitigation analysis
looks at how the limitation will reduce potential adverse impacts to marine mammals and their habitat or
to subsistence uses of marine mammals, the effectiveness of the measure, and the practicability for
applicant implementation. This analysis/approach will more effectively support NMFS’ purpose and
need.

2.5.5 Level of Exploratory Drilling Programs Commensurate with the
Number of Lease Holders in the Beaufort and Chukchi Seas

An alternative representing a high level of exploration activity (i.e., equal to the number of lease holders
in the Alaskan Beaufort and Chukchi Seas) was considered but eliminated from further analysis. As per
the CEQ regulations (40 CFR 1502.14), it was the intent of NMFS and BOEM to consider a range of
reasonable alternatives to the proposal. CEQ guidance on this regulation states:

“40 CFR Section 1502.14 requires the EIS to examine all reasonable alternatives to the proposal.
In determining the scope of alternatives to be considered, the emphasis is on what is "reasonable"
rather than on whether the proponent or applicant likes or is itself capable of carrying out a
particular alternative. Reasonable alternatives include those that are practical or feasible from the
technical and economic standpoint and using common sense, rather than simply desirable from
the standpoint of the applicant” (CEQ, Forty Most Asked Questions Concerning NEPA
Regulations, Quest. 2a, March 23, 1981).

Speaking to this concern during the commenting period on the December 2011 Draft EIS, oil and gas
industry representatives encouraged NMFS to consider a broad range of exploration scenarios. The
industry representatives expressed concern that with so many existing leases, the maximum development
alternative at the time—a total of four exploration projects, two in the Beaufort Sea and two in the
Chukchi Sea—was too limiting.

There are currently 183 leases in the Beaufort Sea and 487 leases in the Chukchi Sea, for a total of 670
leases. There are 11 lessees/owners of these leases. The intention with the range of alternatives analyzed
in the EIS is not to limit the amount of exploration and development but rather to address realistic
scenarios. The extreme case would be to analyze a total of 670 Arctic exploration projects (one for each
lease), but this is unrealistic given the logistical and technological limitations for such an undertaking—it
would challenge common sense. On the other hand, the possibility of analyzing an alternative that allows
for one exploration program per lease holder, for a total of 11 concurrently operating exploration projects,
does bear a closer look.

Each exploration project in the Arctic requires extensive commitment of resources and personnel. Recent
projects permitted in the Chukchi Sea have required up to five support vessels in addition to the drillship
itself: at least one ice management vessel, an anchor handler vessel, two supply ships, and possibly a
shallow water landing craft. Drilling operations would also be attended by a number of spill response
vessels, some that would remain with the drillship and some that would simply be available to respond as
needed. In addition to vessel support, each drilling project would require fixed wing air support to
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transport personnel from the shore base to the nearest regional jet service and helicopter support for
multiple weekly runs to rotate crews and transport supplies.

There are limitations to the numbers of drill rigs/drill ships, icebreakers, oil-spill response vessels, and
other support equipment generally available to support Arctic drilling operations. For example, there are
currently only four drilling rigs ready to operate in the Arctic. Further, there are minimum timelines to
consider in terms of permitting and regulatory process. Shell is the only lessee/operator currently
permitted by DOI to begin exploratory drilling in the Beaufort Sea and Chukchi Sea Planning Areas.
Even if Shell discovers commercial quantities of oil in 2013, potentially increasing interest in Arctic
exploration, it is very unlikely that more than eight drilling programs (as analyzed under Alternative 4)
would be operational in the time frame of this EIS. Such a scenario would require more resources than
are currently available and is not reasonably foreseeable. Therefore, an alternative representing a higher
level of activity (more than 8 programs) will not be analyzed further in this EIS. However, the absence of
an alternative analyzing a higher level of activity does not limit the number of possible drilling programs.
Should a higher level of activity be proposed at some point in the future, further NEPA analysis would be
developed to analyze those requests.

2.6 Comparison of Impacts

Table 2.6 presents a summary of impacts to all resources from Alternative 1 through Alternative 6.
Summary impact conclusions are identified in the table for each resource. The methodology for
determining the level of impact is discussed in  Chapter 4, Section 4.1.3.
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3.0 AFFECTED ENVIRONMENT

This chapter describes the physical, biological, and social resources that are affected by the issuance of
ITAs by NMFS or the authorization of G&G permits and authorization of ancillary activities in the U.S.
Beaufort and Chukchi seas by BOEM. The objective of this section is to describe baseline conditions for
the analysis of direct and indirect effects of the alternatives and the cumulative effects analysis presented
in Chapter 4 of this document.

The following descriptions of the affected environment have been compiled from several other sources,
including NMFS and BOEM documents. In many cases, the original documents are referenced and the
pertinent information has been summarized. In other cases, pertinent sections of documents have been
reproduced from the original. All source documents are cited in the text with full references in Chapter 7
of this document.

3.1 Physical Environment

3.1.1 Physical Oceanography

3.1.1.1  Water Depth and General Circulation

The Beaufort and Chukchi seas are the northernmost seas bordering Alaska. The Beaufort and Chukchi
seas are parts of the Arctic Ocean, but both are linked, atmospherically and oceanographically, to the
Pacific Ocean. The atmospheric connection involves the Aleutian Low, which affects regional
meteorological conditions. The oceanographic link is via the Bering Strait, which draws relatively warm
nutrient-rich water into the Arctic Ocean from the Bering Sea (Weingartner and Danielson 2010).

The Beaufort Sea is a semi-enclosed basin with a narrow continental shelf extending 30 to 80 kilometers
(km) (19 to 50 miles [mi]) from the coast (Figure 3.1-1) (Chu et al. 1999). The Alaskan coast of the
Beaufort Sea is about 600 km (373 mi) in length, reaching from the Canadian border in the east, to the
Chukchi Sea at Point Barrow in the west. The continental shelf of the Beaufort Sea is relatively shallow,
with an average water depth of about 37 m (121 feet [ft]). Bottom depths on the shelf increase gradually
to a depth of about 80 m (262 ft), then increase rapidly along the shelf break and continental slope to a
maximum depth of around 3,800 m (12,467 ft) (Figure 3.1-2) (Weingartner 2008, Greenberg et al. 1981).
Numerous narrow and low relief barrier islands within 1.6 to 32 km (1 to 20 mi) of the coast influence
nearshore processes in the Beaufort Sea (Brown et al. 2010).

The shallow continental shelf waters of the Beaufort Sea are subjected to seasonally varying conditions,
such as heating, cooling, wind stress, ice formation and melting, and terrestrial freshwater input. Seasonal
variations in the temperature and salinity of the continental shelf waters are large (Chu et al. 1999). Such
physical and chemical gradients influence the productivity and trophic structure of the Beaufort Sea shelf.
Freshwater discharge from the Mackenzie River, along with numerous smaller rivers and streams
distributed along the coast, create an environment that is estuarine in character, especially in late spring
and summer. In addition, coastal erosion and river discharge are responsible for introducing high
concentrations of suspended sediment and associated terrestrial organic carbon into the near shore zone.
These terrestrial inputs of organic carbon, identifiable on the basis of isotopic composition, are important
to the functioning of the Beaufort Sea shelf ecosystem (Dunton et al. 2006).

The Chukchi Sea is predominantly a shallow sea with a mean depth of 40 to 50 m (131 to 164 ft). Gentle
mounds and shallow troughs characterize the seafloor morphology of the Chukchi Sea (Chu et al. 1999).
The Chukchi Sea shelf is approximately 500 km (311 mi) wide and extends roughly 800 km (497 mi)
northward from the Bering Strait to the continental shelf break (Weingartner 2008). Beyond the shelf
break, water depths increase quickly beyond 1,000 m (3,281 ft). The western edge of the Chukchi Sea
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shelf extends to Herald Canyon, and the eastern edge is defined by Barrow Canyon (Pickart and
Stossmeiser 2008), which separates the Beaufort and Chukchi seas.

Mean northward flow of relatively warm nutrient-rich water through the Bering Strait occurs due to the
Pacific-Arctic pressure gradient (Weingartner and Danielson 2010). This pressure gradient propels
Bering Strait water through the Chukchi Sea along three principal pathways that are associated with
distinct bathymetric features: Herald Valley; the Central Channel; and Barrow Canyon (Figure 3.1-3).
This northward flow opposes the prevailing winds, which are from the northeast (Weingartner and
Danielson 2010). The northward flows of relatively warm nutrient-rich water through the Bering Strait
are largely responsible for the ecological characteristics of the Chukchi shelf, including its ability to
support large and diverse marine mammal populations (Springer et al. 1996).

3.1.1.2  Currents, Upwelling and Eddies
Beaufort Sea

Three oceanic geographic regions influence the movement of Beaufort Sea waters: 1) Pacific waters that
flow from the Chukchi Sea shelf through the Barrow Canyon; 2) the offshore boundary of the Beaufort
Sea shelf and slope; and 3) the Mackenzie shelf (Weingartner 2008).

Pacific Ocean waters that exit the Chukchi shelf through Barrow Canyon comprise the first regime
(Mountain et al. 1976, Weingartner 2008). Some of this outflow continues eastward along the Beaufort
shelf break and contributes to thermohaline stratification in the Canada Basin (Mountain et al. 1976,
Weingartner 2008), while some of the water exiting the Barrow Canyon appears to spread offshore
(Shimada et al. 2001).

The second oceanic regime includes the outer shelf and continental slope. Along the outer shelf and
continental slope, the Beaufort undercurrent, or shelf break jet, carries Bering Sea water from the Chukchi
Sea between late spring and early fall; from mid-fall to mid-spring, warmer, saltier Atlantic Water
upwelled from greater depths is transported by the Beaufort undercurrent jet (Pickart 2004, Weingartner
2008, Nikolopoulos et al. 2009). The jet configuration changes seasonally. From late spring to early fall,
the subsurface jet carries Bering Sea water, and from mid-fall to mid-spring upwelled Atlantic water is
transported by the Beaufort undercurrent jet (Pickart 2004). Wind-driven upwelling is occasionally
strong enough to push the undercurrent onto the shelf (Weingartner 2008, Pickart et al. 2011). This flow
along the Beaufort Sea slope appears to be highly unstable, and it is therefore likely to be a source for the
numerous eddies that extend into the Canada Basin (Shimada et al. 2001, Weingartner 2008).

The Mackenzie shelf forms the eastern boundary of the Alaska Beaufort Sea shelf and also characterizes
the third oceanic regime that influences Beaufort Sea waters. Although there are few measurements in
this area, it appears that discharge from the Mackenzie River influences the eastern Alaskan Beaufort Sea,
and that northeast winds may occasionally force Mackenzie waters onto the Alaska Beaufort Sea shelf
(Weingartner 2008).

Winds, river water, and sea ice influence circulation in the Beaufort Sea (Weingartner et al. 2009).
During a brief period in the spring when the river stage increases rapidly as the snow pack melts, river
water overfloods the ice and creates a freshwater lens (Dickens et al. 2011). Currents during the open
water period (July to mid-October) correlate with local winds, whereas during the landfast ice period,
underlying shelf waters are separated from surface stresses, such as wind (Weingartner et al. 2009).
Nearshore currents are weak when landfast ice is present, and strengthen during the open water period
(Weingartner 2008). Potter and Weingartner (2010) found that along-shore winds accounted for
approximately 75 percent of the along-shore surface current variance and that winds accompanying strong
storms lead to rapid turnover of Beaufort Sea shelf waters.

Prevailing northeasterly winds contribute to onshore and westward flow of sea ice onto the shelf, which
promotes upwelling of sub-surface waters along the shelfbreak (Weingartner 2008, Weingartner et al.
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2009). During the open-water season, mid-water currents may be greater than 20 cm/s (0.4 knots), but
during the landfast ice period (mid-October through June) the mid-water currents are generally less than
10 cm/s (0.2 knots). Tidal currents in the Beaufort Sea shelf area are relatively weak, at less than 3 cm/s
(0.06 knots) (Weingartner et al. 2009). Rates of cross-shore flows are also usually small, at less than
3 cm/s (0.06 knots), but freshwater inputs from numerous rivers in the area are responsible for greater
rates of cross-shore flow during the spring (Weingartner et al. 2009).

Chukchi Sea

Circulation through the Chukchi Sea is primarily influenced by topography, while variability in flow is
primarily wind driven (Weingartner et al. 2005). Mean flow through the Chukchi Sea is generally
northward against the prevailing northeasterly winds (Weingartner 2008). Herald Canyon and Barrow
Canyon influence the northward flow of Pacific waters (Pickart et al. 2011), and Hanna Shoal diverts
central shelf water northeastward toward the continental slope and eastward along the southern edge of
the shoal (Figure 3.1-3) (Weingartner et al. 2005, Weingartner et al. 2011).

Pacific water flowing through the Bering Strait crosses the Chukchi Sea by three main pathways: 1) a
western branch flows northwestward through Herald Canyon; 2) a second branch flows across the Central
Channel shelf; and 3) a third branch flows northeastward along the Alaska coast toward Barrow Canyon
and the junction of the Chukchi and Beaufort shelves (Weingartner 2008). During summer, the third
branch includes the northward extension of the Alaska Coastal Current, which merges with eastward
flowing water from the central shelf within Barrow Canyon (Weingartner 2008, Woodgate et al. 2005).
Pacific water flowing through Herald and Barrow Canyons contributes to a boundary current that flows
east into the Beaufort Sea (Pickart and Stossmeister 2008) (Figure 3.1-3).

During the spring and fall, the Siberian Coastal Current carries water from the Siberian coast into the
Chukchi Sea. The Siberian Coastal Current moves offshore near the Bering Strait, mixes with Bering
Strait water, and then flows through Herald Canyon and across the central Chukchi shelf. This process is
seasonal, occurring during the spring and fall, as the Siberian Coastal Current is absent or weak during
winter (Weingartner 2008, Weingartner et al. 2011).

Mean current speeds are greatest within Herald Canyon and Barrow Canyon (~25 cm/s or 0.5 knots),
moderate in the central channel (~10 cm/s or 0.2 knots), and generally much slower (less than 5 cm/s or
0.1 knots) elsewhere on the shelf (Weingartner et al. 2005, Weingartner 2008). Maximum current speeds
of ~100 cm/s (about 2 knots) have been recorded in Barrow Canyon, while maximum flow rates of up to
50 cm/s (1 knot) have been recorded elsewhere (Weingartner et al. 2011).

Wind strongly influences current flow and flow variability. Wind magnitude and variability are highest in
fall and winter and lowest in summer (Weingartner 2008). Flow through Long Strait and Barrow Canyon
correlate well with local winds, whereas flow through Herald Canyon does not (Woodgate et al. 2005).

3.1.1.3  Temperature and Salinity
Beaufort Sea

Throughout the summer, temperature increases and salinity decreases due to surface warming and
associated ice melting and freshwater input from rivers to the Beaufort Sea. The sea surface temperature
increases to a maximum value near 8 °C, and the sea surface salinity decreases to a minimum value below
20 practical salinity units (psu) (Chu et al. 1999). During summer, profiles of temperature and salinity in
the Beaufort Sea show a multilayer structure, with a shallow layer of warm low-salinity water overlying
cooler saltier deep layers. A rapid (one to two weeks) collapse to the freezing point (~-1.7 °C) occurs in
autumn (usually in early October), after which temperatures remain near-freezing until late June or early
July. At that time, temperatures slowly increase and reach 0 °C by late July. During summer, salinity
varies from 14 to 32 psu, with the lowest salinities observed immediately following the decay of the
landfast ice. After the ice forms in October, salinities increase and attain values of 34 to 35 psu by
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January due to the expulsion of salt from growing sea ice. Thereafter, salinities remain relatively constant
through winter and spring before slowly starting to decrease in June. Following the removal of ice and
the first significant wind-mixing event, salinities decrease rapidly in nearshore areas as a result of low-
salinity ice meltwater and freshwater input from rivers (Weingartner et al. 2009). During winter,
temperature decreases and salinity increases as freezing expels brine from sea ice (Weingartner et al.
2009).

Chukchi Sea

Temperature and salinity in the Chukchi Sea vary seasonally and are influenced by sea ice formation and
melting. During winter (January to May), shelf waters cool to the freezing point, and salinity in the water
increases during sea ice formation. Salinities decrease as ice melts and Bering Sea water moves onto the
shelf during spring and summer (Weingartner 2008, Woodgate et al. 2005, Weingartner et al. 2011).

During the spring season (May to July) warm water (above 0 °C) appears in the southern Chukchi Sea
due to the gradual increase of solar radiation and warm water advected through the eastern Bering Strait
(Chu et al. 1999). During the summer season (July to August), the deep water can still be cold (0 to 3
°C), depending upon location on the shelf. However, surface water temperatures can be above 9 °C in the
southern Chukchi Sea. During the fall season, the surface water temperatures of the southern Chukchi
Sea cools but still remains relatively warm (2 to 6 °C).

During the winter season (November to April), radiative cooling makes the whole Chukchi Sea surface
temperature fall below 0°C (Chu et al. 1999).

Water properties also vary regionally across the Chukchi Sea. The eastern Chukchi is influenced by the
warmer, fresher waters of the Alaskan Coastal Current and eastern Bering Strait (Woodgate et al. 2005).
The largest seasonal variability in temperature and salinity occurs in the eastern Chukchi, where
variations in ice cover modify the shelf waters (Woodgate et al. 2005). The western Chukchi, influenced
by Anadyr waters from south of the Bering Strait, is generally colder and saltier than the eastern Chukchi
(Weingartner 2008). Waters in Herald Valley include flow from the Bering Strait and cold salty water
formed in winter on the Chukchi shelf near Wrangel Island (Weingartner 2008). These water masses mix
with one another as they flow out of the Herald Valley and create a new water mass (Figure 3.1-3)
(Pickart et al. 2011, Weingartner 2008).

3.1.14 Tides and Water Levels
Beaufort Sea

Recent tide gauge observations at Barrow show coastal water levels are driven primarily by the wind
stress and barometric pressure changes from the passage of storm centers and frontal passages (Gill et al.
2011). Storm surge on the coast and coastal water level withdrawal can be significant (about 1 m [3.3 ft]
amplitude; Gill et al. 2011). Highest montly sea levels generally occur in August and lowest monthly
mean sea levels generally occur in March. Winds from the west are associated with positive surges, and
winds from the east are associated with negative surges.

In the Beaufort Sea, tides propagate from west to east along the coast. Tidal ranges in the Beaufort Sea
are relatively small, ranging from 0.3 to 0.7 m (1 to 2 ft), depending on location (VanderZwaag and
Lamson 1990). Although tides do not seem to exert an important influence on the oceanography of the
Beaufort Sea shelf, they may play an important role in sea ice dynamics. Storm surges influence coastal
erosion, and may influence the time at which landfast ice breaks away from the shore (MBC 2003).

Anecdotal observations suggest that wind speed and direction may drastically influence water levels
along the Beaufort Sea coast. In a Northstar public meeting, Thomas Napageak described the interaction
between wind and water levels as follows: “...you don’t get...high tides [storm surges] on a northeast
wind.... But when we’ve got the southwesterly wind, that’s when the tide [water level] comes up.”
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(Napageak, in Dames and Moore, 1996). Frank Long, Jr., described how a rising tide or storm surge can
force water over the top of sea ice and flood river drainages: ““If there’s enough water that comes in, it’ll
bring the ice up, plus water will be flowing...up over the edge.” (Long, in Dames and Moore 1996). An
example of a negative storm surge also was observed by Nuigsut whaling captains who reported that in
1977, the water drained out of a bay near Oliktok Point and then came back in (Dames and Moore 1996).

Chukchi Sea

Tides are small in the Chukchi Sea, and the tidal range is generally less than 0.3 m (1 ft). Tidal currents
are largest on the western side of the Chukchi and near Wrangel Island, ranging up to 5 cm/s (0.1 knots)
(Woodgate et al. 2005). Storm surges are both positive and negative. Winds from the west are associated
with positive surges, and winds from the east are associated with negative surges. In late fall, the lack of
sea ice increases the open-water area, enhancing water transport and increasing wave height (Lynch and
Brunner 2007).

3.1.15  Stream and River Discharge
Beaufort Sea

Freshwater input from the Mackenzie River, the Colville River, and numerous other rivers affects a range
of physical and chemical parameters in the Beaufort Sea (Weingartner et al. 2009).

With the exception of the Mackenzie River, these rivers usually do not flow year-round. Flow is minimal
or absent throughout the winter. Stream flow begins in late May or early June as a rapid flood event that
can inundate extremely large areas in a matter of days (MMS 2008). During the spring flood, river waters
flow under landfast ice in narrow (1 to 2 m [3 to 7 ft]), highly stratified plumes. The plumes can spread
20 km (12 mi) or more offshore and transport large quantities of fresh water, sediments, and associated
nutrients to offshore waters (Weingartner et al. 2009). Most streams continue to flow throughout the
summer but at rates much lower than during the spring flood event (Weingartner et al. 2009, Weingartner
2008).

Chukchi Sea

The Kivalina, Kobuk, Kokolik, Kukpowruk, Kukpuk, Noatak, Utukok, Pitmegea, and Wulik Rivers flow
into the Chukchi Sea. There are also numerous other small streams and inlets (several unnamed) that feed
the Chukchi Sea on the U.S. side. These rivers, streams, and inlets have local effects on the salinity,
temperature, and nutrient concentrations of the receiving waters. Discharges from the Red Dog Mine, a
large zinc hardrock mine, flow into tributaries of the Wulik River, which discharges into the Chukchi Sea.
These discharges are treated to remove dissolved metals. The treatment of the discharged water has
improved the water quality downstream of the mine so that now the Red Dog Creek supports a population
of spawning and rearing Arctic Grayling and Dolly Varden.

3.1.2 Sea lce

3121 Ice Dynamics

Sea ice, formed by the freezing of sea water, is a dominant feature of the Arctic environment. Annual
formation and decay of sea ice influence the oceanography and dynamics of the Beaufort and Chukchi
seas, impacting the physical, biological, and cultural aspects of life in this region. Sea ice generally
reaches its maximum extent in March and minimum extent in September.

Ice cover consists of drifting pack ice over the middle and outer shelf and landfast ice on the inner shelf
(Weingartner 2008). Landfast ice usually starts to form in October and can extend 20 to 40 km (12 to
25 mi) offshore. Stamukhi, or grounded ice, forms along the seaward edge of the landfast ice. It may
help protect the inner shelf from forces exerted by pack ice (Weingartner et al. 2009).
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Sea ice covers the Beaufort shelf for about nine months of the year (MBC 2003). In recent years, the
Alaska Beaufort Sea shelf has been ice-free from late-July through early October (Weingartner 2008).
Sea ice formation in the Chukchi Sea begins in mid-October near Wrangel Island, while the central
Chukchi may remain ice free through early November. By December, the entire region is generally ice-
covered (Woodgate et al. 2005).

Ifiupiat hunters in Barrow describe three basic sea-ice zones: 1) Tuvag is the innermost zone of landfast
ice, which consists of first-year ice mixed with varying amounts of multi-year ice; 2) Uifiig includes the
open lead, or flaw lead, and the ice fragments moving within it, which is a very dynamic area where seal
and whale hunting occur; and 3) Sarri is the outer realm of pack ice comprised of fast and varying
currents and shifting sea ice (George et al. 2004).

3.1.2.2 Landfast Ice

Landfast ice is, by definition, stationary. It is contiguous with the land and strongly associated with the
20 m (66 ft) isobath, where it coincides with grounded ridges of ice (Eicken et al. 2006). Coastline and
bathymetry are the primary determinants of landfast ice extent (Mahoney et al. 2007a). Most landfast ice
is floating and held in place by non-floating landfast ice. Tide cracks commonly form in landfast ice
along northern Alaska beaches in response to sea level fluctuations affecting the floating ice (Mahoney et
al. 2007b).

A combination of processes lead to the formation patterns of landfast ice (Eicken et al. 2006). Wind and
current patterns during fall and winter are critical to ice formation (George et al. 2004). Landfast ice
generally starts forming in October, and, at its maximum extent in March and April, covers roughly
25 percent of the Beaufort shelf area (Weingartner 2008, Mahoney et al. 2007a). Formation of landfast
ice is a complex process, and the landfast ice may form, break up, and reform several times before
becoming stable (Eicken et al. 2006, Mahoney et al. 2007b).

The ice retreats with the onset of spring in May and June (Eicken et al. 2006). Timing of the ice retreat
correlates with increasing temperature and atmospheric changes (Mahoney et al. 2007a). Areas of open
water (e.g. polynyas and leads), act as heat sinks for solar radiation and allow for increased wind and
wave action, which destabilizes landfast ice (Mahoney et al. 2007a).

The landfast ice is important to the biology, economy, and cultures of the Arctic. It is used by various
seal species, polar bears, and Arctic fox, is critical to Ifiupiat hunting, and has been used as a platform for
transportation in nearshore areas (George et al. 2004, Eicken et al. 2006).

3.1.23 Stamukhi

The stamukhi ice zone lies seaward of the landfast ice and is characterized by pressure ridges, leads, and
polynyas (large areas of open water) resulting from interactions between relatively stable landfast-ice and
mobile pack-ice. In the Chukchi Sea, the most intense ridging occurs in waters from 15 to 40 m (49 to
131 ft) deep, while moderate ridging extends seaward and shoreward of these regions (MMS 2007a). In
the Beaufort Sea, ridges occur at depths ranging from 18 to 25 m (59 to 82 ft) (Mahoney et al. 2007a).
Grounded ridges help to stabilize the seaward edge of the landfast-ice zone. Extensive sea-ice rafting
may occur in areas adjacent to pressure ridges, and ice thicknesses of two to four times the sheet thickness
may be found within a few hundred meters of the ridge. Shear ridges are straighter, usually have one
vertical side, and are composed of ice pieces that range in size from a few centimeters to several meters.
The outer edge of the stamukhi zone advances seaward during the ice season (MMS 2007a).

3.1.24 Pack Ice and Ice Gouges

During winter, movement in the pack ice zone of the Beaufort Sea generally is small and tends to occur
only during strong wind events of several days’ duration. The long-term direction of ice movement tends
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to be from east to west, however, there may be short-term perturbations from this general trend due to
variable weather (MMS 2008).

The seabed of the Alaskan Beaufort Sea shows evidence of modification by ice keels, which gouge the
seafloor. The keels of sea-ice pressure ridges cut through seafloor sediments to form “V’ shaped incisions
called gouges, also referred to as scours. Gouging is associated with ice keels driven by forces from the
associated ice pack. An OCS study commissioned by MMS (2006-059) noted that ice gouges occur
almost everywhere in the Arctic, from shore to water depths of at least 40 m (131 ft) (Palmer and
Niedoroda 2005 cited in MMS 2006-059). Most ice gouges are less than 0.5 m (2 ft) deep, but the
deepest gouges exceed 2 m (7 ft) in depth (NRC 2011). It should be noted, however, that maximum ice
gouge depths are not indicative of maximum ice keel penetration depths due to the preferential infill of
ice gouges during sediment redistribution events (Barnes and Reimnitz 1979). One study of ice gouging
in the Alaskan Beaufort Sea showed that the maximum number of gouges occur in the 20 to 30 m (66 to
99 ft) water-depth range (Machemehl and Jo 1989). Earlier work by Weeks et al. (1983) found no
relationship between ice gouge density and water depth in deeper water but reported the presence of
relatively fewer gouges along shallower segments in the lagoons between Smith Bay in the west to near
Camden Bay in the east (Weeks et al. 1983 in MMS 2006-059). In contrast, data from 5,329 gouges in
the Canadian Beaufort Sea from 1974 to 1990 showed a decreasing density of gouges in deeper water
(from about 1.5 gouges/km in about 8 m to about 0.22 gouges/km in 30 m of water) (Chayes et al. 2006 in
MMS 2006-059). There are a variety of potential explanations for the differences in reported ice gouge
density distributions across water depth, but the resolution of such discrepancies is outside the scope of
this report. Ice gouges are considered important by pipeline engineers involved in the design and burial
of Arctic offshore pipelines (Machemehl and Jo 1989). Because a great amount of force (on the order of
100 meganewtons) is required to cut a deep ice gouge, it is impractical to design a pipeline to withstand
such force (Palmer and Niedoroda 2005 as cited in MMS 2006).

3.1.25  Leads and Polynyas

Polynyas are semi-permanent areas of open water that can be up to thousands of square kilometers in size
(ACIA 2005). There are generally two types of polynyas: persistent polynyas that form off of south and
west facing coasts, and north coast polynyas that form along north facing coasts (Stringer and Groves
1991). The frequency with which polynyas change from ice-covered to open water and vice-versa is
influenced by wind, currents, and solar warming (Stringer and Groves 1991).

Leads are open channels, or lanes of water that form between large pieces of ice as a result of forces
generated by winds and /or currents. Flaw leads occur along landfast ice when winds separate drift ice
from fast ice (ACIA 2005). Pack ice shifting north is the simplest way for a lead to form along the
landfast ice edge. Leads formed this way are generally narrow and short lived. Leads most commonly
open along the boundary between landfast ice and pack ice. Pack ice moving parallel to landfast ice may
generate leads well inside of the pack ice boundary (Eicken et al. 2006).

Spatial patterns of lead occurrence and size are consistent between years in the eastern Chukchi and the
central Beaufort seas. The number of leads and mean size of leads are greater in the eastern Chukchi and
off the Mackenzie Delta than in the central Beaufort Sea. Prevailing easterly winds usually force ice
offshore in these areas and create recurring leads and polynyas along the landfast ice. Linear leads are
prevalent in winter, while patches of open water are more common in late May or early June (Eicken et
al. 2006).

Ice conditions to the west of Point Barrow are more dynamic than to the east, with leads radiating out of
Point Barrow (Eicken et al. 2006). Point Barrow juts out into the Beaufort and Chukchi Seas, forming an
obstacle to westward drifting Beaufort Sea pack ice (Mahoney et al. 2007a). As a result, the area to the
west of Point Barrow in the Chukchi Sea is dominated by a semi-permanent polyna or flaw zone (Norton
and Gaylord 2004). Grounded ice on Hanna Shoal also creates a series of leads. Ice movement is more
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stagnant in the eastern Beaufort, and winter breakouts are more common in the western Beaufort and
eastern Chukchi (Eicken et al. 2006).

Leads and polynyas are important habitat for several seal species, polar bears, and migrating bowhead and
beluga whales. Ifiupiat hunters rely on these leads and open water for spring whaling of bowheads from
April to June (Norton and Gaylord 2004).

3.1.2.6  Changes in Sea Ice

Arctic sea ice is changing in extent, thickness, distribution, age, and timing of melt. Analysis of long-
term data sets show substantial decreases in both extent (area of ocean covered by ice) and thickness of
sea ice cover during the past 30 years. Sea ice extent, the primary measure by which Arctic ice conditions
are judged, has been monitored using satellite imagery since 1979. The annual maximum extent (March)
and minimum extent (September) are the measures used for interannual comparisons (Perovich et al.
2012). The September 2012 minimum ice extent was the second lowest since 1979 (Perovich et al. 2012;
see Figure 2.1). The summers of 2007 to 2012 experienced the six lowest minimums in the satellite
record; nine of the ten lowest minimums occurred during the last decade (NSIDC 2011b, Perovich et al.
2012). The March 2010 ice extent was four percent lower than the 1979 to 2000 average. A time series
of anomalies in sea ice extent (1979 to 2009) reveals both interannual variability and general decreasing
trends. March ice extent decreased at a rate of 2.7 percent per decade, while September extent decreased
13 percent per decade (Perovich et al. 2012, NSIDC 2011b).

Sea ice age is another indicator of ice cover and changes. Following the record summer melt of 2007,
there was a record low amount of multiyear ice (ice that has survived at least one summer melt season) in
March 2008. Multiyear ice increased modestly in 2009 and 2010. Despite this, 2010 had the third lowest
March multiyear ice extent since 1980. Most of the 2-3 year old ice remained in the central Arctic due to
atmospheric patterns in the winter of 2010. Although some older ice from north of the Canadian
Archipelago moved into the Beaufort and Chukchi seas, it did not survive the summer melt period
(Perovich et al. 2010).

Loss of multiyear ice is considered a key factor in ice thinning and retreat in the Beaufort and Chukchi
shelves. Ice older than five years decreased by an estimated 56 percent from 1982 to 2007 (Stroeve et al.
2008). Analysis of a satellite-derived record of sea ice age for 1980 through March 2011 shows a
particularly extensive loss of the oldest ice types. The fraction of multiyear sea ice in March decreased
from about 75 percent in the mid 1980s to 45 percent in 2011, while the proportion of the oldest ice
declined from 50 percent of the multiyear ice pack to 10 percent (Maslanik et al. 2011). Multiyear ice (as
detected by satellite) was studied in the winters from 1979-2011. The extent and area are declining at
rates of -15.1 percent and -17.2 percent per decade, respectively. A record low value occurred in 2008
followed by higher values in 2009, 2010, and 2011 (Comiso 2011). The Beaufort and Chukchi seas have
experienced reductions of overall mean thickness of level ice due to the replacement of multi-year by
first-year ice over large areas (Shirawasa et al. 2009).

The landfast ice season has shortened since the 1970s, with coastlines being ice-free over a month earlier
for the Beaufort Sea and two weeks earlier for some areas of the Chukchi Sea (Mahoney et al. 2012).
Landfast ice has also been less stable in recent years, with break-offs at the beach occurring as late as
January and February, or near to the beach in March. Lack of multiyear ice and decreased pressure ridges
decrease stability and increase the likelihood of early break-offs and break-up events (George et al. 2004).

Ifiupiat hunters have described these changes to the landfast ice, including thinning ice, changing pressure
ridge patterns, and the loss of multiyear ice. These changes affect the ability to haul large whales onto the
ice during spring whaling (Gearheard et al. 2006).
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3.1.3 Geology

This section presents brief summaries of the regional geologic setting, stratigraphy and petroleum
resources of northern Alaska, exploration history of the Alaska North Slope region, potential targets of
undiscovered oil and gas resources in the Arctic Alaska offshore, and Arctic Alaska seafloor features.
The Alaska Outer Continental Shelf lies north of the petroleum-resource rich Alaska North Slope where
the large Prudhoe Bay oil-field was discovered in 1968 by Atlantic Richfield. The surface and subsurface
geology of the Alaska North Slope is very complex and has been studied extensively by numerous
workers within federal and state agencies, academia, and the oil and gas industry over the last 50 years.
Limited exploration has occurred on federal lands within the Alaska Outer Continental Shelf (OCS)
region that includes the Beaufort Sea and Chukchi Sea along the northwest coast of Alaska between
Kotzebue and Barrow. The rocks under the Beaufort and Chukchi seas of the Arctic Ocean within the
Alaska OCS are interpreted by examination of rocks exposed at surface, those encountered during
exploration activities onshore north of the Brooks Range the south, from the 35 exploration wells drilled
in Alaska OCS waters and from wells drilled near-shore within State of Alaska waters, within three miles
of the coastline. The onshore and near-shore surface and subsurface rocks have been grouped into the
Arctic Alaska Petroleum Province by numerous previous workers. The Arctic Alaska Petroleum Province
is also referred as the Northern Alaska Province. These workers speculate that a large portion of
conventionally recoverable oil and gas in Alaska OCS federal off-shore waters (Beaufort and Chukchi
seas of the Arctic Ocean) occur in rocks similar in age and composition to those found within the Arctic
Alaska Petroleum Province (Houseknecht and Bird 2006, Bird 2001). In the early 1990s the Northstar
(Seal Island) field was discovered and is recognized as the first petroleum producing field from Arctic
Alaska federal offshore lands. The Northstar field lies within both State of Alaska and federal waters
north of Prudhoe Bay.

For planning purposes the following terms, as defined in Undiscovered Oil and Gas Resources, Alaska
Federal Offshore-As of 2006 (Minerals Management Service 2006b), are utilized by stakeholders when
describing physiographic and geologic features and economic assessments of petroleum resources. MMS
2006a Common Assessment Terms is quoted below for brevity:

e Prospect - an untested geologic feature having the potential for trapping and accumulating
hydrocarbons.

e Pool - a subsurface accumulation of liquid or gaseous hydrocarbons, typically within a single
stratigraphic interval, that is hydraulically separated from any other hydrocarbon accumulation.

o Field - a pool or grouping of related pools, sufficiently large to be economically producible.

o Play — a family of geologically related prospects, having similar hydrocarbon source, reservoir,
and trapping mechanism.

e Basin — a large downwarped region serving as a center of sediment deposition. It can contain
numerous geologic plays.

e Province - a large area or region unified geologically by a single dominant structural element or a
number of contiguous elements. A province can be defined to contain a single basin or may
contain several related or similar basins.

e Planning Area — an administrative subdivision of an offshore area used as the initial basis for
considering blocks to be offered for lease in the Department of Interior offshore oil and gas
leasing program.

e Undiscovered, technically recoverable resources (UTRR) — focus on geologic attributes. The
resource potential is estimated without being constrained by economic considerations, such as the
existence of transportation infrastructure to take the resources to market. The only constraint is
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that conventional recovery techniques are assumed. The reported resources are those that would
be produced at the surface, but estimates of recovery efficiency are based on current, known
techniques. Ranges of values imply that some improvement in efficiency is considered, but
dramatic improvements from unknown future techniques are not included.

3.1.3.1  Regional Physiography

The Arctic Alaska offshore region is divided into five distinct physiographic features (Figure 3.1-14).
The boundaries of the features are delineated by geology, geography, water depth, and bathymetric
surface relief of seafloor morphology. From east to west they include the Beaufort Shelf, the Canada
Basin-Beaufort Shelf, the Chukchi Borderland, the Chukchi Shelf, and the Hope Basin. The Canada
Basin-Beaufort Slope lies north of the Beaufort Shelf where its border with the Beaufort Shelf is
recognized by sharp break in bathymetric slope that extends north and is expressed as a deep-water
abyssal plain. This abyssal plain increases in depth northward and is ice-covered throughout much of the
year. North of the Chukchi Shelf and west of the Canada Basin-Beaufort Slope is the Chukchi
Borderland. The Chukchi Borderland is composed of submarine ridges and basins that trend north-south
with water depths greater than 1,000 m (3,281 ft). Along the sub-sea boundaries of the features marked
by sharp breaks in slope morphology, gravity-driven slope failures indicate that the most historically
active seafloor features are gravity-driven slope failures (Grantz et al. 1994).

The Beaufort Sea area of the Alaska continental shelf is approximately 100 km (60 mi) wide, with water
depths ranging from 10 to 200 m (30 to 660 ft). The Beaufort Shelf contains many barrier islands and
shoals that are generated from sediment deposition at river mouths. The barrier islands and shoals origins
are considered erosional remnants of coastal plain sediments, and constructional islands. The
constructional islands are eventually overridden by storm surges, and migrate landward and to the west
due to longshore marine currents.

The Chukchi Sea area is an approximately 600-km (400-mi) wide shallow embayment of the Arctic
Ocean. The floor of the Chukchi Sea is a broad, northerly inclined, continental shelf in water depths
generally less than 61 m (200 ft). Two shoals, the Hanna and Herald, lie within the Chukchi Sea (MMS
2006a). These shoals rise above the surrounding seafloor to approximately 20 m (66 ft) below sea level.
In the Barrow and Hanna submarine canyons, water depths range from 50 to 200 m (160 to 660 ft) (MMS
2008).

The Hope Basin is bounded on the west by the U.S.-Russia maritime boundary and to the east by the
northwest coastline of Alaska south of Point Hope into Kotzebue Sound, continuing southward along the
northwestern coast of the Seward Peninsula near the Bering Strait. The Hope Basin province includes the
easternmost part of the larger South Chukchi-Hope basin that extends 483 km (290 mi) west into Russian
waters (MMS 2006a, Gautier and Klett 2010, Gautier et al. 2009). The Chukchi Borderlands is bounded
on the south by the Chukchi Shelf, on the west by the Arlis Plateau, and on the east by the Northwind
Ridge that separates the borderlands from the abyssal plain of the Canada Basin (Figure 3.1-14).

3.1.3.2  Regional Geologic Setting

The following summary of the geologic setting of north and northwest Alaska is based on previous work
conducted by Alaska Department of Natural Resources (ADNR) (2009), Bird (2001), Gautier et al.
(2009), Gautier and Klett (2010), Grantz et al. (1994), Houseknecht and Bird (2006), MMS (20064,
2006b, 2008), Sherwood (1998, 2006), and Sherwood et al. (1996, 2001). Rocks within the continental
shelves beneath the Beaufort and Chukchi Seas are recognized as direct geological extensions of rocks
found onshore and near-shore in northern Alaska. Northern Alaska is a geologically complex region that
over the last 400 million years (my) has undergone periods of tectonic plate collisions, continental rifting,
regional uplift, and episodes of major erosion and sedimentary deposition. The principle geologic
features of northern Alaska are presented in Figure 3.1-14. The Devonian age Chukchi and Arctic
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platforms are the oldest geologic features of the Arctic Alaska Petroleum Province and are recognized as
remnants of a stable continental margin that existed in Northern Alaska some 345 to 395 million years
before present [myBP].

The stable continental margin continued to exist through early Mesozoic time (about 200 myBP). The
Chukchi and Arctic platforms are separated by the Hanna Trough that straddles the U.S.-Russia maritime
boundary and extends from Point Lay northward to the North Chukchi Basin and straddles the U.S.—
Russia maritime boundary. The Hanna Trough is a structural depression characterized by extensional
normal faulting that received thick accumulation of sediments during Mississippian time (310 to
345 myBP) and into the early Mesozoic (Houseknecht and Bird 2006). The Barrow Arch is recognized as
the expression of the onset of continental rifting (spreading apart) during the Late Jurassic through Early
Cretaceous time (100 myBP). The trace of the Barrow Arch roughly parallels the northern Alaska
coastline from Prudhoe Bay west past Point Barrow and continues to the northwest extending to the North
Chukchi Basin (Figure 3.1-14). During this period of continental rifting, tectonic uplift dominated to the
north of the Barrow Arch, whereas south of the arch, deposition of sediments continued into Cretaceous
time. The oceanic Canada Basin and associated passive margin resulted from the development of the
Barrow Arch (Houseknecht and Bird 2006). Also during this time of rifting along the southern margin of
the Arctic and Chukchi platforms, a volcanic arc-continent collision perpetrated the creation of the
Brooks Range, the adjacent Colville foreland basin, and the Herald Arch. The Herald Arch begins at the
west end of the Brooks Range just south of Point Hope and extends northward to Cape Lisburne and
continues west toward the North Chukchi Basin. The Herald Arch separates the Hope Basin to the south
from the Chukchi Shelf on the north (Figure 3.1-14).

With continued uplift of the Brooks Range came deposition of sediments to the north onto the coastal
plain during Early Cretaceous through Tertiary time (145 to 2 myBP). During Tertiary time convergent
deformation events created the fold-and thrust belt of rocks that extends northward from the Brooks
Range and is referred as the Foothills Belt (Houseknecht and Bird 2006, ADNR 2009, Bird 2001, Grantz
et al. 1994).

3.1.3.3  Stratigraphy and Petroleum Resources

Geoscientists believe that a large portion of the undiscovered, technically recoverable oil and gas in
Alaska OCS federal offshore waters will be found in the Beaufort and Chukchi seas of the Arctic Ocean.
The Beaufort and Chukchi seas are predicted to contain 89 percent of the oil and 79 percent of the gas
resources of the Alaska OCS. The Beaufort and Chukchi seas are estimated in the mean case to contain
more than 23 billion barrels of oil and over 104 trillion cubic feet of gas (MMS 2006b).

Northern and Arctic Alaska

Evidence from surface outcrops, exploration drilling, and geophysical assessments have identified four
major geologic sequences of rocks north of the Brooks Range, each having a unique structural setting,
sediment source area, and depositional environment. These rock sequences extend north and northwest
beneath the Beaufort and Chukchi shelves and are geologically important in the Arctic Alaska Petroleum
Province. The four major rock sequences from oldest to youngest are the Franklinian, Ellesmerian,
Beaufortian, and Brookian. The stratigraphic record of rocks within the Arctic Alaska Petroleum
Province includes Precambrian age rocks (more than 600 myBP). The Precambrian age rocks have
undergone intense periods of temperature and pressure changes that erase the potential of hosting
economic quantities of petroleum hydrocarbons. Rocks within Northern Alaska with a potential for
petroleum accumulation have ages of 310 to 345 myBP (Mississippian) and younger (Bird 2001,
Houseknecht and Bird 2006).

The pre-Mississippian age Franklinian sequence consists of fractured carbonate, argillite, quartzite,
volcanic, and granitic rocks that represents the stable continental platform before Devonian time (345 to
395 myBP). The Franklinian sequence was deformed, uplifted, and eroded during Cambrian (500 to
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600 myBP) through Devonian time. Following the uplifting event, the Franklinian high was eroded and
was the northerly source of sediments for the Ellesmerian sequence. The Franklinian rocks have
undergone burial and metamorphism. This characteristic has given the Franklinian sequence rocks
limited petroleum potential and they are considered to be the economic basement rocks of the Arctic
Alaska Petroleum Province (ADNR 2009, Houseknecht and Bird 2006).

The Ellesmerian sequence consists of marine carbonates and quartz- and chert-rich clastic rocks and is the
most important sequence geologically in terms of petroleum production. The Ellesmerian sequence rocks
were deposited over a 150 my period during the Mississippian through Early Jurassic time (approximately
195 myBP). The Ivishak Formation is an alluvial fan-delta complex that was deposited within the
Ellesmerian sequence in Permo-Triassic time (200 to 300 myBP) and forms the reservoir for the giant
Prudhoe Bay Oil Field that has produced over 12 billion barrels of oil (ADNR 2009). Continental shelf
deposits of the Ellesmerian accumulated on a south-facing passive margin of the Arctic Platform
(Houseknecht and Bird 2006). To the west, thick accumulations of Ellesmerian strata were deposited into
the Hanna Trough. On the Chukchi Platform beyond the trough, Ellesmerian sediments are rare and when
present have very limited thickness. Although the Ellesmerian sequence contains both petroleum source
and reservoir rocks, petroleum was not generated in the source rocks, which lie near the top of the
sequence, until they were buried by Beaufortian and Brookian deposits (Houseknecht and Bird 2006).

The Jurassic and Lower Cretaceous age (approximately 150 to 100 myBP) Beaufortian sequence is
associated with uplift and faulting within the Barrow Arch. This sequence is also referred as the
Beaufortian Rift sequence. Uplift and faulting of the Franklinian and Ellesmerian sequences resulted in
normal fault blocks consisting of horst (highlands) and graben (basin) structures. The grabens were filled
with sediments from nearby locally uplifted or block-faulted Ellesmerian and Franklinian sequences
forming the Beaufortian Rift sequence. During this period of geologic time the Barrow Arch formed
along the northern reaches of the Beaufort Coast. The Beaufortian sequence consists of fine-grained
sediments (mudstones and siltstones) that contain petroleum source and reservoir rocks. Uplift and
erosion along the Barrow Arch created a regional erosion boundary referred to as the Lower Cretaceous
Unconformity or LCU. The LCU helped create secondary porosity in potential reservoir rocks and an
associated migration conduit to transport oil and gas from source rocks. Some of the largest oil
accumulations in Northern Alaska are attributed to the LCU. The large spatial erosional activity
attributed to the LCU is geologically significant by helping to create secondary porosity in potential
reservoir rocks and creating a conduit for the migration of oil and gas into these enhanced porosity
reservoirs (ADNR 2009). Evidence of this geologically significant erosion event is provided by three
prolific oil producing formations within the Ellesmerian sequence, the Kuparuk A Sandstones, and the
Ivishak and Kekiktuk formations, all three of which lie directly below the LCU (ADNR 2009).
Cretaceous age fine-grained sediments that overlie the unconformity act as a seal, thereby creating
structural and stratigraphic traps (Houseknecht and Bird 2006).

Cretaceous and Tertiary age deposits that originated from erosion of the Brooks Range high are assigned
to the Brookian sequence. These sediments were shed from the Brooks Range during latest Cretaceous
and Paleocene time (60 to 70 myBP), filling the Colville foreland basin and trough, and continued
seaward eventually topping the Barrow Arch and extending beyond the coastline onto Alaska’s
continental margin. Throughout the North Slope basin the Brookian sequence rocks host large petroleum
accumulations. The Brookian sequence consists of marine mudstone (Hue Shale); deep marine sequences
of mudstone and sandstone (Torok, Seabee, and Canning Formations); and shallow-marine to nonmarine
sandstone, mudstone, and conglomerate (Nanushuk, Tuluvak, Prince Creek, Schrader Bluff, and
Sagavanirktok Formations). The non-marine sediments all contain amounts of coal-bearing strata
intertwined within the host rocks (Houseknecht and Bird 2006). The Hue Shale contains organic-rich
beds that are important oil source rocks. The Brookian sequence mudstones may contain gas source
rocks. The marine and nonmarine sandstone reservoir rocks with documented oil and gas accumulations
occur within both structural and stratigraphic traps within the Brookian sequence (Houseknecht and Bird
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2006). Documented oil and gas accumulations and fields within the Brookian sequence include West
Sak, Schrader Bluff, Ugnu, Flaxman Island, and Badami. One known field of the Brookian sequence is
recognized in the OCS, the Hammerhead accumulation (ADNR 2009).

The Quaternary age unconsolidated sediments of the Gubik Formation exposed onshore on the Alaska
North Slope unconformably overlie low indurated sediments of the upper Brookian sequence. The Gubik
formation sediments consist of sand and gravel deposits derived by erosional activity within the last
million years from both the Brookian sequence and the present day Brooks Range (ADNR 2009).

Hope Basin

The Hope Basin is disconnected from rocks found within onshore Alaska north of the Brooks Range and
the Arctic offshore north of the Herald Arch. The Hope Basin lacks most of the key geological attributes
that are found in northern Alaska which are favorable to creation of petroleum deposits. In U.S. waters,
the Hope Basin is filled with Cenozoic age (up to 65 myBP) rocks with characteristics that suggest gas is
the dominant resource (Sherwood 1998). Cretaceous age (65 to 145 myBP) rocks with potential oil
attributes may lie within the Hope Basin in Russian waters (Sherwood 1998, Gautier and Klett 2010).
Outcrops surrounding Hope Basin indicate that basin fill consists of Eocene age (34 to 56 myBP)
volcanics, volcaniclastics, conglomerates and sandstones, which are overlain by Oligocene age (24 to
34 myBP) shallow-marine to nonmarine sandstones, siltstones, and conglomerates (MMS 2006a). The
Hope Basin also includes the smaller local Kotzebue basin. The two basins are separated within the
planning area by the Kotzebue Arch. The Tertiary aged (65 to 2 myBP) divergent Hope and Kotzebue
basins are recognized to be related to right-lateral movement along the Kobuk fault zone recognized
onshore in northwest Alaska. Basin development likely began in the early Tertiary (MMS 2006a).

3.1.34 Exploration and Production
Petroleum Plays

A total of 14 individual petroleum plays are identified for the Beaufort Sea offshore region. Plays in the
Beaufort Sea target specific stratigraphic units. Of the 14 individual plays, nine are targeting strata within
the Brookian sequence of rocks. Of the remaining five plays, one is targeting Beaufortian Rift sequence
rocks, and another is targeting Upper Ellesmerian sequence rocks. The remaining three plays are
targeting undeformed pre-Mississippian basement rocks, Endicott Formation rocks, and Lisburne
Formation rocks (MMS 2006a).

The Chukchi Sea region is underlain by five distinct basins that are varyingly deformed by complex
faulting and folding. The structural complexity of the faulting and folding has formed a large number of
petroleum prospects that are mappable using only conventional 2D seismic data. Rocks equivalent to oil
source sequences recognized in northern Alaska have been encountered during exploratory drilling (MMS
2006a). A total of 29 individual plays are identified for the Chukchi Sea offshore region. Plays in the
Chukchi Sea target both specific stratigraphic units and structural features. Of the 29 individual plays, 14
are targeting strata within Brookian sequence rocks, three are targeting strata within Beaufortian Rift
sequence rocks, and one is targeting the Herald Arch thrust structure. Of the remaining 11 plays, one is
targeting strata within Franklinian sequence rocks, two are targeting Endicott Formation rocks, two are
targeting Sadlerochit Group rocks, and one is targeting Lisburne Formation rocks. The five remaining
plays are targeting Tertiary age strata within an area where the Chukchi Shelf and Hope Basin converge
(MMS 2006a).

Hope and Kotzebue basins contain faulted structures and stratigraphic traps as potential targets. A total of
4 individual plays are identified for the Hope Basin. These plays are predominantly gas pools with a
minor fraction containing mixtures of oil and gas (MMS 2006a).
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Exploration History
Arctic Alaska

Oil seeps were first discovered in the Cape Simpson area near the northernmost tip of Alaska by the U.S.
Geological Survey in 1917. Based on the presence of these seeps, President Warren Harding established
the Naval Petroleum Reserve No. 4 in 1923. The Naval Petroleum Reserve No. 4 was later renamed the
National Petroleum Reserve-Alaska (NPR-A). NPR-A consists of approximately 23 million acres
situated within the west central portion of northern Alaska. The onset of World War Il prompted the first
publicly funded exploration program in the NPR-A from 1944 to 1953 (Sherwood et al. 1996). As a
result of the drilling from 1944 to 1953, small oil fields were discovered at Umiat, Simpson, and Fish
Creek and gas fields were discovered at Gubik, South Barrow, Meade, Square Lake, Oumalik, and Wolf
Creek. Following passage of Alaska statehood in 1959, exploration was focused on State of Alaska lands
situated between the NPR-A and the Arctic National Wildlife Refuge (ANWR) to the east. Following the
initial lease sale of State of Alaska lands in 1964 and 1965, came the 1968 discovery of the Prudhoe Bay
field, the largest oil field ever found in North America at that time (Sherwood et al 1996). The Prudhoe
Bay discovery lead to other oil fields being discovered including Kuparuk (1969), West Sak (1969),
Milne Point (1970), Flaxman Island (1975), Point Thomson (1977), and Sag Delta-Duck Island (1978),
later called the Endicott field (MMS 2006a).

The 1973 embargo of the United States by the Organization of Petroleum-Exporting Countries (OPEC)
drove federally funded exploration of NPR-A in 1975. Exploration in NPR-A continued for seven years
and led to discoveries of small oil and gas fields at East Barrow and Walakpa. South Barrow, East
Barrow, and Walakpa gas fields near the community of Barrow are being utilized for local consumption.
Since the 1990s, petroleum accumulations discovered in stratigraphic traps have been developed
including the Alpine pool in the Colville River unit and Lookout and Sparks discoveries in NPR-A that
tap sandstones of the Beaufortian sequence. The Badami unit, the Tarn and Meltwater pools in the
Kuparuk River Unit, and Nanukq pool in the Colville River unit tap sandstones in the Brookian sequence.
The Tabasco pool in the Kuparuk River unit taps channel sandstones in the Brookian sequence
(Houseknecht and Bird 2006). In 2003 and 2004, two new field units were formed, the Oooguruk and
Nikaitchug, with wells testing positive for oil.

Beaufort Shelf

A total of 30 exploratory OCS wells have been drilled on the Beaufort Shelf since the first Federal OCS
leases were offered in 1979. Many more wells have been drilled in the nearshore Beaufort Sea under the
jurisdiction of the State of Alaska. Locations of the OCS exploration wells drilled in the Beaufort Shelf
region are presented in Figure 3.1-13. The wells were drilled in the Beaufort Sea between 1981 and 2003,
resulting in the discovery of several commercial and subcommercial pools of oil. The Mississippian age
Kekiktuk formation of the Endicott Group hosts oil at Tern Island (Liberty field). The Permo-Triassic
age lvishak Formation hosts oil at Seal Island (Northstar field). Cenozoic age Brookian sequence rocks
host oil at the Hammerhead and Kuvlum wells. Two wells drilled into Salerochit sands at the Sandpiper
prospect encountered significant quantities of gas and condensate (MMS 2006a). The Sagavanirktok
River formation penetrated in the Phoenix and Antares wells hosted minor amounts of oil. The Salerochit
Group of rocks penetrated in the Mukluk and Mars wells also hosted minor amounts of oil. Cenozoic age
sands penetrated by the Galahad well hosted minor amounts of gas and an oil show. Brookian sandstone
sequence penetrated by the McCovey well showed oil in core samples (MMS 2006a).

Chukchi Shelf

A total of five exploratory wells have been drilled on the Chukchi Shelf since the first OCS leases were
offered in 1988. The locations of the exploration wells drilled in the Chukchi Shelf region are presented
in Figure 3.1-13. The wells were drilled between 1989 and 1991, resulting in the discovery of
hydrocarbons in four of the wells (Burger, Klondike, Crackerjack, and Popcorn).
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The Klondike well was drilled to investigate Sadlerochit-equivalent rocks beneath a Jurassic age erosional
surface on the east flank of the Chukchi platform. The Sadlerochit equivalent rocks are within a shale
facies, and no reservoir rock was discovered. However, oil hosted in Brookian sequence rocks near the
base of the Torok Formation was encountered in the Klondike well (MMS 2006a). The Burger well was
drilled to investigate Beaufortian Rift sequence rocks equivalent to the Kuparuk Formation in the
Wainwright Dome on the east flank of the Hanna Trough. The Burger well discovered a pool of gas
within a 32.5 m (107 ft) thick Kuparuk-equivalent Beaufortian Rift sequence sandstone. The Popcorn
well drilled into Sadlerochit-equivalent and older rocks on a faulted uplift block along an extension of the
Barrow Arch that separates North Chukchi and Colville basins. The Popcorn test well failed because no
reservoir rock was encountered. However, oil shows were found in sandstones of the Torok Formation
and within the Permian and Pennsylvanian age carbonate rocks of the Lisburne Group. The Crackerjack
well investigated Sadlerochit-equivalent rocks in a stratigraphic trap on the flank of a horst. The test well
was deemed unsuccessful because no porous reservoir was encountered. However, sandstones at the base
of the Early Cretaceous age Torok Formation appeared in geophysical electric logs to contain an oil pay
zone. Sandstones of the Nanushuk Group also hosted minor oil shows in the Crackerjack test well (MMS
2006a).

Hope Basin

A total of two onshore exploration wells were drilled in the Hope and Kotzebue basins in 1975. The Cape
Espenberg well and Nimiuk Point well were drilled on State of Alaska lands on the south and north
flanks, respectively, of Kotzebue basin. No oil or gas shows were discovered in Tertiary age sediments
penetrated by these two wells. Eocene and Miocene age stages of faulting caused structural deformation
in Hope basin. Deformed Mesozoic and Paleozoic age rocks of the Brookian-Chukotkan mountain belt
exposed on Wrangel Island (Russia) and on Cape Lisburne (Alaska) make up the basement for sediments
in the northern parts of Hope basin. Cretaceous age igneous and sedimentary rocks like those exposed in
the northern Yukon-Koyukuk province of Alaska form the basement for sediments in the eastern portion
of the Kotzebue basin. The estimated maximum thickness of sediment fill in both Hope and Kotzebue
basins is approximately 5,500 m (18,000 ft) (MMS 2006a).

Petroleum Production

Houseknecht and Bird (2006) succinctly summarize the petroleum production history of the Alaska North
Slope:

Approximately 15 billion barrels of oil has been produced from the Arctic Alaska Petroleum
Province and proven reserves are estimated at more than 7 billion barrels of oil and 35 trillion
cubic feet of gas. Most oil production is from Ellesmerian reservoirs, consisting of Mississippian
through Triassic marine carbonate and marine to nonmarine siliciclastic deposits that
accumulated on the shelf of a passive continental margin. Lesser production has been from
Beaufortian reservoirs, consisting of Jurassic through Early Cretaceous marine siliciclastic
deposits associated with the rift opening of the Canada Basin, and from Brookian reservoirs,
consisting of Cretaceous through Tertiary marine to nonmarine siliciclastic strata deposited as
wedges of sediment shed from the Brooks Range orogenic belt. Most production is from
structural and combination structural-stratigraphic traps, although several recent oil discoveries
are in purely stratigraphic traps.

3.1.35 Seafloor Features

Within the Beaufort Sea and Chukchi Sea regions, active dynamic surficial processes occur along the
surface of the seafloor. Most of the available information regarding these processes reflects the
voluminous amount of studies that have been conducted within the Beaufort Sea region making it one of
the most studied shelves in the world. The most recent studies for the Beaufort and Chukchi seas have
been for the oil and gas industry.
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Permafrost

The occurrence and extent of permafrost onshore Alaska is well documented and understood, however,
the occurrence and extent of permafrost offshore is not well known. Permafrost is defined as rock or soil
that has exhibited temperatures below 0°Centigrade continuously for 2 or more years. Onshore Northern
Alaska permafrost extends to depths of 660 m (2,165 ft). Permafrost in sediments off-shore was first
recognized in 1972 beneath the Beaufort Sea off the McKenzie River Delta. Off-shore permafrost depths
are variable due to interaction with warm marine currents and saline rich groundwater. Seafloor
sediments are usually unbonded due to the salinity of the seawater. Buried sediments normally do not
contain ice due to the presence of dissolved salts, confining pressure, and capillary forces. These
characteristics lower the freezing point of pore water below the ambient temperature. Numerous
geophysical surveys and geotechnical investigation boreholes indicate that permafrost is widespread
beneath the Beaufort inner shelf, however highly irregular. Fine-grained, semi-lithified deposits of the
Gubik Formation are recognized to having a direct relationship with bonding of seafloor sediments found
within the Beaufort Shelf. Low permeable silts and clays of the Flaxman Member of the Gubik
Formation form a barrier to the infusion of saltwater that would lower the thaw point and cause ice to
melt. The depth to the surface of subsea permafrost and boundary between bonded and unbounded
permafrost is highly variable. Depths to bonded permafrost have been shown to be as shallow as 10 m
(33 ft) in 2 m (6.6 ft) of water. Studies have identified that the depth to subsea permafrost is variable due
to different degrees of ice bonding before the region was inundated with warm water of the Holocene age
(10,000 years BP) marine transgression. Other studies have speculated that the amount and distribution
of subsequent thawing is probably due to the introduction of saline groundwater originating from deeper
depths. These observations suggest that subsea permafrost melting is occurring from above and below
(MMS 2003).

In Pleistocene times (2 myBP to 10,000 year BP) the Beaufort Shelf was exposed to the Arctic
atmosphere during several lowstands of sea level. Throughout this period, bonded permafrost is thought
to have formed to depths of several hundred meters beneath the exposed shelf. Pleistocene age
highstands of sea level generated warm seawater and saline advection from the seawater into the
underlying sediments causing the bonded permafrost to melt partially both from above by thermal heating
and from below by geothermal heating. Geotechnical investigations in the Prudhoe Bay area reported that
seafloor sediments are at or below the freezing point, although it is not bonded permafrost (MMS 2003).

In the Chukchi Sea, the distribution and extent of subsea permafrost is sparse or non-existent, and where
present, becomes thin or absent at approximately 1 km (0.6 mi) offshore. Many workers believe that the
absence of relict permafrost beneath the Chukchi Shelf may be due to the lack of significant deposits of
unconsolidated sediments near surface when lowstands of sea level occurred, or to relatively warm
currents moving north from the Bering Sea (MMS 2007a).

Ice Dynamics

Ice gouging and ice push are two common seafloor features. In the Beaufort Shelf region in water depths
ranging between 18 and 50 m (50 to 160 ft) ice gouging is a common characteristic. Ice gouging is a
significant process for sediment transport on Arctic continental shelves, especially at midshelf and
innershelf water depths. In the midshelf regions of the Arctic continental shelves, ice ridges with deep
keels have been observed to produce scour along the seafloor to depths of several meters. Ice gouging is
mostly concentrated in water depths of 18 to 30 m (59 to 98 ft) and increase in intensity on the seaward
slopes of shoals. In the area of Prudhoe and Foggy Island bays, the intensity of ice gouging is dictated by
the barrier or constructed island chains that occur roughly 15 to 20 km (9 to 12 mi) from the shoreline
(MMS 2003).

In the Harrison Bay region that is free of barrier islands, ice gouging is concentrated in two zones of water
depths, between water depths of 10 and 20 m (33 to 66 ft). In parts of Foggy Island Bay beneath
shorefast floating ice, ice gouging is very limited in extent. In other areas of shorefast floating ice, ice
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gouging is generally found associated with discontinuous, sparse, narrow, and shallow features (MMS
2003).

The abundance of ice-gouge in the Chukchi Sea is dependent on geographical latitude and the angle or
slope of the seafloor, and decreased in abundance with increasing water depth. In deep water up to 35 m
(110 ft), ice gouging in the Chukchi Sea is less concentrated and generally is wider, deeper, larger, and
more linear than ice gouges in shallower water. Within the Barrow Sea Valley and Hanna Shoal regions
of the Chukchi Sea, ice gouges are the dominant seafloor feature (MMS 2007a).

Throughout the Beaufort and Chukchi seas, ice-push and ice-override processes are significant methods
of sediment transport and erosion. Strong winds and/or currents push blocks of ice onshore that displaces
sediment into ridges farther inland. Ice-push ridges up to 2.5 m (8 ft) high and extending 100 m (330 ft)
inshore have been found on some of the outer barrier islands (MMS 2003). Ridges up to 5 m (16 ft) high
have been documented along the Chukchi Sea coast between Barrow and Wainwright (Mahoney et al.
2004). Throughout the Arctic coast, ice-push rubble has been identified 20 m (66 ft) inland (MMS 2003).

Strudel scour is another important process that occurs near sheltered coastal areas and river mouths. The
Colville, Sagavanirktok, and Canning rivers are common locations where strudel scouring has been
identified (MMS 2003). Strudel scours as deep as 6 m (20 ft) and as wide as 20 m (66 ft) have been
observed near major river mouths. MMS (2003) presents a description of strudel scour developed from
Reimnitz, Rodeick, and Wolf (1974) where the process strudel scour and feature strudel scours/scouring
are differentiated:

During spring runoff, landfast sea ice is inundated by river floodwaters. Extensive areas of the
fast ice near major river mouths are covered as far as 6.5 km (4 mi) from shore to depths of up to
1.5m (4.9ft). When the floodwater reaches holes or small cracks in the ice called strudel, it
rushes through with enough force to scour the bottom to depths of several meters (MMS 2003;
Reimnitz, Rodeick, and Wolf 1974).

Sediment Transport Dynamics

In the Beaufort Sea, coast-parallel marine currents that are wind driven and strongly influenced by
presence or absence of ice, are the primary sediment transport mechanisms. This sediment gets deposited
along coast promontories and along barrier islands (MMS 2003). Due to the short open-water season, the
annual rate of longshore sediment transport is relatively low. There are three types of shelf currents that
occur in response to prevailing wind directions: inner-shelf, open-shelf, and outer shelf. Inner shelf
currents generally flow to the west (MMS 2003). Open shelf currents average between 7 and 10 cm/s
over the broad Bering Shelf. Outer shelf currents or Geostropic currents flow parallel to the break in
shelf-slope in both easterly and westerly directions (MMS 2003). These currents transport fine-grained
sediment and deposit them on the continental shelf and outer slope regions.

In the Chukchi Sea, fine-grained sediments that cover much of the continental shelf originated from the
Yukon and other rivers of western Alaska were transported north by the Alaska Coastal Current. Sand
and gravel concentrations tend to be higher over some of the shoals, and may be from relict submerged
shoreline or residual cliff-eroded deposits. Migrating asymmetric bedform features or sand waves occur
in the Chukchi in water depths ranging from 6 to 90 m (20 to 300 ft). Sand waves up to 3 m (10 ft) high
generally occur in shallower water off Icy Cape and Cape Lisburne and migrate northward in response to
the Alaska Coastal Current. Bedforms in deeper waters reach more than 6 m (20 ft) high and appear to
migrate under the influence of westward or southward countercurrents and eddies (MMS 2007a).

Buried Channels

In the middle and inner portions of the Beaufort shelf, relicts of stream channels are buried offshore of
modern river deltas. These buried stream channels generally trend north and are cut into Pleistocene age
deposits and produce infill and overbank stratification features. These relict stream channels are thought
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to be extensions of the modern-day Canning or Sagavanirktok rivers onto the paleo-Arctic coastal plain
(MMS 2003).

Buried channels are abundant in the northern and central Chukchi Sea, forming cross-cutting, generally
north-trending drainage complexes. These represent successive layers of Pleistocene and Holocene
sediments filling channels cut into Cretaceous bedrock, with the different channel bottom depths
representing erosional baselines for different lower sea-level stands (MMS 2007a).

Shallow Gas

Shallow gas, when concentrated and under pressure by being trapped at shallow subsurface depths,
typically between 100 and 1,000 m (300 and 3,000 ft), poses a drilling hazard. Numerous anomalies
associated with shallow gas have been indicated on seismic profiles throughout the Beaufort Sea as
isolated pockets beneath permafrost, associated with faulted strata, and as concentrations in submerged
coastal plain sediments and peat deposits. Because these anomalies are avoided after being identified in
shallow hazard surveys and because the gas is not an exploration target, shallow gas has not been detected
in most offshore Beaufort Sea exploration wells. Free-flowing gas was encountered in one U.S.
Geological Survey well in Stefansson Sound, and shallow gas has been inferred from seismic data in
Harrison Bay and extensive areas of the outer shelf (MMS 2003). Shallow gas was also encountered at
about 1,700 feet in the Hammerhead structure drilled in the 1980s (e.g. Unocal 1986).

Shallow gas has been mapped in the Chukchi Sea from both seismic data and water column anomalies,
which probably represent gas rising from the seafloor. In the northern part of the Chukchi Sea and east-
central shelf area, acoustic “wipe-out” zones representing either biogenic or thermogenic gas are found in
Pleistocene sediment in buried channels, as well as in Tertiary and Cretaceous age strata. Depending on
depth, trapping mechanisms, and the presence or absence of an effective seal, some gas accumulations
could be overpressured (MMS 2007a). In particular, there is the potential for shallow gas along the
Burger structure due to faults which extend from the deeper target zone upwards close to the seafloor
(e.g. Craig and Sherwood 2004) that could act as conduits for gas migration.

3.1.4 Climate and Meteorology

3.14.1 Introduction

This section describes existing climate and meteorology in the project area. This information is intended,
in part to establish baseline information that will provide a context for assessing climate change effects
that may result from implementation of the proposed action and alternatives and, conversely, the potential
effects of climate change on the proposed action and alternatives in Chapter 4 of this EIS.

3.14.2  Regulatory Overview
Council on Environmental Quality Draft NEPA Guidance

Currently there is no well-established guidance for considering climate change as a part of the NEPA
process. NOAA and other federal agencies have begun to examine how to address climate change within
their realm of responsibility, but these efforts are still in progress. The Council on Environmental Quality
(CEQ) has provided draft guidance for consideration of the effects of climate change and greenhouse gas
(GHG) emissions, and this approach is being followed for this analysis (CEQ 2010a). Per this draft
guidance, climate change issues arise in relation to:

1) The GHG emissions effects of a proposed action and alternative actions; and

2) The relationship of climate change effects to a proposed action or alternatives, including the
relationship to proposal design, environmental impacts, mitigation, and adaptation measures.

Effects of Oil and Gas Activities in the Arctic Ocean Supplemental Draft Environmental Impact Statement 3-18
Chapter 3 - Affected Environment



March 2013

The CEQ recommends climate change and impacts of greenhouse gases from proposed projects be
evaluated in NEPA documents if the proposed action is reasonably anticipated to cause direct emissions
of 25,000 metric tons or more on an annual basis (CEQ 2010a).

Final Mandatory Reporting of Greenhouse Gases Rule

The Environmental Protection Agency (EPA) has issued the Final Mandatory Reporting of Greenhouse
Gases Rule (EPA 2011b), which requires reporting of GHG emissions from large sources and suppliers in
the United States. Section 3.1.5.2, Air Quality, provides further background on this rule.

3.14.3  Meteorology

The majority of the project area is located within the polar maritime subtype of the Arctic climate region,
meaning that it is influenced by the Arctic Ocean (Alaska Climate Research Center 2002). The Arctic
climate is characterized by high spatial variability and affected by the extreme solar radiation conditions
of high latitudes. The low sun angle present in the Arctic due to its high latitude (elevation of the sun
above the horizon) means that shading caused by the most minor topographic features can cause relatively
major differences in local climate; heat gain during long summer days in the Arctic is still relatively
small.

Weather patterns in summer are dominated by the movement of low pressure systems (cyclones) across
Siberia and into the Arctic Basin (NSIDC 2011a). In the winter, solar radiation is weak or absent, and
weather is dominated by the frequent occurrence of inversions (when warm air lies above a colder air
layer near the surface), resulting in relatively low surface wind speeds (NSIDC 2011a).

The southwestern portion of the EIS project area, from approximately Point Hope to the southwest project
terminus, is within the West Coast Climate Region (Alaska Climate Research Center 2002). This climate
region is considered a transitional zone, and is influenced by the high winds, strong storms, and
interannual sea ice of the Bering Sea, as well as the air masses of the Interior Climate Region to the east.

Due to the influence that proximate water bodies have on the meteorological conditions within the project
area, the following meteorology discussion is separated into areas in and adjacent to the Beaufort and
Chukchi seas. Specific weather stations were selected to represent existing conditions in each sub-area,
including data on air temperature, precipitation, and wind. These weather stations were selected based on
availability of substantial data records and their proximity to the onshore communities within the project
area. Table 3.1-1 lists the weather stations analyzed for describing existing conditions in the Beaufort Sea
and Chukchi Sea sub-areas. Table 3.1-2 at the end of this section provides a summary of air temperature,
precipitation, and winds for the weather stations listed in Table 3.1-1 (Prokein et al. 2011).

Table 3.1-1 Weather Stations by Sea

Beaufort Sea Chukchi Sea
Barter Island* Wainwright
Deadhorse/Prudhoe Bay? Cape Lisburne
Barrow® Kotzebue
Notes:

1)  The Barter Island station was selected due to its proximity to Kaktovik, since complete
meteorological data for Kaktovik was not found to be available.

2) Deadhorse and Prudhoe Bay data are considered be to represent the same geographic
location, due to their immediate proximity to one another.

3) Although Barrow is included in the Beaufort Sea category, it is also influenced by the
Chukchi Sea since it is located at the boundary between the two seas.
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Air Temperature

Temperatures in the region are considered relatively mild for Alaska due to the proximity of the ocean;
with relatively small seasonal temperature fluctuations compared to areas further inland (Table 3.1-2).

Beaufort Sea

For the majority of the year, temperatures are below freezing. During summer months (June through
September) average maximum daily temperatures are above freezing for all three stations reviewed:
Barter Island, Prudhoe Bay, and Barrow. Average maximum temperatures are highest in July, ranging
from approximately 45 degrees-Fahrenheit (°F) to 55 °F, while average minimum temperatures are lowest
in February at around -25 °F (WRCC 2011a). Historically, extreme temperatures have been recorded as
high as 82 °F in Deadhorse (August 1999) and as low as -59 °F in Barter Island (February 1950) (WRCC
2011b).

Chukchi Sea

Sub-freezing temperatures dominate for the majority of the year, and the Chukchi Sea is almost totally ice
covered from early December to mid-May. A brief warm and snow-free season follows in June, July, and
August. Summer high air temperatures average from 40 to 60 °F. Summer ice breakup is initiated in the
eastern portion of the Chukchi and progresses westward, due to the inflow of warmer water from the
Bering Sea (MMS 20074a).

Annual average temperatures typically fall between 10 °F and 22 °F. Historical extreme temperatures
have been recorded as high as 85 °F in Kotzebue (July 1958) and as low as -56 °F in Wainwright
(February 1964) (WRCC 2011b).

Precipitation
Beaufort Sea

During the winter, the Beaufort-Chukchi Sea region is dominated by a ridge of high pressure linking the
Siberian High and high pressure over the Yukon of Canada. Rainfall usually is light during the short
summers; however, heavier rainstorms occasionally occur, with the greatest amount of precipitation
falling in July and August. Snow cover in the region begins between late September and early October
and disappears from late May through the mid-June (MMS 2003).

Total annual precipitation recorded at the weather stations indicates that the Beaufort Coast receives an
annual precipitation ranging from approximately four to six inches, while average snowfall ranges from
approximately 30 to 42 inches. The amount of annual precipitation includes the melted amount of any
frozen precipitation (e.g. snow, sleet) that may have fallen, in addition to any rain.

Chukchi Sea

Western-Pacific low-pressure systems, which are associated with cloudy skies, frequent precipitation, and
southwesterly winds, move northeasterly through the Bering Sea into the Chukchi Sea, where they follow
the northwestern Alaska coast. During the winter, the Chukchi Sea region is dominated by a ridge of high
pressure linking the Siberian High and high pressure over the Yukon of Canada (MMS 2007a).

From June through August, the occurrence of low visibility in the open sea ranges from 25 to 30 percent.
This value decreases toward the mainland coast (10 percent). During the central winter months, the
occurrence of low visibility does not increase more than 10 to 15 percent, because snowstorms causing
visibility of <1 km (0.6 mi) are infrequent (MMS 2007a).

Total annual precipitation recorded at the weather stations indicates that the Chukchi Sea coast receives
an annual precipitation ranging from approximately four inches to 11 inches, while average snowfall
ranges from approximately 40 to 53 inches per year. The amount of annual precipitation includes the
melted amount of any frozen precipitation (e.g. snow, sleet) that may have fallen, in addition to any rain.
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Wind

The communities within the project area as a whole tend to have moderate winds throughout the year,
with averages ranging from approximately 11 to 13 miles per hour (mph) (Table 3.1-2). Wind speeds
tend to remain relatively constant throughout the year. Of the weather stations analyzed, Cape Lisburne
near the western edge of the project area experiences the highest winds, with average winds in October
exceeding 16 mph (WRCC 2011a). Winds blow from the east the majority of the year at each weather
station analyzed; however, seasonal variations do exist.

Beaufort Sea

For weather stations along the Beaufort Sea, onshore winds are predominantly from the east, east-
northeast, and northeast, while offshore winds are chiefly from the west, west-southwest, and southwest
(WRCC 2011c). The dominance of onshore winds, also known as the sea breeze effect, is more prevalent
in the summer months and reaches a peak in June when snow cover over land has diminished, and the
land-sea thermal gradient is the most pronounced (MMS 2007b).

The weather stations at Barter Island, Prudhoe Bay, and Barrow generally experience easterly winds,
although seasonal variations do exist. These alterations include prevailing winds from the west in
January, March, and December at Barter Island; from the west-southwest in January and February and the
east-northeast in February, March, and July at Deadhorse; and from the east-northeast in January and
December in Barrow (WRCC 2011c).

Chukchi Sea

During the winter, northerly winds prevail in the Chukchi Sea; however, wind directions vary from
northwest in the western part of the sea to northeast in the eastern part of the sea. Prolonged winds can
lead to extreme ice pressures and dangerous wind chills. During the summer, the Chukchi Sea
experiences alternating north and south winds (MMS 2007a).

The communities of Wainwright, Point Lay, Point Hope, Kivalina, and Kotzebue generally experience
winds from the east, although seasonal variations do exist, including prevailing winds from the west in
July and from the south-southwest in July and August in Wainwright; from the east-northeast in October
at Point Hope; and from the west in May through August at Kotzebue (WRCC 2011c).

Storms
Beaufort Sea

Weather can change abruptly in the Beaufort Sea area and has been described as unpredictable by whaling
captains and residents in nearby villages (MMS 2003). In the Beaufort Sea, storms can come in from all
directions but have been observed to typically come in from the north (MMS 2003). Storms and high-
wind events are typically most frequent in winter and fall.

Chukchi Sea

Storms are observed more often in winter than in summer in the Chukchi Sea, with approximately six to
ten storm days occurring per month. Typical storm durations range from six to 24 hours, although stormy
weather has been known to last for up to 14 days. The region can experience intense storms involving
high winds (gusts recorded up to 100 mph), storm surges, and intense waves causing extensive damage
and coastal flooding (MMS 2007a).

Effects of Oil and Gas Activities in the Arctic Ocean Supplemental Draft Environmental Impact Statement 3-21
Chapter 3 - Affected Environment



March 2013

Table 3.1-2 Meteorological Data Summary by Community

Beaufort Sea Chukchi Sea
Parameter Barter N Cape Kotzebue
Island Prudhoe Bay Barrow Wainwright Lisburne Airport
Average Wind 10.9° 11.9° 12.7° 11.6° 12.8° 11.5°
Speed (mph)
Average Daily
Peak Wind Gust N/A 22.3° 22,2 22.2% N/A 22.6"
(mph)
PI_'BVB.I_“n% Wind E4 E4 E4 E4 E4 E4
Direction
Average Air
Temperature 9.8° 11.7° 10.2 13.6° 17.5° 21.9%
(degrees-F)
Average Total 6.10° 4.26° 4.637 4118 11.34° 9.721°
Precipitation (in)
Average Total 41.8° 33.1° 29,57 N/A? 41.4° 53,010
Snowfall (in)
Average Days of
Precipitation per N/A 9.9 12.6 12.8° N/A 32.5%
Year'!
Notes:
N/A = Data not available. 6) Period of Record: 1999 — 2008
1) Indicates direction wind blows from. 7) Period of Record: 1996 — 2008
2) Days receiving at least 0.1 inch of precipitation 8) Period of Record: 1949 — 1969
3) Period of Record: 1999 — 2006 9) Period of Record: 1954 — 1984
4) Period of Record: 1992 — 2002 10) Period of Record: 1996 — 2008
5) Period of Record: 1949 — 1988 11) Days receiving at least 0.1 inches of precipitation
Sources:

WRCC 2011a; WRCC 2011b; WRCC 2011c; WRCC 2011d

3.1.4.4  Climate Change in the Arctic
Climate Change

As with many fields of science, the field of climate change has many uncertainties and numerous theories.
Outstanding questions such as how much and at what rate warming will occur, and how such effects will
globally influence precipitation, storms, and wildlife habitat, etc. still remain relatively uncertain.
However, in recent years, most scientists have come to acknowledge that: 1) increasing levels of carbon
dioxide (CO,) are changing the compositions of the earth’s atmosphere; 2) the major GHGs emitted by
human activities remain in the atmosphere for up to centuries; and 3) increasing GHGs concentrations
tend to warm the planet (EPA 2011c).

Climate in the Arctic is showing signs of rapid change; nevertheless further study is needed to better
understand the changes that have been observed and their significance to the Arctic Climate Region as
well as global climate change. Since climate is inherently variable, and several climate cycle systems are
known to influence climate patterns in the project area, climate patterns and trends within the project area
are complex with several contributing factors.
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Climate Cycle Systems

The Pacific Decadal Oscillation (PDO), the Arctic Oscillation(AO), and the North Atlantic Oscillation
(NAO) all represent patterns of climate variability that are believed to influence the climate patterns and
trends of the project area.

The PDO is used to describe the fluctuation in northern Pacific sea surface temperatures that alternate
between above normal (negative phase) and below normal (positive phase) Pacific Ocean sea surface
temperatures. These cycles operate on a 20- to 30-year time scale (NOAA 2011a), and have been shown
to be associated with dramatic shifts in the climate of the North Pacific around 1948 and 1976 (Bond
2011). The last major shift in the PDO occurred in 1976-77 and marked a change from cold to warm
conditions in Alaskan waters (Bond 2011).

The AO is a climate cycle system that influences climate patterns in the Arctic. The AO exhibits both a
negative and positive phase. The negative phase is characterized with relatively high pressure over the
polar region and low pressure at mid-latitudes (about 45 degrees North); the pattern is reversed in the
positive phase. In the positive phase, higher pressure at mid-latitudes drives ocean storms farther north,
and changes in the circulation pattern bring wetter weather to Alaska. Frigid winter air does not extend as
far into the middle of North America as it would during the negative phase of the oscillation. Weather
patterns in the negative phase are in general opposite to those of the positive phase (NSIDC 2011a). Over
most of the past century, the AO alternated between its positive and negative phases. Starting in the
1970s, however, the oscillation has tended to stay in the positive phase, causing lower than normal Arctic
air pressure and higher than normal temperatures in much of the United States.

The NAO is a climate system that is considered the dominant mode of winter climate variability for a
wide geographic area, extending from the North Atlantic region, to central North America, Europe, and
Northern Asia. The NAO is a large-scale alteration of atmospheric mass that controls the strength and
direction of the westerly winds and storm tracks across the North Atlantic. A positive NAO index is
associated with stronger and more frequent winter storms crossing the Atlantic Ocean. The NAO has
trended toward the positive phase over the past 30 years (Bell 2011), which is associated with stronger
and more frequent winter storms crossing the Atlantic Ocean. The NAO is very similar to the AO with
respect to timing and effects on local temperatures and precipitation (Dickson et al. 2000).

Changes in the Arctic

Climate is naturally variable, and the Arctic is no exception having experienced climatic conditions that
have ranged from one extreme to the other during a period of millions of years. Fossil records indicate
that during the mid-Cretacous Period (approximately 120 to 90 my ago), the Arctic region was
significantly warmer than present-day conditions, and the geography, atmospheric composition, ocean
currents were considerably different than current conditions (ACIA 2005).

Evidence of climate change in the past few decades, commonly referred to as global warming, has
accumulated from a variety of geophysical, biological, oceanographic, atmospheric, and anthropogenic
sources. Such evidence includes scientific data, as well as traditional knowledge from Alaska Native
communities along the Beaufort and Chukchi seas (further described below in Section 3.3.2.6). Since
much of this evidence has been derived from relatively short time periods, and climate itself is inherently
variable, the recent occurrence of unusually high temperatures may not necessarily be abnormal since it
could fall within the natural variability of climate patterns and fluctuations. However, with that
possibility, it should be noted that evidence of climate changes in the Arctic have been identified and
appear to generally agree with climate modeling scenarios of GHG warming. Such evidence suggests
(NSIDC 2011a):

e Air temperatures in the Arctic are increasing at an accelerated rate;
e Year-round sea ice extent and thickness has continually decreased over the past three decades;
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Water temperatures in the Arctic Ocean have increased;
Changes have occurred to the salinity in the Arctic Ocean;
Rising sea levels;

Retreating glaciers;

Increases in terrestrial precipitation;

Warming permafrost in Alaska; and

Northward migration of the treeline.

Although establishing such trends in the Arctic is challenging due to the small number of monitoring
stations and relatively short records of data, the following statistics for the Arctic published as part of the
Arctic Climate Impact Assessment (ACIA 2010, ACIA 2005) support these trends:

e A warming trend in the Arctic of 0.16 °F per decade compared to 0.11 °F per decade for the
globe;

e A warming trend of 0.7 °F per decade over last four decades;

e Precipitation has increased approximately one percent per decade over the past century;

e Snow extent has declined approximately 10 percent and permafrost has warmed by almost 3.6 °F
over the past three decades;

e Arctic Sea level has risen 10 to 20 centimeters (cm) in the past 100 years;

e Annual average sea ice extent has decreased by about eight percent, and the summer sea ice
extent has decreased by 15 to 20 percent over the past three decades;

e Mean annual temperatures have increased by about 3.5 to 5.5 °F over the last five decades;

e Sea ice thickness has decreased by 42 percent since the mid-1970s; and

o Winter temperatures have increased by about 5.5 to 7 °F over the last five decades.

Climate change in the Arctic has global implications. One reason is due to the albedo feedback.
Warming (or cooling) in the Arctic affecting ice and snow cover directly affects the amount of sunlight
reflected or absorbed by the earth’s surface, which can produce a warmer Arctic and an accelerating
decrease in ice cover over time. Such an effect has the potential to increase sea levels, alter the salinity in
the Arctic Ocean, cause an increased release of methane (CH,) into the atmosphere due to melting of
permafrost, impact storm tracks, patterns of precipitation and the frequency and severity of cold-air
outbreaks in middle latitudes (ACIA 2005, Serreze 2008).

Black carbon, commonly referred to as “soot,” plays a large-role in short-term climate effects in the
Arctic. Black carbon is produced through the burning of carbon-based fuels and affects climate by
absorbing incoming and outgoing radiation and decreasing surface albedo when deposited on snow and
ice (Hirdman et al. 2009). Unlike GHGs, black carbon is a short-lived pollutant with an atmospheric
lifetime of days to weeks (AMAP 2011). Due to its short lifetime, regional climate effects from black
carbon are correlated with regional black carbon sources and are noticed more immediately than effects
from GHGs. Climate effects from black carbon are especially strong in sensitive areas such as the Arctic,
resulting in earlier annual spring melting and sea ice decline (AMAP 2011). Current sources of black
carbon in the Arctic are limited and include emissions from burning fossil fuels, including those from oil
and gas drilling and boreal forest fires (Hirdman et al. 2009).

Concurrent with climate change is a change in ocean chemistry known as ocean acidification. This
phenomenon is described in the IPCC Fourth Assessment Report (IPCC 2007a), a 2005 synthesis report
by members of the Royal Society of London (Raven et al. 2005), and an ongoing BOEM-funded study
(Mathis 2011). The greatest degree of ocean acidification worldwide is predicted to occur in the Arctic
Ocean. This amplified scenario in the Arctic is due to the effects of increased freshwater input from
melting snow and ice and from increased CO, uptake by the sea as a result of ice retreat (Fabry et al.
2009). Measurements in the Canada Basin of the Arctic Ocean demonstrate that over 11 years, melting
sea ice forced changes in pH and the inorganic carbon equilibrium, resulting in decreased saturation of
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calcium carbonate in the seawater (Yamamoto-Kawai 2009). Bates et al. (2009) showed the effects of
decreasing pH on the saturation states of inorganic carbonate in the Chukchi and Beaufort seas, and the
interaction of carbonate states with primary productivity.

3.145 Greenhouse Gas Emissions

Gases that trap heat in the atmosphere are often called greenhouse gases (EPA 2011c). Due to this ability,
GHGs are widely considered an important contributing factor in climate change. Some GHGs such as
carbon dioxide (CO;) occur naturally and are emitted to the atmosphere through natural processes and
human activities. Other GHGs (e.g. fluorinated gases) are created and emitted solely through human
activities. The principal GHGs that enter the atmosphere because of human activities are:

Carbon Dioxide (CO,) — CO, enters the atmosphere through the burning of fossil fuels (oil, natural gas,
and coal), solid waste, trees and wood products, and also as a result of other chemical reactions (e.g.
manufacture of cement). CO; is also removed from the atmosphere when it is absorbed by plants as part
of the biological carbon cycle (EPA 2011d).

Methane (CH4) — CH, is emitted during the production and transport of coal, natural gas, and oil. CH,
emissions also result from livestock and other agricultural practices and by the decay of organic waste in
municipal solid waste landfills (EPA 2011c).

Nitrous Oxide (N,O) — N,O is emitted during agricultural and industrial activities, as well as during
combustion of fossil fuels and solid waste (EPA 2011d).

Fluorinated gases — Hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride are synthetic,
powerful GHGs that are emitted from a variety of industrial processes. Fluorinated gases are sometimes
used as substitutes for ozone-depleting substances. These gases are typically emitted in smaller
quantities, but because they are potent GHGs, they are sometimes referred to as “High Global Warming
Potential” gases (EPA 2011d).

These particular gases are covered under the United Nations Framework Convention on Climate Change,
an international agreement that requires participating countries to develop and periodically submit an
inventory of greenhouse gas emissions (EPA 2011e).

In 2005, activities in Alaska were estimated to contribute 52.1 million metric tons (MMt) of gross' CO5e,
accounting for approximately 0.7 percent of the total US gross GHG emissions. From 1990 to 2000,
GHG emissions from activities in Alaska were estimated to increase by approximately 13 percent which
is on par with the national total, which rose by approximately 14 percent over the same period. The main
source of Alaska’s GHG emissions is residential, commercial, and industrial fuel use followed by the
transportation sector. In 2010, the fossil fuel industry was estimated to produce approximately 2.9 MMt
of CO,e, representing approximately 5.2 percent of the state’s CO,e emissions. Approximately 2.4 MMt
of those emissions are attributed to the oil industry, equaling approximately 4.3 percent of the state’s
total. Table 3.1-3 provides historical and estimated current GHG emissions in Alaska by sector. Current
conditions are estimated as values for the year 2010 as projected as part of a study conducted in 2007 by
Center for Climate Strategies (CCS 2007).

! Excludes emissions removed due to carbon sequestering.
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Table 3.1-3 Alaska Historical and Estimated Existing GHG Emissions, by Sector

Million Metric Tons 2010 Source of
CO.e e 20 28 Estimation 2010 Estimates

Electricity Production 2.6 3.1 3.2 3.6

- Coal 0.4 0.8 0.6 0.6

- Natural Gas 1.9 1.9 2.1 21

- Oil 0.3 0.5 0.6 0.9

Residential/Commercial 3.8 4.3 3.9 3.9

- Coal 0.8 0.8 0.7 0.7 Based on USDOE regional

- Natural Gas 1.8 2.2 1.9 1.9 projections

- Oil 24 2.4 31 3.6

- Wood (CH,4 and N,0) 0.01 0.00 0.00 0.00

Industrlgl (Non-Fossil Fuel 15.7 19.6 216 235

Production)

- Coal 0.00 0.001 0.001 0.001 Based on USDOE regional
projections

- Natural Gas 13.2 17.3 185 19.9

- Oil 24 2.4 31 3.6

- Wood (CH, and N,0) 0.01 0.00 0.00 0.00

Transportation 151 16.8 19.0 19.6

- Aviation 7.2 10.6 12.9 13.0 FAA aircraft operations
forecasts

- Marine Vessels 44 24 24 2.6 PEC commercial marine
inventory growth factors

- Onroad Vehicles 3.4 3.7 3.6 3.9 WRAP inventory VMT
projections

- Rail and Other 0.08 0.08 0.12 0.13 Historical trends and USDOE
regional projections

Fossil Fuel Industry 4.9 3.2 3.0 2.9

- Natural Gas Industry 0.2 0.4 0.5 0.4 Historical trends an_d DNR
natural gas production forecasts

- Oil Industry 47 28 25 24 Hlstorlc_al trends and DNR oil
production forecasts

- Coal Mining (Methane) 0.01 0.01 0.01 0.01 Historical trend

Industrial Processes 0.05 0.2 0.3 0.5

- Limestone and Dolomite 0.00 0.00 0.01 0.01 Alaska manufacturing

Use employment growth

) National projections for 2004-

Soda Ash 0.01 0.01 0.01 0.01 2009 (USGS)

- ODS Substitutes 0.001 0.2 0.3 0.4 EPA 2004 ODS cost study
report

- SF, from Electric Utilities 0.04 0.02 0.02 0.02 (BEE";% on national projections
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Million Metric Tons 2010 Source of
CO.e 1eel 20t 20t Estimation 2010 Estimates

Waste Management 0.6 0.9 1.0 12
- Solid Waste Management 0.6 0.8 1.0 1.1 Fr;(ggcted based on 1995-2005
- Wastewater Management 0.1 0.1 0.1 0.1 Projected based on population
Agriculture 0.05 0.05 0.05 0.06
- Manure Management 0.001 0.002 0.004 0.005 USDA livestock projections
- Enteric Fermentation 0.01 0.02 0.02 0.02 USDA livestock projections
- Agricultural Soils 0.04 0.04 0.03 0.03 E;?fgcmd based on historical
Total Gross Emissions 42.8 48.3 52.1 55.2
Forestry and Land Use! -0.3 -1.4 -1.4 -1.4 :?;r\(/)éfctlons held constant at 2000
Net Emissions? 42.5 46.9 50.7 53.8
Notes:

Forestry activities are negative because they represent an increase in carbon sequestering.
Net Emissions take into account carbon sequestering.
Source: CCS 2007

3.1.5 Air Quality

Air quality is a function of the air pollutant emission sources within an area, atmospheric conditions (such
as wind direction and speed), and characteristics of the area itself (topography and air shed size).
Pollutants transported from outside an area can also affect its air quality. Air pollutants are emitted from
both man-made (anthropogenic) and natural sources. Industrial, residential, transportation-related, and
construction-related emissions are anthropogenic sources; these sources can be either ongoing or
temporary. Natural sources include windblown dust, forest fires, and volcanic eruptions; these typically
contribute only to temporary increases in air pollution.

Air quality in the majority of Alaska’s Arctic region, including the Beaufort and Chukchi seas, is
generally considered very good due to minimal human habitation and industrial development, along with
the distance from population centers such as Anchorage or Fairbanks (MMS 2007c). Widely scattered air
pollutant emission sources exist in the onshore coastal regions of the EIS project area, with the only major
industrial complex of more concentrated emission sources being Prudhoe Bay, Kuparuk, and Endicott oil-
production facilities in the North Slope Areawide Oil and Gas Lease Sale Area (North Slope area). Dust
and other pollutants from combustion sources in Europe and Asia also have the potential to be transported
to the Arctic, having temporary and usually seasonal effects on visibility; such effects are commonly
referred to as regional (or arctic) haze. Regional haze is discussed further under the subheading Other Air
Quality Evaluation Criteria in Section 3.1.5.2.

3.15.1  EIS Project Area

For purposes of defining existing air quality in the EIS project area, it is convenient to divide the project
area into three zones: the state’s seaward boundary (0 to 4.8km [0 to 3 mi]); within 40 km (25 mi) of a
state’s seaward boundary (i.e., 4.8 to 45 km [3 to 28 mi] from the coast); and beyond 40 km (25 mi) of the
state’s seaward boundary (i.e., 45 to 322 km [28 to 200 mi] from the coast). These three zones are subject
to different air quality regulatory requirements and different ambient air quality background levels. Air
pollutant sources located offshore are regulated under the OCS Air Regulations (discussed below).
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Certain ADEC rules are also applicable to offshore areas within 40 km (25 mi) of Alaska’s seaward
boundary (inner OCS); the EPA applies the corresponding onshore area (COA) rules to these areas, so
they are basically treated the same as onshore sources for permitting purposes. Outer OCS offshore areas
(beyond 40 km [25 mi] of the State’s seaward boundary) are expected to have minimal anthropogenic
sources of air pollution. In December 2011, Congress moved air permitting authority for the outer OCS
from EPA to BOEM; however, authority for existing permits (and any pending as of December 2011)
remained with EPA. The onshore areas are regulated by EPA and ADEC, and do not fall under the OCS
regulations.

Except for the areas around Prudhoe Bay, Barrow and Kotzebue are the largest communities in terms of
population within the onshore areas, and would thus be expected to have the highest current air pollutant
levels. In addition, Kivalina is reported to have elevated dust levels, and Nuigsut is located adjacent to
the North Slope Area which has industrial activity. The other communities in the study area (Point Hope,
Point Lay, Wainwright, and Kaktovik (located within the Arctic National Wildlife Refuge [ANWR]) are
assumed to have lower background levels than the industrial areas and larger communities. However, in
the absence of background air quality data in these remote regions, they are conservatively included in the
onshore group for air quality purposes in this EIS.

3.1.5.2  Regulatory Framework and Pollutants of Concern
Air Quality Standards

Air quality in Alaska and the inner OCS is regulated by the EPA and ADEC, while air quality in the outer
OCS is regulated by BOEM (as of December 2011). The EPA has established the NAAQS, which
specify maximum allowable concentrations for six principal criteria pollutants (EPA 2011f).
Nonattainment areas are geographic regions where air pollutant concentrations exceed the NAAQS for a
pollutant. An area is designated as unclassified when there is insufficient information to determine
attainment status; these are typically areas where air pollution is not considered a problem (often rural
areas), and no monitoring is conducted. The land areas adjacent to the Beaufort and Chukchi seas are
unclassifiable; according to the EPA's Green Book, this means that the area “cannot be classified on the
basis of available information as meeting or not meeting the national primary or secondary ambient air
quality standard (EPA 2012e, 2012f)." There are no designated nonattainment areas within or near the
EIS project area (ADEC 2011a).

The two main criteria air pollutants affecting Alaska are carbon monoxide (CO) and particulate matter
less than 10 microns in diameter (PMyg). Outdoor carbon monoxide emissions come from combustion
sources, such as automobiles, airplanes, and industrial engines (ADEC 2011b). Fuel combustion is also a
source of particulate matter emissions. In rural communities, airborne dust (PMyg) can be caused by
windflow over glaciers, gravel pits, vehicles on dirt roads, dry river beds, and human activity on non-
vegetated land (ADEC 2011c). On the OCS, marine engines cause emissions of nitrogen oxides (NOy)
and particulate matter. Air quality standards for these pollutants, along with the other criteria pollutants,
are listed below in Table 3.1-4. Primary standards have been established to protect human health, and
secondary standards have been designed to protect property and natural ecosystems from the effects of air
pollution.

Table 3.1-4 Federal and State Ambient Air Quality Standards

Averaging National Standards Alaska State
Pollutant . -
Period Pr|mary Secondary Standards
8-hour (2008 Std) 0.075 ppm 0.075 ppm 0.075 ppm
Ozone (O) 8-hour (1997 Std) 0.080 ppm 0.080 ppm
Particulate Matter equal to or Annual 15.0 pg/m?® 15.0 pg/m® 15 pg/m®
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Pollutant Averaging National Standards Alaska State
Period Primary Secondary Standards
less than 2.5 micrometers in
diameter (PMy5) 24-hour 35 pug/m® 35 pg/m® 35 ug/m®
Particulate Matter equal to or
less than 10 micrometers in 3 3 3
diameter (PMyo) 24-hour 150 pg/m 150 pg/m 150 pg/m
9
8-hour (10 rf\zr;]mg) 10 mg/m?
Carbon Monoxide (CO) 35 ppm
1-h 4 3
our (40 mg/m®) 0 mg/m
0.053 ppm (100 3
Annual 0.053 ppm (100 pg/m® 100 pg/m
Nitrogen Dioxide (NO,) ppm (100 gy ug/m?) Hd
1-hour 0.100 ppm 0.100 ppm
Annual 0.03 ppm (80 pg/m°) 80 pg/m?®
24-hour 0.14 ppm (365 pg/m?) 365 pg/m?®
Sulfur Dioxide (SO,) 0.5 ppm 3
3-h 1300 pg/
our (1300 pg/m?) ngim
1-hour 0.075 ppm 0.075 ppm
Reduced Sulfur Compounds e 3
(as SO,) 30-minute 50 pg/m
Ammonia (NH3) 8-hour 2.1 mg/m?®
Rolling 3-Month 3 3 3
Lead (Pb) Average 0.15 pg/m 0.15 pg/m 0.15 pg/m
Quarterly Average 1.5 ug/m® 1.5 ug/m?
Notes:

um = micrometers (for particulate diameter)

pg/m® = micrograms of pollutant per cubic meter of air
mg/m® = milligrams of pollutant per cubic meter of air
ppm = parts per million

Source: EPA Office of Air Quality Planning (EPA 2011f) and Alaska Administrative Code (AAC) 18-50.010 (AAC 2011).

Control of Emissions from OCS Sources

Jurisdiction for control of air emissions from stationary sources on the Arctic OCS (stationary rigs,
drillship, and platforms) was the responsibility of the EPA until amendments to the Clean Air Act Section
328 were enacted on December 23, 2011 (Public Law [Pub. L.] 112-74) in the Consolidated
Appropriations Act of 2012. The Arctic OCS is defined to include the Beaufort Sea and Chukchi Sea
OCS Planning Areas that are adjacent to Alaska’s North Slope Borough. The signing of Pub. L. 112-74
transferred authority for the control of air stationary source emissions, except for existing or pending
permits, on the Arctic OCS from the EPA to BOEM. The other Alaska OCS Planning Areas remain
under EPA jurisdiction by the authority granted in the Clean Air Act Section 328. However, all actions
on the Alaska OCS proposed within 25 miles of shore remain subject to air quality regulations of the
ADEC and may require State of Alaska permitting if within the three-mile boundary.

Control of stationary source emissions on the Alaska OCS is now regulated by BOEM, EPA, and ADEC,
depending on the location and timeframe of the proposed action. For proposed exploration plans (EPS)
located more than three miles offshore on the Arctic OCS, emissions are regulated by the BOEM under
30 CFR Part 550 Subpart C (BOEM Subpart C) and by the authority granted in the OCSLA Sec. 5(a)(8).
Under BOEM Subpart C, no air quality permit is required. Rather, the BOEM Alaska OCS Region would
be required to conduct an analytical evaluation of the air quality analysis contained in any EP for
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compliance with BOEM Subpart C. Emissions projected for a facility proposed for an EP on the Arctic
OCS that exceed the exemption thresholds calculated under Subpart C would be required to conduct an
air quality impact analysis (dispersion analysis) for comparison to the BOEM Significance Levels (SLs).
Control of emission sources on the OCS by BOEM is required only when the rig, drillship, or platform is
expected to cause a significant air quality effect on the nearest shore area. Should the analysis
demonstrate pollutant concentrations that exceed any SL, the application of Best Available Control
technology (BACT) would be required by the BOEM Alaska OCS Region. If the action proposes a
permanent facility, additional analysis would be required to show the application of BACT would result
in compliance with the BOEM Maximum Allowable Increases (MAIs). Additional controls would be
required until the MAIs are met. An EP must demonstrate compliance with Subpart C before the EP
could be “deemed submitted” by BOEM Alaska OCS Region. Any required application of BACT or
other emission controls would be enforced by the BSEE Alaska Region.

National Environmental Policy Act (NEPA) Compliance

The air quality assessment required under NEPA is separate and distinct from the requirement to control
stationary source emissions under BOEM Subpart C. The air quality analysis conducted for an EA or an
EIS under NEPA requires an accounting and disclosure of total project emissions, namely, land, sea, and
air emissions, from both temporary and permanent sources of emissions, and from both mobile and
stationary sources. The air quality analysis would account for and disclose any project-related emissions
that would occur under the EP. The air quality analysis would be required to demonstrate whether or not
the proposed EP would cause emissions that would result in pollutant concentrations that would exceed
the EPA NAAQS or otherwise cause a significant effect on air quality in the nearest communities
onshore.

Other Air Quality Evaluation Criteria

Climate Change and Greenhouse Gases

Climate change is believed to be occurring as a direct consequence of emissions of GHGs from many
types of sources in every nation of the world. The EPA issued the Final Mandatory Reporting of
Greenhouse Gases Rule (EPA 2009a), which requires reporting of of GHGs from large sources and
suppliers in the United States. The reporting is intended to collect accurate and timely emissions data to
inform future policy decisions. Under the rule, suppliers of fossil fuels or industrial GHGs,
manufacturers of vehicles and engines, and facilities that emit 25,000 metric tons or more per year of
GHG emissions are required to submit annual reports to the EPA. In addition to the reporting rule, the
EPA's Tailoring Rule requires sources that emit GHGs in quantities above certain thresholds to include
such emissions in PSD and Title V permitting (EPA 2012g).

Regional Haze

Regional haze refers to haze that impairs visibility over a large area. In general, visibility is measured by
the farthest distance a viewer can see a landscape or feature, which may be limited by tiny particles in the
air absorbing and scattering sunlight, which in turn degrades color, contrast, and clarity of the view.
Many sources produce the particulate matter that causes haze. In addition to the primary sources of
particulate matter discussed above, secondary particulate matter is also formed when gaseous pollutants
undergo chemical reactions with sunlight in the atmosphere. Factors such as weather and humidity
further influence the formation of haze. The EPA Regional Haze Rule is designed to protect and improve
visibility in National Parks and Wilderness Areas throughout the country (EPA 1999a). Class I airsheds
are federally designated areas under the Clean Air Act where no degradation of visibility is allowed.
Alaska has four Class I areas subject to the rule (ADEC 2011d). Denali National Park is the closest Class
| area to any of the EIS project area, ranging from approximately 650 km (404 mi) southeast of Kotzebue
and approximately 750 km (466 mi) south of the more industrialized Prudhoe Bay area, to well over
1,000 km (621 mi) south of some of the outer OCS region (Wilderness Net 2011). The National Park
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Service (NPS) and USFWS monitor regional haze at Denali. Potential new sources of air pollution as
part of this EIS are expected to have no appreciable effect at this distant Class | area, so no further
description of the area is provided. In addition, monitoring data from this site are not representative of the
EIS project area, although they could be used to identify specific events (such as Asian dust storms, see
below) for verification purposes.

The focus of the regional haze issue in Alaska is primarily on visibility degradation within the Arctic
region. Arctic haze and Asian dust events are the primary areas of concern, both identified as being the
result of international transport of pollutants into Alaska (ADEC 2002). Arctic haze is defined as “diffuse
bands of tropospheric aerosol occurring northward of about 70° latitude and at altitudes of up to 9,000
meters (29,528 ft). These layers are hundreds to thousands of kilometers wide and 1-3 km (0.6-1.9 mi)
thick” (ADEC 2002). Coal burning and metal smelting from sources in the industrial regions of Europe
and Russia appear to be the primary contributors to Arctic haze. Sources in North America and the Orient
only contribute a minor amount of pollution to the Arctic due to their position relative to oceans and
prevailing meteorology which provide pollutant scavenging mechanisms before reaching the Arctic
(ADEC 2002).

Dust storms in Mongolia and northern China also have the potential to create large dust incidents within
the Arctic region. These Asian dust events typically occur in the springtime, usually April and May, and
appear to have high enough loft to avoid the ocean scavenging mechanisms. Anthropogenic sources of
pollution, likely associated with China’s largely coal-fired economy, have also been shown to be
transported concurrently with the dust events (ADEC 2002).

3.1.5.3  Existing Air Quality

Based on the physical environment, land uses, and low population density of the EIS project area, existing
air quality is assumed to be generally good in all of the offshore and onshore locations, although as
mentioned previously, dust emissions in even remote areas can cause localized increased particulate
concentrations. The levels of some pollutants are expected to be slightly higher in the onshore areas due
to increased numbers of fuel combustion sources; however these areas are still in attainment or
unclassifiable of air quality standards. For the nonindustrial onshore areas, residential emission sources
(diesel generators, fuel oil stoves, propane heating and/or woodstove) and mobile sources (vehicles) are
expected to cause relatively low levels of combustion pollutants due to the limited population in the
communities, as compared to the industrial North Slope area or the larger communities of Barrow and
Kotzebue. In addition, fairly consistent winds in these areas provide adequate transport and dispersion of
these localized emissions. External (international) sources of air pollution may also have an influence on
air quality in the EIS project area, including temporary increases in levels of dust and combustion
pollutants, which may affect visibility (Arctic haze).

Federal regulations requiring ultra-low sulfur diesel were promulgated by the EPA (EPA 2006a). These
regulations are expected to benefit air quality in the EIS project area where diesel combustion is an
important anthropogenic category of air pollution emissions. By June 1, 2010, all rural areas in Alaska
were to have transitioned to 15 parts per million (ppm) diesel fuel for all highway, non-road, locomotive,
and marine engines. By October 1, 2010, retail and wholesale purchaser-consumer transitions were to be
complete; and by December 1, 2010, 15 ppm sulfur content diesel fuel was to be in retail facilities in all
rural areas (ADEC 2010f). The switch to ultra-low sulfur diesel is expected to result in improved air
quality, as it will reduce emissions of smoke, particulate matter, sulfur dioxide, and toxics from diesel
combustion sources.

Background Data

The EIS project areas included in this discussion are in attainment (or unclassifiable) for all criteria
pollutants. ADEC maintains air quality monitoring sites in some rural communities where there is
concern for dust problems (ADEC 2011c, ADEC 2011d). The majority of background air quality data in
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northern Alaska have been collected in the North Slope area; criteria air pollutant monitoring data have
been used for source permitting in the North Slope area, and for several OCS facilities (Air Sciences, Inc
2009, Environ 2010, and AECOM 2010). The dataset shown in Table 3.1-5 was compiled using
maximum monitored values and should be conservatively representative of the OCS areas, including the
COA areas. Therefore, it is expected that this compiled dataset is reasonably representative for the three
air quality zones covered in this EIS (outer OCS, inner OCS, and onshore).

Table 3.1-5 Background Concentrations

Averaging Measurec_i Percent pf Air
Pollutant Period Concentrsatlon Quality
(ng/m’) Standard
PMy Annual 7.5 15.0
24-hour 55.1 36.7
(6{0) 8-hour 1097 11.0
1-hour 1749 4.4
NO, Annual 11.3 11.3
SO, Annual 2.6 3.3
24-hour 13.0 3.6
3-hour 41.6 3.2

Source: Compiled from monitoring data for BPX Liberty and BPX Prudhoe Bay
monitoring sites (Environ 2010).

Note:
ug/m® = micrograms of pollutant per cubic meter of air

There are limited background concentration data for offshore regions of Alaska; for permitting needs and
to be conservative, the data shown in Table 3.1-5 are assumed to represent worst-case pollutant levels for
these regions. Data from an old NPS Interagency Monitoring of Protected Visual Environments
(IMPROVE) station on Simeonof Island in the upper Aleutian chain provide a comparison to these
conservative values (Environ 2010). The maximum 24-hour PMy, concentration at this site during the
2001-2004 time period was 26.50 micrograms of pollutant per cubic meter of air (ug/m?, which is less
than half the value shown in Table 3.1-5. Although this monitoring site is remote, the area is subject to
dust events and may show particulate levels that are higher than those that would be seen in true offshore
locations. It should be noted that this Aleutian island monitoring was performed over 1,287 km (800 mi)
from the project area described in this EIS.

In another effort to determine offshore background levels, particulate data have more recently been
collected as part of the Wainwright Monitoring Program, and the data have been processed to account for
the effects of community fugitive dust and combustion sources and sea salt particulates to determine
regional background particulate levels for offshore sources (AECOM 2010). The maximum
representative 24-hour PMy, concentration at this site was 49 ug/m®, which is just slightly lower than the
value presented in Table 3.1-5. By the same processing method, the Wainwright data shows maximum
regional PM, s levels of 3 and 10 pg/m?®, for the annual and 24-hour periods, respectively (AECOM 2010).
This corresponds well with the 98" percentile 24-hour PM, 5 concentration (NAAQS reporting standard)
at the Simeonof IMPROVE site, which was 9.3 ug/m® (Environ 2010).

As shown in Table 3.1-5, the maximum measured concentrations are all well below the NAAQS and
Alaska State Standards. These values are indicative of the relatively good air quality in the area, and
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show that there is still room for future offshore activities that would not necessarily jeopardize the regions
ability to meet the federal and State of Alaska air quality standards.

3.1.6 Acoustics

3.1.6.1 Introduction to Acoustics
Sound Characteristics

Sound is a physical phenomenon consisting of minute vibrations that travel through a medium, such as air
or water. When a source vibrates, its forward movement compresses the molecules in the adjacent
medium (water or air) and creates a region of higher pressure relative to the ambient pressure in the
medium. As the surface of the vibrating object moves back toward its original position, the molecules of
the surrounding medium are pulled back and a region of lower pressure results. These are called
compressions and rarefactions, respectively. The speed at which these compressions and rarefactions
travel away from the source depends on the compressibility and density of the media and is called the
speed of sound. The layers of compressions and rarefactions result in a sound wave. Sound waves travel
much faster in water than in air.

Sound is generally described in terms of frequency (or pitch), intensity, and temporal properties (short or
long in duration). The following text provides a general description of these terms. For more details,
there are several publications and books that provide detailed overviews of acoustics, such as Richardson
etal. (1995) and Au and Hastings (2008) for underwater sound, and Harris (1998) for airborne sound.

Frequency, measured in Hertz (Hz), is a measure of how many times each crest of a sound pressure wave
passes a fixed point within a second. For example, when a drummer beats a drum, the skin of the drum
vibrates a number of times per second. A particular tone that makes the drum skin vibrate 100 times per
second generates a sound pressure wave at 100 Hz, and this vibration is perceived as a tonal pitch of 100
Hz. Sound frequencies between 20 Hz and 20,000 Hz are within the range of sensitivity of the best
human ear. Some mysticetes (baleen whales) produce and likely hear sounds below 20 Hz, while
odontocetes (toothed whales) produce and hear sounds at frequencies much higher than 20,000 Hz (also
reported as 20 kiloHertz [kHz]).

Acoustic intensity is defined as the acoustical power per unit area. The intensity, power, and energy of a
sound wave are proportional to the average of the squared pressure. Measurement instruments and most
receivers (humans, animals) sense changes in pressure which is measured in Pascals (Pa). Pressure
changes due to sound waves can be measured in Pa but they are more commonly expressed in decibels
(dB). The decibel is a logarithmic scale that is based on the ratio of the sound pressure relative to a
standard reference pressure per. Different standard reference pressures are used for airborne sounds and
underwater sounds. The airborne standard pressure reference is pr(air) = 20 microPascals (pPa), where
1 yPa = 0.000001 Pa. The underwater standard reference pressure is prs(water) = 1 pPa. The formula
used to convert a pressure p measured in pPa to sound pressure level P measured in dB is P = 20
logio[p/prer]. Because of the logarithmic nature of the decibel, sound levels cannot be added or subtracted
directly. If a sound’s pressure is doubled, its sound level increases by approximately 6 dB, regardless of
the initial sound level. This can be illustrated by considering a sound having pressure p;; it has decibel
level Py = 20 log[p:/pres]. Now consider a sound with twice the pressure: p,=2p,. It has decibel level P, =
20 log[pa/prer] = 20 log[2p1/prer] =<P1+ 6 dB.

Sound Metrics

The metrics most commonly used for evaluations of underwater sound effects on marine mammals are
peak pressure (0-peak or peak-to-peak), root-mean-square (RMS) sound pressure level (SPL), and sound
exposure level (SEL). Figure 3.1-5 shows a representation of a sinusoidal (single-frequency) pressure
wave to help illustrate the various metrics. The amplitude of the pressure is shown on the vertical axis,
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and time is shown on the horizontal axis. The pressure of the wave is shown to fluctuate around the
neutral point. The peak sound pressure is the absolute value of the maximum variation from the neutral
position; therefore, it can result from either compression or a rarefaction. The peak-to-peak sound
pressure is the difference between the maximum and minimum pressures. The average amplitude is the
average of absolute value of pressure over the period of interest. The RMS amplitude is a type of average
that is determined by squaring all of the amplitudes over the period of interest, determining the mean of
the squared values, and then taking the square root of this mean. The RMS amplitude of an impulsive
signal could vary significantly depending on the length of the period of interest (DOSITS 2011). SEL is a
metric that is related to the sound energy per area received over time, though it does not have energy
units. It is proportional to the square of the sound pressure and the time over which a sound is received.

An audiogram shows the lowest level of sounds that an animal or human can hear (hearing threshold) at
different frequencies (pitch). The y-axis of the audiogram is sound levels expressed in dB (either in-air or
in-water) and the x-axis is the frequency of the sound expressed in Hz. A typical audiogram for human
hearing is shown on Figure 3.1-6a. In evaluating airborne noise impacts, the method commonly used to
quantify environmental sound consists of evaluating all frequencies of a sound according to a weighting
system that reflects that human hearing sensitivity varies with sound frequency. The most common
frequency weighting to assess human hearing sensitivity and noise impacts is referred to as A-weighting
and the decibel level measured is called the A-weighted sound level (dBA). Figure 3.1-6b shows the A-
weighting function, with sound levels expressed in dB on the y-axis and frequency on the x-axis. Another
human hearing weighting function commonly used includes C-weighting, which is used to address human
hearing sensitivity when exposed to loud sound. Common metrics used to for airborne noise include the
Leq (equivalent sound level) — the energy-mean A-weighted sound level during a measured time interval
and the Lyin and Ly — the RMS minimum and maximum noise levels during the monitoring period.

When evaluating potential noise impacts on wildlife, the A-weighting curve is usually not applied, as it is
based on human hearing. Figure 3.1-7 shows hearing thresholds for some terrestrial and marine mammals
as compared to the hearing threshold for humans. Figure 3.1-8 illustrates the proposed M-weighting
functions for marine mammals by Southall et al. (2007).

Comparisons of underwater and airborne sound levels are difficult for several reasons, primarily due to
the differences in the media (especially the characteristic impedance of the media), and it is important to
take into account the reference pressure level noted previously (1 pPa for underwater, 20 pPa for
airborne). Sound pressure level is derived from the equation SPL = 20 log (p/pref), Where p is the acoustic
pressure being measured and py is the reference pressure. Thus, 26 dB must be added to the dB level
measured in air in order to have the same reference level in water (20 log 20) = 26. Table 3.1-6 shows
underwater and airborne sound pressure levels and the relationship with the pressure. While it may be
useful to compare the difference in a source sound level or hearing sensitivity of a marine mammal to a
terrestrial mammal, this is for comparison purposes only.

O’Neill et al. (2010a and 2010b) provide formulas for calculating underwater levels of impulsive noise
used for the purpose of estimating biological impacts, and in particular the peak SPL, the root-mean-
square (rms) SPL, and the SEL. The peak SPL is the maximum instantaneous sound pressure level
attained from one or more pressure pulses (O’Neill et al. 2010). The rms SPL is the square root of mean
square pressure level over a specified time window containing the pressure pulse; a common time
window for airgun seismic pulses is the interval containing 90 percent of the pulse energy, and the
resulting metric is referred to as the 90 percent rms SPL (O’Neill et al. 2010). The SEL is a measure
related to the sound energy or exposure rather than sound pressure, and may be expressed as a per-pulse
metric or a cumulative metric over multiple pulses for airgun signals (O’Neill et al. 2010).
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Table 3.1-6 Sound Levels of Typical Sources

Underwater Airborne
Pascals sound level sound level Typical underwater sounds Typical airborne sounds
(dBreluPa) | (dBre20 uPa)
1,000,000 240 214 1 m from hypothetical airgun
array
100,000 220 194 2 kg high explosive at 100 m
10,000 200 174 Some military gunsat 1 m
1,000 180 154 Sonic booms
100 160 134 Large ship, 100 m
10 140 114 Fin whale call, 100 m Eﬁ;’g’f%éh&e:?gﬂj‘;‘;rtakeo .
1 120 94
0.1 100 74 15 m from auto at 55 km/hr
0.01 80 54 Ambient sound, Sea state 4 Speech in noise at 1 m
0.001 60 34 Ambient sound, Sea state 0 Speech in quietat 1 m
0.001 40 14
20 1 26 0 Human threshold

Notes: dB re 1 Pa = decibels referenced to 1 microPascal; m = meters; km = kilometers; hr = hour
Source: Richardson et al. (1995)

The evaluation of noise effects on marine wildlife is difficult for several reasons. Sound level thresholds
corresponding to injurious effects are difficult to determine without actually causing injuries to animals.
The lowest level of injurious effect from noise exposure is damage to hearing organs. Permanent
threshold shift (PTS), as opposed to temporary hearing shift (TTS), is considered an auditory injury.
Studies to measure the threshold of sound exposure leading to onset of PTS in marine mammals do not
involve the actual inducement of PTS. Rather, PTS thresholds have been estimated by measuring
thresholds for onset of TTS and extrapolating those thresholds according to the amount of additional
exposure required to increase the TTS to a non-recoverable state (Southall et al. 2007). Additionally,
knowledge of the frequency sensitivities of different species groups to loud sounds can be incorporated
into PTS thresholds using M-Weighted cumulative SELs, as demonstrated in Southall et al. (2007).
Southall et al. (2007) also propose peak pressure thresholds for PTS.

Behavioral effects thresholds are likewise difficult to determine due to the highly variable reactions of
animals to sound (NRC 2003a). Variability in reactions may occur as a result of individual’s hearing
ability, sex, age, and the context of the sound exposure. Context can include habitat, current activity of
the animal and past exposure experiences. Additionally, the sensation level of a sound, which is the
relative received level of a particular sound as compared to the animal’s basic hearing threshold at the
frequency of that sound, can factor into how an animal may respond to a sound. Sensation levels can be
taken into consideration where audiograms are available for a species; however, there are no available
measurements of audiograms for mysticetes.

When evaluating acoustic impacts, it is also important to take into account the temporal characteristics of
the sound. A sound may be transient in nature (a relatively short duration with an obvious start and stop)
or continuous (no obvious start or stop). NMFS considers transient sound as pulsed and continuous sound
as non-pulsed. Examples of transient sounds include explosions, airguns, impact pile drivers, and sonar.
Examples of continuous sounds include an operating drillship or ship underway. However, it is important
to note that that source-path-receiver model discussed below will influence how a sound is perceived by
the receiver. For example, sound from a ship underway is continuous at the source, but will not be a
continuous to a stationary receiver once it has passed by. Another example is that transient sound such as
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airguns are impulsive at the source, but due to the many factors that influence propagation, may be
perceived as non-pulse at a farther distance by a receiver. As described in detail in Southall et al. (2007),
pulses are transient sounds with rapid rise-time and high peak pressures and are possibly injurious to
mammalian hearing. Non-pulsed sounds may not result in as much damage, but may still cause
behavioral changes.

Ambient Noise

Ambient noise is the background noise, encompassing a myriad of sources, some of which are known and
others unknown. The noise sources may include natural and anthropogenic sources near and far away.
Ambient noise varies with season, location, time of day, and frequency.

The ambient noise in an environment will influence how well an animal may detect sounds of interest,
such as calls by other members of their species, or sounds from prey and predators. Animals will only
react to sounds that they can detect. To be detected, sounds must exceed the hearing threshold of the
animal, and they have to approach or exceed the ambient sound levels in the same frequency band. When
the hearing threshold is below the current ambient noise level, as quite often occurs, then ambient noise
limits the maximum distance at which a sound source can be detected. Because both hearing thresholds
and ambient noise levels vary with frequency, it is important to examine the spectral (variation with
frequency) properties of the ambient noise.

Two recent studies of arctic ambient noise have been performed in the Beaufort and Chukchi seas. Roth
et al. (2012) performed three years of ambient noise measurements from 2006-2009 with autonomous
acoustic recorders deployed on the continental slope in 265m (869 ft) water depth, approximately 130 km
(81 mi) north of Barrow, Alaska. Delarue et al. (2012) performed five years of measurements from 2007
to 2011 using multiple autonomous recorders deployed over a wide area of the eastern Chukchi Sea shelf
in water depths of 18 m to 80 m (59 to 262 ft). Roth et al. (2011) report mean spectrum levels in
September and October of 80-83 dB re 1 pPa?/Hz at 20-50 Hz, decreasing at ~5 dB/octave above 50 Hz.
All other months had lower levels due to lower average wind speeds and to presence of ice. May had the
lowest spectrum level (65 dB re 1 pPa’/Hz at 50 Hz); that was attributed to lowest mean wind speeds and
high ice cover. Delarue et al. (2012) report similar ambient spectral levels in winter months, with a
median level of 71 dB re 1 puPa’/Hz from 10 Hz to 40 Hz but decreasing slightly less rapidly at ~4 dB per
octave above 40 Hz. The summer spectral levels of Delarue et al. (2012) differ from those of Roth et al.
(2011); Delarue et al. (2012) show increasing spectral levels with frequency from ~67 dB re 1 pPa*/Hz at
20 Hz to 76 dB re 1 uPa?/Hz at 100 Hz, then decreasing with frequency above 300 Hz at ~5 dB/octave.
Interestingly, the low-frequency roll-off below 100 Hz observed by Delarue et al. (2012) is not observed
in Roth et al.’s (2011) measurements. That roll-off is likely due in part to reduced support of low
frequency sound propagation in the shallow waters of the shelf. It is not observed in the winter data and
that is likely due to reduced wind and wave noise in the mid-frequency band when ice cover is present.
Delarue et al. (2012) suggest their relatively higher levels between 100 and 300 Hz in summer are also
influenced by noise from seismic surveys that have occurred on the shelf during their measurements.
Delarue et al. (2012) also show that marine mammal vocalizations can locally or regionally influence
ambient noise levels over substantial time periods. They specifically indicate that male bearded seal calls
dominate the ambient noise field during their mating period from mid-April to early June over much of
the Chukchi shelf, including most of the lease area, and their calls can raise the ambient spectrum from
100 Hz to 1 kHz by as much as 20 dB.

Propagation of Sound

Richardson et al. (1995) describe a useful method for considering the process of sound generation,
propagation and perception. This method is referred to as the “source-path-receiver” model. Each of the
three components is introduced below and then discussed in more detail in the following text.
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e Source: the source of the emitted sound (such as an airgun or drillship). It has particular acoustic
characteristics including its amplitude and its pitch.

e Path: the route from source to the receiver of the sound wave. The path may alter the nature of
the source sound as it travels from the source to the receiver (terms often used are transmission or
propagation). The path can include segments through air or water, or both.

o Receiver: the human or animal that perceives the sound after it has left the source and propagated
over the path. Receivers have specific detection abilities, so not all receivers will detect or
perceive a sound the same way.

Sources of underwater sound may be physically small, such as the transducers of small positioning
sonars, or very large, such as ice-breaking vessels. In both cases acousticians generally characterize their
sound emissions using a metric known as source level. The source level does not necessarily indicate the
sound level that could be measured at any location near the source. Rather, it represents the equivalent
pressure that would occur at a reference distance, typically 1 m (3.3 ft), from a point source under the
assumption that, when observed by receivers at large distances, the point source and the actual source
produce the same received sound pressure level. This definition of source level can lead to confusion
about actual sound levels experienced near large or spatially-distributed sources. For example, large
vessels emit sound energy into the water from several parts of their hull and from their propellers. The
total sound energy produced by all parts of the vessel will be quite large so received sound levels at
distance from large vessels are often high. The source level is computed by scaling that received level
back to 1 m (3.3 ft) from a single point location, assuming that the entire sound energy of the vessel was
produced at that point location. The source level is therefore larger than the actual pressure level at 1 m
(3.3 ft) from any single part of the vessel. Distributed sources with multiple elements, such as airgun
arrays, also have source levels that are higher than the actual sound levels experienced close to any part of
the source. The reason again is that the source level allocates all of the energy from multiple airguns to a
single point location. The source level represents the pressure that would be measured at 1 m (3.3 ft)
from that location. While point source levels are not useful for accurately predicting pressure very close
to larger or distributed sources, they are very useful for predicting sound levels at larger distances.
Generally the distance at which the approximation becomes valid is several times the dimension of the
source itself. For synchronized sources, such as airgun arrays, the actual distance at which the point
source approximation becomes accurate is also dependent on the spatial extent of the source relative to
the sound wavelength, and it therefore depends on the frequency of the sound.

Path refers to the media through which sounds propagate on their way from the source to the receiver.
The path affects the Transmission loss, which represents the total amplitude change from the source
position (actually at 1 m [3.3 ft] from the source) to the receiver. Transmission loss is generally
represented in decibels, and it is a measure of the overall decrease in acoustic intensity. It is comprised of
several other loss mechanisms, including spreading loss, reflection and refraction loss, and absorption.
Simply, spreading loss refers to the decrease in pressure that results from the increasing surface area a
sound wavefront covers as it moves further from the source. The sound energy becomes spread over
larger areas, so the energy per unit area, and consequently pressure, decreases. In a uniform and
boundless medium, sound spreads out from the source in a spherical dimension — sound levels in this
situation typically diminish by approximately 6 dB due to spreading loss when the distance is doubled. In
shallow water environments where acoustic paths are bounded by the surface and seabottom, the rate of
spreading loss decreases due to trapping of sound energy by the boundaries. If the surface and bottom
were perfectly-reflecting then the spreading loss at longer distances would be referred to as cylindrical —
sound levels in this situation would diminish by 3 dB per doubling distance. Reflection (sound waves
“bouncing” off surfaces) and refraction (bending of the propagation path) affect sound propagation and
can lead to areas of higher or lower sound level than if they were not present. Absorption is the loss of
acoustic energy by internal scattering and conversion of pressure energy into heat within the propagation
medium. Transmission loss underwater varies with temperature, sea conditions, source and receiver
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depth, water chemistry, bottom composition, and topography. Transmission loss parameters in air vary
with air temperature and humidity, wind, turbulence, cloud cover, type of ground cover between source
and receiver, and source and receiver height. In nearly all cases, transmission loss varies with frequency,
which is an important consideration in the application of the source-path-receiver model; it is common to
apply the model separately to smaller frequency bands, and those individual band results are combined
later.

Receiver refers to the listening device or animal that experiences the sound at the far end (opposite the
source) of the acoustic path. The receiver can refer specifically to the hearing organs of animals but high-
amplitude sounds can affect other organs. In any case, the receiver will have varying sensitivity to
different frequencies. Hearing-related effects such as masking and auditory injury depend on the sound
amplitude and the frequency distribution of the sound. Some sound metrics used for effects evaluation
take into account the frequency-dependent hearing sensitivity of different species as was discussed in the
Sound Metrics section above.

As noted previously, this section provides a very basic introduction to acoustic terminology that will be
used in this EIS. For more details, there are many textbooks available that provide more details (e.g.,
Richardson et al. 1995, Au and Hastings 2008, Harris 1998). Furthermore, a website with some basic
introductions to sound in the sea is located at: http://www.dosits.org/.

Due to the differences in the acoustic environment of the U.S. Beaufort and Chukchi seas (both
underwater and airborne), they are discussed separately in the following text. For the purposes of the
acoustics section of this EIS only, the region around Barrow will be included in the Chukchi Sea
discussion.

3.1.6.2 Beaufort Sea
Airborne Acoustics

The existing airborne noise environment in the coastal areas of the Beaufort Sea is influenced by sounds
from natural and anthropogenic sources. Similar to the Chukchi Sea (discussed below in Section 3.1.6.3),
the primary natural source of airborne noise on the offshore, nearshore, and onshore regions is wind,
although wildlife can produce considerable sound during specific seasons in certain nearshore and
onshore regions. Anthropogenic noise levels in the Beaufort Sea region are higher than the Chukchi Sea
due to the oil and gas developments of the nearshore and onshore regions of the North Slope, particularly
in the vicinity of Prudhoe Bay. Noise sources consist of regular air and vehicular traffic on the roads
within the few development areas (such as around Deadhorse). Noise is also produced by the operations
of heavy construction and industrial equipment that service the wells, processing facilities, pipelines,
camps, etc. Industrial activities occur throughout the region on a year-round basis. There have been
numerous airborne noise studies along the North Slope throughout development of the area. Sound levels
near oil and gas development sites with equipment are similar to other industrial sites with levels 70 to 90
dBA (e.g., Shepard et al. 2001, EPA 1974). Sound levels farther from equipment are closer to the natural
background levels of 45 to 60 dBA (BLM 2004). Noise sources and associated sound levels near the
communities of Nuigsut and Kaktovik will be similar to those described for the Chukchi Sea.

Underwater Acoustics

Underwater noise is comprised of natural and anthropogenic sources. It varies temporally (daily,
seasonally, annually) depending on weather conditions and the presence of anthropogenic and biological
sources. Natural sound sources in the Arctic Ocean include earthquakes, wind, ice, and sounds from
several animal species. Figure 3.1-9 shows the Wenz curves (Wenz 1962), which summarized the range
of ocean background noise at different frequencies (as reported in NRC (2003a). Earthquakes and other
geologic processes (subduction, spreading, faulting, volcanic, hydrothermal vent activity) typically
generate loud, low frequency (<100 Hz) sounds that propagate for long distances. Atmospheric effects,
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such as wind, lightning, thunder, and rain at the surface have a significant effect on ambient sound levels.
Sources of underwater noise in the Beaufort Sea are the same as those described below for the Chukchi
Sea (Section 3.1.6.3); however, due to different bathymetry, current, and level of anthropogenic activities,
the ambient noise environment is more variable. The Beaufort Sea offshore environment can be divided
into three primary acoustic environments: a) shallow bays bounded by barrier islands; b) shelf region with
water depths from 10 m to 250 m depth [33 to 820 ft]; and c) basin slope with depths 1,000 to 3,000 m
(3,280 to 9,843 ft). The basin floor is 3,000 to 3,500 m (9,843 to 11,483 ft) further offshore but fewer
marine mammals are present there, and anthropogenic activities are limited in the very deep ocean region.
The shallow bays are less conducive to low frequency sound propagation, and this generally reduces both
anthropogenic and natural sound levels relative to the deeper Beaufort Sea environment. However, past
oil and gas activities have largely been concentrated in these regions, so anthropogenic noise is more
prevalent here. The shelf region has similar depth and acoustic properties to the Chukchi shelf
environment. Recent seismic surveys have been performed on the Beaufort Sea shelf in Camden and
Harrison Bays that have generated exploration noise footprints similar to those produced by exploration
over the Chukchi Sea lease areas. Underwater sound channels form when there is a change in the velocity
of the water column. The deeper basin slope and basin include a near-surface sound channel that can
support long-range propagation of distant sounds, but at relatively low levels — distant seismic survey
sounds are commonly detected here and over deeper parts of the shelf. Those sounds are believed to have
propagated from long distances through the sound channel and then with increasing attenuation as they
encounter shallower water when propagating over the shelf.

Biological sounds from marine mammals in the Beaufort Sea region are generally lower than those in the
Chukchi Sea. This is primarily a result of reduced numbers of the two most vocal species, walrus and
bearded seals, in the Beaufort Sea. Bowhead vocalizations will contribute during the spring and fall
migrations, but the migration corridor in the Beaufort, and consequently the region exposed to
vocalizations, is predominantly along a narrower path that follows approximately 16 to 48 km (10 to 30
mi) from shore. Bowhead vocalizations in September and October are limited to low frequency moans
below approximately 1000 Hz. Bowhead calling structure evolves from simple calls to complex calls and
songs from October to December, but most bowheads have already migrated into the Chukchi Sea by this
time (Delarue et. al. 2009). The complex calls and songs extend in frequency from less than 100 Hz to
several kilohertz. Wind and sea ice contribute greatly to the noise environment (e.g., Blackwell and
Greene et al. 2004, Blackwell and Greene 2006, Blackwell et al. 2009) in the Beaufort Sea.

Anthropogenic sounds are primarily in the nearshore and shelf region, and include noise from vessel
traffic, primarily in the Prudhoe Bay region, as there are three docks with deep draft capability. During
the open water season, there are barges and tugs present with supplies ranging from fuel and food to large
modules for oil and gas processing onshore, research vessels, and crew supply vessels from Northstar to
West Dock (Blackwell and Greene 2006).

Existing North Slope production operations extend from Alpine in the west to Point Thomson and
Badami in the east. Most of the production operations on the North Slope are onshore, but there are a few
offshore units that contribute to the underwater noise environment. The Northstar oilfield was discovered
in 1983 and developed by BP in 1995. The offshore oilfield is 10 km (6 mi) from Prudhoe Bay in about
10 m (39 ft) of water. Sounds in the near and far shore have been measured from Northstar throughout
construction and operation and these measurements continue today (BP 2009) with analysis of potential
effects of the island on bowhead migration. Broadband noise from Northstar reaches background noise
levels during drilling by 9.4 km (5.8 mi) from the island (Blackwell et al. 2004). The Oooguruk Unit is
located adjacent to Kuparuk River Unit in shallow waters of Harrison Bay. Pioneer and its partner, Eni,
constructed an offshore drill site and onshore production facilities pad in 2006 on State of Alaska leases,
and this unit has been operating since 2008. Studies during construction of Oooguruk showed noise from
drilling were not detected outside the barrier islands, and vessels were the primary noise source (Pioneer
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2009). The Nikaitchug Unit is located at Spy Island, north of Oliktok Point and the Kuparuk River unit
and northwest of the Milne Point Unit and has been operating since 2010.

3.1.6.3 Chukchi Sea
Airborne Acoustics

The existing airborne environment in the coastal areas of the Chukchi Sea is comprised of natural and
anthropogenic sources. The primary natural source of airborne noise on both the offshore, nearshore, and
onshore regions is wind, although wildlife will contribute some during specific seasons in the nearshore
and onshore regions. For example, shorebirds are often quite loud in the summer season in breeding
areas. Walrus produce several types of grunts, snhorts, and whistle sounds while on-land haulout sites;
these haulout sites are often many thousands of animals. Anthropogenic activity is relatively limited in
the Arctic offshore relative to other seas, but occasional vessel traffic from tourism, research, or oil and
gas activities and local activity generates some airborne noise. Anthropogenic noise levels in the
nearshore and onshore region will be higher in populated areas — the coastal communities of Wainwright,
Point Lay, Point Hope, Kivalina, and Barrow — with increasing noise levels associated with the larger
communities. Community noise consists of aircraft, vehicular traffic (including all-terrain vehicles and
snow machines), construction equipment, people talking/yelling, dogs barking, power plants, skiffs used
for hunting, generators, etc. There have been no detailed existing noise surveys in these communities, but
overall sound levels associated with smaller communities with smaller roads and relatively few aircraft
range from very quiet during periods of low wind (<20 dBA) to 65 to 70 dBA during periods of higher
human activity and wind (EPA 1974). Typical community noise levels during the daytime are likely 50-
65 dBA, and levels during the nighttime are likely 35 to 45 dBA (EPA 1974).

Noise from offshore vessels will contribute very little to the ambient airborne noise environment as there
are no existing ports or docks in any of these communities deep enough for the larger vessels to come
within a few miles.

Underwater Acoustics

Sources of underwater noise in the Chukchi Sea are the same as those described above for the Beaufort
Sea (Section 3.1.6.2). In the Chukchi Sea, surface wind affects ambient noise levels, causing variations in
up to 20 dB in the ambient noise environment (Hannay et al. 2011). The presence of sea ice can
dramatically change the ambient noise environment, either by affecting propagation or as a source of
noise. Areas with 100 percent sea ice coverage may reduce or eliminate noise from waves or surf
(Richardson et al. 1995). As ice forms in shallower waters, sound propagation efficacy of low frequency
sounds may be reduced (NRC 2003a). The movement of the ice can also be a significant source of noise
in the Arctic Ocean. In areas of continuous fast-ice cover, the ice cracking due to thermal stresses can be
a dominant source of noise, usually between 100 to 1,000 Hz (Milne and Ganton 1964). Hannay et al.
(2001) also report ice as being a major source of noise throughout the Chukchi Sea.

Biological acoustic sources include marine mammals and fish. During specific seasons, marine mammal
calls contribute substantially to the ambient noise levels in the Chukchi Sea. As described in Section
3.2.4, there are a variety of marine mammals that occur in the Chukchi Sea, all of which produce sounds
throughout the open water season. Since the late 1970s and early 1980s, seafloor mounted passive
acoustic monitoring devices have been deployed near Barrow as part of the bowhead whale acoustic
census (e.g., Clark and Johnson 1984). Since 2006, there have been detailed passive acoustic monitoring
recorders deployed throughout the Chukchi Sea as part of oil and gas-sponsored environmental studies.
The recent recorder locations range from Cape Lisburne to Barrow and from 5 nautical miles (NM)
nearshore to more than 100 NM offshore (e.g., Cornell 2010, Hannay et al. 2011). Bowhead whales pass
through the region during their spring and fall migrations. They produce a variety of sounds in the 20 to
3,500 Hz frequency range (George et al. 2004, Cornell 2010, Hannay et al. 2011). Walrus are in the
Chukchi Sea from late spring through the fall. They produce a variety of sounds ranging from grunts to
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knocks that are fairly broadband (100 Hz — 10 kHz). In 2008, walrus were detected most frequently in
late September (Cornell 2010). In 2009, walrus were detected most frequently in late August to mid-
September, particularly between Hanna Shoal and Wainwright (Hannay et al. 2011). Bearded seals are
detected throughout the year on recorders throughout the Chukchi Sea, but during the breeding season
(May), sounds from the male bearded seals increase the ambient background levels by as much as 20 dB
in the 400 Hz range (Hannay et al. 2011). While sound production by fish in the arctic is not well
understood, acoustic recorders in the Chukchi Sea have captured some low frequency grunt-like sounds,
mainly less than 100 Hz, which may be produced by arctic cod (Cornell 2010).

Anthropogenic noise sources include vessel traffic, oil and gas exploration, and other miscellaneous
sources. Vessel traffic includes a wide range of vessel sizes with varying noise levels. Vessel types
include small skiffs used for whaling, scientific research vessels, re-supply barges for the communities,
large barges carrying oil and gas processing modules to the North Slope (see Transportation Section 3.3.7
for more details on traffic), some tourism and recreation vessels, icebreakers, and vessels associated with
oil and gas exploration activities. As summarized in several acoustic texts (e.g., Richardson et al. 1995,
NRC 2003a, Au and Hastings 2008), sounds associated with vessel traffic are primarily generated by
cavitation of the propeller, but some sound from on-board machinery is also transmitted through the hull
into the water. Source levels for smaller vessels are typically between 120 and 150 dB re 1 pPa at 1 m
with most of the energy below 5,000 Hz (Richardson et al. 1995), while source levels for tugs pulling
large barges are typically lower frequency (below 1,000 Hz) with greater source levels (~170 dB re 1 pPa
at 1 m). In the Chukchi Sea, tugs and barges typically travel approximately 50 NM from shore from the
Bering Strait through to Prudhoe Bay or into Canada. Research and oil and gas vessels transit throughout
the lease sale area that is more than 50 NM from shore. However, these vessels make occasional transits
to within a few miles from shore to change out the research and crew personnel as required.

Sources of anthropogenic sound in the Chukchi Sea associated with oil and gas exploration include all of
the activities identified in Chapter 2: deep penetration seismic surveys; high resolution geophysical
surveys; and exploratory drilling. The sound levels and associated frequencies were described in Chapter
2. There are no production islands in the Chukchi Sea at this time. There are no ports or docks in the
Chukchi Sea, so there has been little introduction of construction noise (such as pile driving or dredging)
in this region to date.

Because the Chukchi Sea continental shelf has a highly uniform depth of 30 to 50 m, it strongly supports
sound propagation in the 50 Hz to 500 Hz frequency band (Funk et al. 2008). This is of particular interest
because most of the industrial sounds from large vessels, seismic sources, and drilling are in this band,
and this is likely within the greatest hearing sensitivity of bowhead whales.

3.1.7 Water Quality

Water quality is a term used to describe the physical, chemical, and biological characteristics of water,
usually with regard to its ability to perform or support a particular function. Water quality criteria or
standards can be generally defined using an established set of parameters that are related to the utility of
the water for a particular set of purposes (e.g. protection of marine biota, maintenance of subsistence food
resources).

Since drilling of the first OCS exploration well in 1981, a variety of onshore and offshore oil exploration
and development projects have been conducted in and adjacent to both the Alaskan Beaufort and Chukchi
seas (NRC 2003b). Over 20 discoveries have been made in areas such as Endicott (an offshore field in
state waters), Sagavanirktok Delta North (onshore near Prudhoe Bay), and Badami (Beaufort Sea) (Brown
et al. 2010). The effects of past oil and gas exploration and development must be considered in order to
accurately and completely characterize current water quality in the Alaska Arctic Region OCS (Brown et
al. 2010). In addition to inputs resulting from oil and gas exploration and development, anthropogenic
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materials may be introduced to the Beaufort and Chukchi seas through influx from the Bering Sea, river
runoff, coastal erosion, and atmospheric deposition (Woodgate and Aagaard 2005).

However, the majority of the water flowing into the Beaufort and Chukchi seas is relatively free from the
influence of human activity, and there are currently no impaired waters (as defined by the Clean Water
Act Section 303(d)) identified within the Arctic Region by the State of Alaska (ADEC 2010).

3.1.7.1  Applicable Regulations

State of Alaska water quality standards for designated uses of marine and fresh water are available in the
most recent version of 18 AAC 70, or from the ADEC web site (www.dec.state.ak.us/water/wasar/).

Pursuant to the Clean Water Act, certain discharges from oil and gas exploration facilities in the Beaufort
and Chukchi seas require authorization by the EPA in the form of an NPDES general permit or if in State
waters, by the ADEC. To be eligible for permitting, discharges into the ocean may not cause an
unreasonable degradation of the marine environment as determined under 40 CFR Part 125 Subpart M.

The Arctic NPDES General Permit AKG-28-0000 for wastewater discharges from Arctic oil and gas
facilities expired on June 26, 2011. On October 29, 2012, EPA issued two general permits for exploration
discharges into the Beaufort and Chukchi seas, permit numbers AKG-28-2100 and AKG-28-8100,
respectively. The general permits authorize discharges from 13 categories of waste streams, subject to
effluent limitations, restrictions, and requirements. The general permits became effective on November
28, 2012 and are effective for five years. The permits require operators to submit Notices of Intent to
EPA requesting authorization to discharge at least 120 days prior to commencing discharges. Changes to
the permits include elimination of the authorization to discharge non-aqueous drilling fluids and
associated drill cuttings (i.e., only water-based drilling fluids and cuttings are authorized); elimination of
the authorization to discharge test fluids; expansion of the scope and requirements of the environmental
monitoring program (EMP); increases in the chemical additive inventory and reporting requirements for
all discharges, including limitations on chemical additive concentrations; prohibition of the discharge of
water-based drilling fluids and drill cuttings during active bowhead whaling activities in the Beaufort Sea,
unless the EPA authorizes the discharge after review of the operator’s evaluation of the feasibility of
drilling facility storage capacity and land-based disposal alternatives; and other changes. A detailed
summary of the changes is included in the EPA fact sheet (see pages 11-12 of the fact sheet) for NPDES
General Permits for Qil and Gas Exploration Facilities on the Outer Continental Shelf and Contiguous
State Waters, available online at
http://www.epa.gov/region10/pdf/permits/npdes/ak/arcticgp/Beaufort_and_Chukchi_General_Permits_Fa
ct_Sheet.pdf.

Draft Ocean Discharge Criteria Evaluations (ODCES) for the Beaufort and Chukchi Permits have also
been performed by the EPA (EPA 2012c and EPA 2012d). The final ODCEs are available at
http://www.epa.gov/region10/pdf/permits/npdes/ak/arcticgp/beaufort/Beaufort_Final ODCE_1029012.pd
f and
http://www.epa.gov/region10/pdf/permits/npdes/ak/arcticgp/chukchi/Chukchi_Final ODCE_102912.pdf.
The 60-day public comment period closed on March 30, 2012. EPA responded to public comments in a
“response to comments” document included with the final permits and reissued the permits on October
29, 2012.

The latest information on water-quality standards from the EPA is available in the current edition of 40
CFR Part 131. The EPA National Recommended Water Quality Criteria are available at
http://water.epa.gov/scitech/swguidance/standards/current/index.cfm.

The US Coast Guard has regulations related to pollution prevention and discharges for vessels carrying
oil, noxious liquid substances, garbage, municipal or commercial waste, and ballast water (33 CFR Part
151). The State of Alaska regulates water quality standards within three miles of the shore.
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3.1.7.2  Water Quality Parameters

The following water quality variables are discussed because of their importance to the functioning of the
potentially affected ecosystem.

Temperature and Salinity

Temperature often dictates the ability of water to support a particular biological community and also
influences a wide range of other chemical and physical parameters. It is therefore an important variable
for establishing baseline water quality of the affected environment. Higher water temperatures decrease
the ability of water to hold oxygen, reduce the density of the water, and may also increase the likelihood
of an algal bloom. Rapid temperature shifts impact the health of marine species, while long-term
temperature changes may have a considerable impact on ecosystems. Increases in water temperature
encourage the growth of heat-tolerant organisms, which may include introduced species. Decreases in
water temperatures generally slow down biological productivity and may decrease food availability to
fish and other grazing animals. Factors that influence water temperature include time of day, season,
depth of water, flow rate, tidal influence, nearby cooling water outfalls, and the location of the sampling
point.

Salinity influences the density of water and can fluctuate due to ice formation and melting, freshwater
influx from rivers, rainfall, evaporation, and tidal cycles. Due to the need to maintain a balance of water
and salts within cells (osmoregulation), many organisms have narrow salinity tolerance ranges. The
salinity of typical open ocean seawater is usually about 35 ppt (35,000 milligrams per kilogram [mg/kg]),
or 35 grams of salt dissolved in 1,000 grams of water. Salinity may also be quantified using psu, which
correspond closely to ppt. The salinity measurement represents the total of all the salts dissolved in the
water. Although the salt is comprised of many different ions, those ions are present in relatively constant
proportions to each other in open ocean seawater. The principal ions in standard open ocean seawater are
chloride, sodium, and magnesium. Together, they constitute over 89 percent of the ions dissolved in
standard seawater (Millero 1996).

Strong seasonal variation is apparent in temperature and salinity profiles from the Beaufort and Chukchi
seas.

Throughout the spring and early summer, surface warming and associated ice melting increase the sea
surface temperature (a maximum value near 8° C), decrease the sea surface salinity (a minimum value
near 20 psu), and cause both the thermocline and halocline to occur at relatively shallow depths (20 to 50
m) (Chu et al. 1999). During summer, profiles of temperature and salinity in the Beaufort and Chukchi
seas show a multilayer structure, with a shallow mixed layer of warm low-salinity water overlying cooler
saltier deep layers.

During winter, low solar energy input resulting from long periods of darkness leads to radiative heat loss
from the surface. Cooling at the sea surface destabilizes the shallow mixed layer through strong upward
heat flux and salt rejection by ice freezing and results in an isothermal/isohaline structure characterized by
relatively uniform temperatures and salinities over the entire depth of the water column (Chu et al. 1999).

Turbidity and Total Suspended Solids

Turbidity is an expression of the optical property that causes light to be scattered and absorbed by a water
sample. Turbidity measurements are expressed in Nephelometric Turbidity Units (NTU). Turbidity is
caused by suspended matter or other impurities that interfere with the clarity of the water. These
impurities may include silt, eroded soils, suspended organic solids, and plankton and other
microorganisms (EPA 1999b). Turbidity is an optical property that is closely related to the concentration
of total suspended solids in the water. Measurements of total suspended solids are expressed in
milligrams per liter (mg/L).
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In the Beaufort and Chukchi seas, natural turbidity is caused by particles from riverine discharge, coastal
erosion, and resuspension of seafloor sediment, particularly during summer storms. Because the particles
that interfere with the clarity of the water are predominantly from terrestrial sources, naturally-occurring
turbidity levels in the Beaufort Sea are greatest in near shore waters and generally decrease with distance
from shore as particles settle out of the water column (Trefry et al. 2009). Similar spatial trends in
turbidity can be expected to occur in the Chukchi Sea; however due to the current regime in the Chukchi
Sea and the relatively wide shallow Chukchi shelf, resuspended seafloor sediments may contribute
substantially to offshore turbidity levels in the Chukchi Sea (Pickart et al. 2005).

Turbidity can affect phytoplankton growth by limiting the depth to which light penetrates the water
column. High turbidity levels may also affect filter-feeding organisms and influence the ability of fish
gills to absorb dissolved oxygen. Pollutants and pathogens may be associated with suspended solids, such
that changes in turbidity may indicate changes in the ability of the water to support marine biota.

Turbidity in the Beaufort and Chukchi seas varies depending on the season of the year, weather
conditions, and the location. Turbidity levels are generally higher during the summer open-water period
relative to the winter ice-covered period.

Measurements of turbidity in nearshore Beaufort Sea waters during summer show large variations due to
changes in wind conditions. Under relatively calm conditions (winds less than 5 knots) during late
summer, turbidity levels are likely to be less than 3 Nephelometric Turbidity Units and under high winds
(greater than 25 knots), turbidity may be in excess of 80 Nephelometric Turbidity Units (Figure 3.1-10)
(Boehm 2001).

Nearshore waters generally have high concentrations of suspended material during spring and early
summer because runoff from the rivers produces very high turbidity adjacent to the river mouths.
Maximum values correspond to midseason river-discharge peaks following large rainfall events in the
Brooks Range. The highest levels of suspended particles in the discharge are found during breakup;
maximum concentrations of total suspended solids ranged from 60 mg/L to 106 mg/L in the Kuparuk
River during 2006 and 285 mg/L (2004) to 353 mg/L (2006) in the Sagavanirktok River (Trefry et al.
2009). Turbidity is also affected by natural erosion of organic material along the shorelines. Erosion and
flooding associated with autumn and spring storms may increase inputs of organic material from the
shorelines and locally increase turbidity (MMS 2008). The resulting turbidity limits light availability and
measurably reduces primary productivity of shallow coastal waters (Dunton et al. 2004).

In winter, the turbidity in water under the sea ice is generally lower compared to the summer open water
season. As sea ice forms during fall, particulates are removed from the water column by ice crystals and
are locked into the ice cover. Formation of surface ice also causes a decrease in waves and currents in
response to wind. As a result of decreased wind energy input, the capability of the water to retain
particles in suspension diminishes. Settling of particles decreases the turbidity in the water column.

In April 2000, as part of the Arctic Nearshore Impact Monitoring in Development Area (ANIMIDA)
project, the turbidity levels at various depths in the water column under about 2 m (6.6 ft) of ice were
determined from water samples collected from stations in the vicinity of the Endicott development island,
the Northstar Island, and in Foggy Island Bay (Boehm 2001). Turbidity measurements ranged from 0.15
to 1.35 Nephelometric Turbidity Units (Boehm 2001). These levels are 10 to >100 times lower than
values obtained during the open-water period of August 1999 (Figure 3.1-10) and provide a good
indication of turbidity under the 1.6 to 2.4-m (5.3 to 7.9-ft) thick layers of sea ice (Boehm 2001). The
lowest levels of turbidity were observed at the more-offshore stations.

Metals

Concentrations of solid-phase metals in sediment, and dissolved-phase metals in marine waters, help
identify spatial and temporal trends in the distribution of potential anthropogenic chemicals (Brown et al.
2010).
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In the marine environment, metals are found in the dissolved, solid, and colloidal phases. The
distribution of metals among the three phases depends upon the chemical properties of the metal, the
properties of other constituents of the seawater, and physical parameters. Current EPA water quality
criteria for metals in marine waters are based on dissolved-phase metal concentrations because they most
accurately reflect the bioavailable fraction, and hence the potential toxicity of a metal (EPA 2009b). The
State of Alaska has adopted these criteria for protection of state waters in 18 AAC 70. EPA also uses
these criteria to ensure protection of federal waters (EPA 2006b).

The main inputs of naturally-occurring metals to the Arctic Ocean are derived from terrestrial runoff,
riverine inputs, and advection of water into the Arctic Ocean via the Bering Strait inflow and the Atlantic
water inflow. Atmospheric inputs of metals to the environment should be relatively small compared to
inputs from marine and terrestrial sources (Moore 1981, Yeats and Westerlund 1991). Naturally
occurring concentrations of metals are generally higher in the Chukchi Sea relative to those in the
Beaufort Sea. The higher concentrations are thought to come from Bering Sea water that passes first
through the Chukchi Sea and then through to the Beaufort Sea (Moore 1981, Yeats 1988). Metals from
the Bering Sea may be deposited in Chukchi Sea sediments as Bering Sea water flows over the relatively
shallow Chukchi Sea Shelf.

Concentrations of dissolved metals were measured in seawater samples from the coastal Beaufort Sea
during both the ANIMIDA and Continuation of Arctic Nearshore Impact Monitoring in Development
Area (CANIMIDA) projects (Table 3.1-7) (from Neff 2010). Concentrations of dissolved arsenic,
chromium, and lead were lower than reported values for surface seawater worldwide. Arsenic
concentrations in the low-salinity nearshore samples were below the world average for open ocean waters
because dissolved arsenic concentrations in seawater vary concomitant with salinity. In contrast,
concentrations of dissolved cadmium, copper, and zinc were higher than in typical surface seawater.
Concentrations of dissolved barium were similar to those in typical surface seawater, except during 2000
and 2001, when more nearshore samples were collected (Neff 2010).

Another part of the cCANIMIDA program involved measurement of existing concentrations of fourteen
metals (Ag, As, Be, Cd, Co, Cr, Cu, Hg, Ni, Pb, Sh, Tl, V, and Zn) in sediment from the nearshore
Alaskan Beaufort Sea (Brown et al. 2010). Four other metals (Al, Fe, Ba, and Mn) were included in the
study as indicator metals because they provide insight into sediment composition (Al in clays and Fe in
iron oxide coatings), the presence of drilling discharges (barium in barite, a common additive in drilling
fluids), and sediment redox conditions (manganese, a redox-sensitive metal) (Brown et al. 2010).

Aluminum rarely is introduced into the environment by anthropogenic activities. Normalizing
concentrations of other metals to those of aluminum provides a valuable tool for identification of potential
sources of contamination. This technique was used by Brown et al. (2010) to identify a total of about 17
minor anomalies in the concentrations of measured metals relative to aluminum (0.9 percent of data
points) in the cANIMIDA area. However, the authors concluded that concentrations of potential
contaminants in suspended sediments, as well as dissolved and particulate metals and hydrocarbons in the
development area, are primarily from terrestrial sources and are nearly always at background levels (Neff
2010).

Hydrocarbons and Organic Contaminants

Hydrocarbons are organic compounds comprised entirely of hydrogen and carbon. Hydrocarbons can be
divided into three general categories based on their molecular structures: 1) saturated hydrocarbons
(alkanes) contain only single bonds; 2) unsaturated hydrocarbons (alkenes and alkynes) contain one or
more double or triple bonds; 3) aromatic hydrocarbons (including polycyclic aromatic hydrocarbons [or
PAH]) contain one or more aromatic ring. Because of their nonpolar molecular structures, most
hydrocarbon compounds have very low solubility in water, and tend to associate with organic material or
solid phase particles (such as sediments) in the environment.
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Petroleum is a complex mixture of saturated, unsaturated, and aromatic hydrocarbons, and other related
compounds.

Background hydrocarbon concentrations in Beaufort Sea water are present at concentrations of one part
per billion or less (Trefry et al. 2004). Whole water samples from three areas of the Beaufort Sea
sampled as part of the cCANIMIDA study contained 37 to 69 ng/L (parts per trillion) total petroleum
hydrocarbons (Neff 2010). Most of the PAH compounds in the whole water samples were associated with
the particulate fraction (Neff 2010). Concentrations of dissolved PAH ranged from 13 to 19 ng/L. The
low molecular weight 2- and 3-ring PAH were much more abundant than the higher molecular weight 4-
through 6-ring PAH in both the particulate and dissolved fractions, indicating that much of the PAH
content in surface waters was from a petroleum source (Neff 2010).

Hydrocarbons analyzed in Beaufort Sea sediments include total saturated hydrocarbons (SHC) C9
through C40, PAH, and triterpanes (Brown et al. 2010). An established technique of evaluating the
significance of the measured sediment hydrocarbons to overall ecological risk of the region involves
comparisons to sediment quality guidelines or benchmarks. Sediment quality guidelines have been
developed to assess possible adverse biological effects from metals, polychlorinated biphenyls (PCBs),
pesticides, and PAH. The commonly utilized criteria are the Effects Range Low (ERL) and Effects
Range Median (ERM) presented by Long et al. (1995). (It should be noted that more recent consensus-
based sediment quality guidelines are available (e.g., MacDonald et al. 2000, Buchman 2008)). The
general applications of the guidelines have been to state that adverse biological effects are “rarely”
observed when PAH levels are less than the ERL, “occasionally” observed when contaminants are present
at levels between the ERL and ERM, and “frequently” observed when concentrations exceed the ERM.
ERL and ERM values have been developed for 13 individual PAH compounds and three classes of PAH
(low- and high-molecular-weight PAH, and Total PAH).

Saturated Hydrocarbons

For most Beaufort Sea stations, the total saturated hydrocarbon concentrations in surficial sediments are
low relative to the guideline concentrations, ranging from 0.21 to 16 milligrams per kilogram (mg/kg)
(Boehm 2001). These hydrocarbons are a mixture of terrestrial plant waxes with lower levels of
petroleum hydrocarbons.

Samples of river sediments and peat have total saturated hydrocarbon values of 5.8 to 36 mg/kg and 21 to
32 mg/kg, respectively (Boehm 2001). Sediments were sampled in the Colville, Kuparuk, and
Sagavanirktok rivers. Peat samples came from areas along the Colville and Kuparuk rivers. The
compositions of saturated hydrocarbons in the river and peat samples were similar to the composition in
Beaufort Sea surficial sediments. This similarity indicates a common source of saturated hydrocarbons
for river sediments and nearshore surficial sediments.

The highest total saturated hydrocarbon value, 50 mg/kg, for this suite of samples was found at the station
west of West Dock in Prudhoe Bay (Boehm 2001). The sample from this station also contained high
concentrations of metals and indicated contamination from an anthropogenic source.
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collected from the coastal Beaufort Sea and near Northstar Island during the open-water

season in 2000 through 2006. All dissolved metal concentrations are ug/L (parts per billion).

Year

Salinity
(psu)

As

Ba

Cd

Cr

Cu

Hg

Pb

Zn

2000

22

0.49

26.8

0.02

0.06

0.54

0.0005

0.005

0.20

(n=49)

2001

17

0.38

31.9

0.02

0.09

0.64

0.001

0.01

0.16

(n=34)

2002

20

0.51

14.2

0.03

0.07

0.47

0.0009

0.07

0.11

(n=31)

2004

Area wide

23

0.72

13

0.04

0.11

0.36

0.01

0.16

(n=42)

2004 NS

25

0.81

12

0.04

0.10

0.40

0.01

0.14

(n=7)

2005

Area wide

27

0.93

10.6

0.05

0.09

0.31

0.0007

0.01

0.32

(n=65)

2005 NS

25

0.88

115

0.04

0.09

0.30

0.0008

0.02

0.28

(n=9)

2006

Area wide

23

0.60

13

0.04

0.09

0.31

0.008

0.17

(n=26)

2006 NS

21

0.56

14

0.03

0.08

0.31

0.007

0.20

(n=12)

Average
Surface

35

1.2

13

0.01

0.16

0.10

0.0002

0.02

0.1

Seawater®

EPA
Marine

Chronic

36

8.8

50°

3.1

0.94¢

8.1

81

Water

Quality
Criteria®

Notes:

a Millero (1996);

b EPA (2009);
Source:

(Trefry et al. 2009; Neff 2010)
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Polycyclic Aromatic Hydrocarbons

PAH concentrations measured during the ANIMIDA project were within the range of values reported
from previous studies in the Beaufort Sea and other areas (Boehm 2001). The PAH distributions for most
of the surficial sediments sampled during the cCANIMIDA project show that the PAHSs are primarily of a
combined fossil fuel origin (i.e., petroleum and coal) with a biogenic component (perylene), and a smaller
fraction of pyrogenic or combustion-related constituents (e.g., 4-, 5-, and 6-ring PAHSs) (Brown et al.
2010).

ERL and ERM values have been developed for 13 individual PAH compounds and three classes of PAH
(low- and high-molecular-weight PAH, and Total PAH). A comparison of the Total PAH from all
ANIMIDA and cANIMIDA sediments from the study region in 1999 through 2006 to the ERL and ERM
criteria shows that none of the measured Total PAH concentrations exceed the ERL (Brown et al. 2010).
The mean Total PAH values from each study region were generally an order of magnitude lower than the
respective ERLs (Brown et al. 2010). Similarly, the individual PAH concentrations did not exceed the
ERLs for the individual 13 PAHs (Brown et al. 2010).

Based on sediment quality criteria, the concentrations of PAH found in the cANIMIDA study area
sediments are not likely to pose ecological risk to marine organisms (Brown et al. 2010).

Triterpanes

Triterpanes are biogenic organic molecules found in both petroleum and non-petroleum sediment extracts
and applied as biomarkers to identify the origins of hydrocarbon mixtures (Waples and Machihara 1990).
The structures of triterpane molecules generally include from 19 to 30 carbon atoms, with some
exceptions up to 45. Because triterpane molecules are relatively stable in the environment and easily
analyzed using widely available instrumentation, the size distribution of triterpane molecules in a sample
can be often provide useful information about the source of the sample (Simoneit et al. 1990).

Several surficial sediment samples analyzed from the CANIMIDA study area have triterpane distributions
indicative of a petroleum source (Neff 2010). At the site west of West Dock, the triterpane distributions
corroborate other organic data indicative of diesel fuel contamination in this area. However, the
triterpanedistribution data also indicate the presence of petroleum products “heavier” than diesel, as the
distillation process typically removes triterpanes from diesel-range fuels. The cCANIMIDA Task 2 final
report, “Hydrocarbon and Metal Characterization of Sediments in the cANIMIDA Study Area,” suggests
that petroleum contamination at the site west of West dock is comprised of a complex hydrocarbon
mixture including diesel and heavier hydrocarbons such as heavy fuel oil or crude oil (Brown et al. 2010).
Drilling mud/cutting residues from historical exploratory drilling in the area (i.e., Tern Island) could be
the source of this contamination , as the historical standard practices involved disposal of used drill muds
on the ice during winter drilling (Brown et al. 2010). At other sampled sites, triterpane distributions are
indicative of naturally occurring hydrocarbon inputs to the sediments (e.g. erosional inputs of regional
shales, coal, peat, etc.) (Brown et al. 2010).

Other Organic Contaminants

Surface samples were also analyzed for pesticides, polychlorinated biphenyls, semivolatile organic
compounds, and selected volatile organic compounds. Concentrations of these substances were within a
low range, and were usually below the limits of detection for the analysis (MMS 2008).

3.1.8 Environmental Contaminants and Ecological Processes

This section includes descriptions of ecological processes and ecosystem functions in the affected
environment and the environmental contaminants that potentially affect those processes and functions.

Brief descriptions of the ‘ecosystem goods and services’ provided by the U.S. Beaufort and Chukchi seas
ecosystem will provide context for subsequent evaluation of potential cumulative impacts on the
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ecosystem and impacts on the local communities that depend on healthy ecosystems for their social,
cultural and subsistence way of life.

3.18.1 U.S. Beaufort and Chukchi Seas Marine Ecosystem Goods and Services

“Ecosystem functions” refer to properties of the Alaska Arctic region habitat, biological and geochemical
systems and the processes facilitated by those systems. Ecosystem goods (such as subsistence foods) and
services (such as waste assimilation) represent the benefits that human populations derive, directly or
indirectly, from those ecosystem functions (Costanza et al. 1997). Ecosystem services consist of the
flows of materials, energy, and information from natural capital stocks (i.e. habitats, biological and
geochemical systems) that combine with human actions to produce value or welfare for humans
(Costanza et al. 1997). A large number of Beaufort and Chukchi seas ecosystem functions can be
identified, and many of the goods and services that depend on those ecosystem functions are discussed in
other sections of this document. Some examples of relevant ecosystem functions, goods, and services
from the region are summarized in Table 3.1-8.

Table 3.1-8 Examples of Arctic Ecosystem Functions, Goods, and Services.

Ecosystem goods and

: Ecosystem Functions Examples
services
Subsistence food Primary p_roductlon, nutrient cycling, Edlbl_E‘ animals and plants; fish
and trophic processes (subsistence food resources)
Waste treatment; water Recovery of mobile nutrients and or . ) e .
AP . Pollution control; detoxification
purification breakdown of contaminants
. . Regulation of temperature, Climate change mitigation;
Climate regulation N . - o
precipitation, albedo biogeochemical stability
Raw materials Provision of raw materials, fuel Oil and gas
. Provision of opportunities for Wildlife viewing; recreational
Recreation resources - I .
recreation boating; tourism
Provision of opportunities for non- Aesthetic, spiritual, educational, and
Cultural Resources - S
commercial uses scientific values

The values of ecosystem goods and services in the Beaufort and Chukchi seas are usually derived from
interplay among various ecosystem components— the physical environment, chemical environment, and
biological communities. Ecosystem goods and services are only rarely the product of a single species or
component. Therefore, the interactions of various ecosystem components must be considered as
important aspects of the affected environment.

3.1.8.2 Identification of Stressors of Potential Concern

A stressor can generally be defined as anything that negatively affects human health and/or ecological
processes. Stressors can be physical (e.g. temperature), chemical (i.e. contaminants), or biological (e.g.
bacterial contamination). In order to assess potential ecological effects, and related impacts to ecosystem
goods and services, stressors potentially resulting from oil and gas exploration activities in the Beaufort
and Chukchi seas must be identified. All three types of stressors may be directly or indirectly associated
with oil and gas exploration. However, this section will focus on chemical Stressors of Potential Concern
(SOPCs) (i.e., contaminants) resulting from oil and gas exploration activities in the Beaufort and Chukchi
seas. Particular consideration will be given to levels of anthropogenic chemicals in the environment that
may be accessible to organisms for assimilation and possible toxicity (i.e., bioavailable).
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Existing development in the project area provides multiple sources of contaminants that may be
bioavailable. Chronic discharges of contaminants occur during every breakup from fluids entrained in the
ice roads. Entrained contaminants from vehicle exhaust, grease, antifreeze, oil, and other related fluids
pass into the Beaufort Sea system. These discharges may involve organic contaminants with high
potential for bioaccumulation (Brown et al. 2010). Although drilling fluids and cuttings are usually
disposed of through onsite injection into a permitted disposal well, or transported offsite to a permitted
disposal location, some drilling fluids are discharged at the sea floor before well casings are in place.
Drill cuttings and fluids contain relatively high concentrations of contaminants that have high potential
for bioaccumulation, such as dibenzofuran and PAHSs (see Table 3.1-9). Historically, drill cuttings and
fluids have been discharged from oil and gas drilling in the project area, and residues from historical
discharges may be present in the affected environment (Brown et al. 2010).

Table 3.1-9 Water Quality Data for Drill Cuttings

Pollutant

Range of Concentrations
Before Washing

After Washing

Conventional Parameters

pH 5.70 -8.42 7.00-9.20
Specific gravity (kg/L) 1.26-2.07 0.98 -1.59
BOD-5 (mg/kg) (Biological Oxygen 325 4,130 3,890 — 8,950
Demand)

UOD-20 (mg/kg) (Universal Oxygen 2,640 — 10,500 12,800 — 26,600

Demand)

TOC (mg/kg) (Total Organic
Carbon)

58,300 —- 64,100

23,000 - 27,200

COD (mg/kg) (Chemical Oxygen
Demand)

190,000 - 291,000

90,600 - 272,000

Oil & Grease (mg/kg)

54,200 - 130,000

8,290 — 108,000

Metals (mg/kg) (average of dupl

icate samples on a dry weight basis)

Zinc 107 -2,710 114 - 3,200
Beryllium <1.0 <1.0
Aluminum 6,020 — 10,900 5,160 - 10,500
Barium 34-84.8 27.2-235
Iron 16,600 — 30,800 17,400 - 20,600
Cadmium 0.402-16.4 0.408 - 15.8
Chromium 9.48-11.7 10.7- 12
Copper 20.6 - 55.3 20.4-42.6
Nickel <6-12.1 6.2-15.9
Lead 21.4 - 298 47.6 - 264
Mercury 0.09333 - 0.4893 0.0920 - 0.944
Silver 0.447-0.574 0.222 - 0.568
Arsenic 7.07-10.3 7.0-106
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Range of Concentrations

Pollutant Before Washing After Washing
Selenium <3.0 <3.0
Antimony <0.06 - <0.35 <0.06 - <0.35
Thallium 0.235-0.57 0.134 - 0.866
Organics (ng/kg) (wet weight basis)
Acenaphthene 677 — 38,800
Naphthalene 3582 — 149,000 63,500
4-Nitrophenol 30,400
N-Nitrosodiphenylamine 2,870 - 56,500 3,150 — 24,300
Bis (2-ethylhexyl) Phthalate 17,300

Phenanthrene 59,900 - 145,000 25,800 - 65,700
Pyrene 18,900 7,860
Dibenzothiophene 37,300 15,000
Dibenzofuran 2,150 — 33,700 21,700

N-Dodecane 23,000 - 403,000 6,300 — 185-000
Diphenylamine 56,500 5,900 - 23,400
Alphaterpineol 6,310

Biphenyl 4,230 - 69,400 1,170 - 33,000

Source: (CENTEC 1984; EPA 1985; EPA 2006b).

While chemical concentration data are useful for determining the relative degrees of contamination
among sampling sites, they provide neither a measure of adverse biological effects nor an estimate of the
potential for ecological effects (Calow and Forbes 2003). One way to relate chemical concentrations to
the potential for adverse effects involves comparisons of measured values to established threshold values.
Previous studies in the U.S. Beaufort and Chukchi seas have employed the system described by Long and
Morgan (1990), and Long et al. (1995) for comparison of measured values to ERL and ERM
concentrations for contaminants in marine and estuarine sediments. Brown et al. (2010) used ERL
concentration values as the thresholds above which adverse effects are predicted to occur to sensitive life
stages and/or species. The ERM values for the chemicals were the concentrations equivalent to the 50
percentile point in the screened available data. They were used as the concentration above which effects
were frequently or always observed or predicted among most species. Because the ERL and ERM
concentrations account for the effects of individual chemical stressors on multiple species from different
trophic levels, this approach may provide a basis for predicting the likelihood of ecosystem-level impacts
that could result from inputs of chemical contaminants.

Many of the organic contaminants associated with past development in the project area (e.g., PAH) have
low solubility in water due to their nonpolar molecular structures. As a result of low aqueous solubility,
these compounds tend to associate with organic material or solid-phase particles (such as sediments) in
the environment. Similarly, the elemental forms of some potentially toxic metals, such as lead and
mercury, have low aqueous solubility. However, these metals may react with other naturally occurring
chemical species to form soluble compounds. For example, elemental mercury (Hg) is relatively insoluble
in water, while mercuric chloride (HgCl,) and dimethyl mercury (C,HsHg) are considerably more soluble.
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The aqueous solubility of a contaminant is an important parameter for determining its behavior in the
environment, and the potential pathways through which organisms could be exposed to the contaminant.

The differential solubility of a contaminant between organic and agueous phases can be expressed as the
octanol-water partition ratio. Contaminants with high octanol-water partition ratios are relatively
hydrophobic and tend to associate with organic molecules in the environment (e.g., sediments and lipids).
Contaminants with lower octanol-water partition ratios are relatively hydrophilic, and elevated
concentrations of these soluble contaminants may be found in the water. The behavior of a contaminant
in the environment, and the potential pathways for exposure of organisms, depend upon the aqueous
solubility of the contaminant as well as the physical, chemical, and biological characteristics of the
environment. For these reasons, chemical concentration data from different matrices (e.g., water,
sediments, and biota) must be considered in combination with an understanding of the processes that
connect ecosystem components in order to meaningfully predict the impacts of chemical contaminants on
ecosystem processes.

The relationships between chemical contaminants and ecosystem processes must be considered when
assessing the potential for ecological and societal consequences of pollution (Calow and Forbes 2003).

3.1.8.3 Exposure of Biological Communities

The fundamental theoretical basis for assessing the environmental impacts of contaminants is provided by
the dose—response model, in which the number of individual organisms in a test population responding to
different doses of a chemical is used as a measure of the chemical toxicity (Calow and Forbes 2003).
Results of dose-response experiments are often expressed in terms of a fixed percentile (e.g., the LDsp, or
the dose at which 50 percent of the test population suffers a lethal response). However, it is generally
recognized that the dose-response model is an oversimplification of real ecological conditions and fails to
take into account the ecosystem-level effects of contaminants (Calow and Forbes 2003). The dose-
response model traditionally used in environmental impact assessment only considers the effects of
stressors on individuals or populations and does not account for impacts that may occur at the ecosystem
level (Figure 3.1-11).

Ecology is rarely concerned only with individuals or populations. Communities (mixed species groups)
and ecosystems (communities in interaction with their abiotic surroundings) can persist, within limits,
despite losses of individuals or populations. What matters is persistence of ecosystem functions and
prevention of irreversible reductions that could lead to extinction (Calow and Forbes 2003). The
ecosystem of the U.S. Beaufort and Chukchi seas is dynamic, and there are complex relationships
between biological community structure, environmental chemistry, and the ecosystem functions
responsible for the provision of ecosystem goods and services. Extrapolating the results of toxicity tests
to likely ecosystem-level effects involves a number of uncertainties (Calow and Forbes 2003). However,
there are some general trends, which should increase confidence in relating the results from toxicity tests
to more complex ecological systems.

When ecosystems are not affected by strong external perturbations, certain well-defined developmental
trends can be observed. For example, in the absence of external disturbance, the biomass in a system
tends to increase, and net community production tends to decrease (Odum 1985). An increase in
respiration at the community-level should be the first early warning sign of stress because repairing
damage caused by stress requires diverting energy from growth and production to maintenance. Thus, the
respiration to biomass ratio (R/B) increases as damage induced by a stressor is repaired (Odum 1985).
Accordingly, stressed ecosystems tend to exhibit a decreased ratio of biomass to energy flow, or a low
efficiency of converting energy to biological structure. In practice, it is difficult to detect small increases
in respiration in large open systems. However, changes in the rates of physiochemical processes (e.g.
respiration and photosynthesis) can be measured at the community level, and this is the level at which we
should search for early warning signs of stress (Odum 1985). Changes in rates of production and
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respiration relative to biomass are more useful than lethal responses as indicators of early system-level
stress.

Stressed systems also exhibit changes in nutrient cycling, which are analogous to the changes in
energetics described in the previous paragraph. Rates of nutrient turnover increase in perturbed systems,
and the recycling of nutrients within systems becomes less efficient. In an unperturbed system, the
transfer of nutrients between trophic levels is relatively complete, and net nutrient loss from the system is
accordingly low (Odum 1985). However, in response to system-level stress the couplings between
trophic levels become less organized and nutrients are lost from the system as a result. Exported or
unused primary production tends to increase in response to system-level stress (Odum 1985). As a result,
food chains become shorter because of reduced energy and nutrients at higher trophic levels, and diversity
of apex species tends to decline.

Measurement of ecosystem-level responses to stress involves a number of uncertainties. However,
energy flows and nutrient cycles provide robust information about ecosystem functions, and must be
considered in order to assess the cumulative effects of environmental contaminants in the U.S. Beaufort
and Chukchi seas.

3.1.8.4  Oil Spill History

Several studies have reviewed the history of oil industry spills in the U.S. OCS and Canadian Beaufort
Sea (Hart Crowser 2000, Anderson and LaBelle 2000, State of Alaska 2007a, b, Nuka Research and
Planning Group 2010). The state of knowledge related to Beaufort Sea oil spills, including an extensive
literature review, is presented by SL Ross Environmental Research Ltd. et al. (2010). The responses to
five spills on the North Slope of Alaska, in particular the March 2006 pipeline release from an infield
pipeline onto snow-covered tundra, are described by Majors and McAdams (2008).

Because sufficient historical data on large (greater than or equal to 1,000 barrels) offshore oil spills do not
exist for the Alaska Arctic OCS regions, agencies rely upon estimates to represent expected frequency
and severity of oil spills in these regions (Holland-Bartels et al. 2011, Bercha International Inc. 20086,
2008 [in OCS Study MMS 2006-033 and OCS Study MMS 2008-035] and MMS 2007a). Oil spill
occurrence estimates have been generated for several expected future oil and gas development scenarios
(including exploration, production, and abandonment) in the Beaufort and Chukchi seas (Bercha
International Inc. 2006 and 2008 [in OCS Study MMS 2006-033 and OCS Study MMS 2008-035] and
MMS 2007a). The above referenced reports describe oil spill occurrence models based on fault-tree
analysis. Fault-tree analysis is a method for estimating spill rates resulting from the interactions of other
events. Fault trees are logical structures that describe the causal relationship between the basic system
components and events resulting in system failure. Fault-tree models are graphical techniques that provide
a systematic estimate of the combinations of possible occurrences in a system, which can result in an
undesirable outcome. Using fault trees, base data from the Gulf of Mexico were modified and augmented
to represent expected Arctic offshore oil spillage frequencies.

3.1.8.5  Existing Regulatory Control of Discharges

Regulatory control of ocean discharges associated with oil and gas exploration activities in the Alaska
Arctic Region OCS is largely under the purview of the EPA. A more detailed discussion of the existing
regulatory controls of ocean discharges, including national and regional contingency plans for response to
oil and hazardous substance discharges and releases, can be found in Section 2.3.3.
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3.2 Biological Environment

3.2.1 Lower Trophic Level Ecology

The following section describes the lower trophic level environments in the Beaufort and Chukchi seas,
trophic level interactions, and the influence of climate change on lower trophic level ecology.
Descriptions of the physical environment such as physical oceanography and water quality have been
discussed in Sections 3.1.1 and 3.1.7 respectively, so therefore are not repeated here. Lower trophic
levels have been described in several EISs for oil and gas lease sales in both the Beaufort and Chukchi
seas (MMS 1990, 1991, 2007c, 2008 and 2009a, Foster et al. 2010); these descriptions are incorporated in
this document by reference and are summarized below.

3.2.1.1  Lower Trophic Level Environments

Lower trophic levels can be categorized as: epontic (living on the underside of or in sea ice); pelagic
(living in the water column); and benthic (living on or in the sea bottom) (MMS 1991).

Epontic

Microalgae are found in sea ice as it forms in the fall, but the origin of the cells is not known (Horner and
Schrader 1982). One theory suggests the species may be present in low numbers in the water column and
may be incorporated into the ice as it forms (Horner and Schrader 1982, MMS 1991). The primary
producers in the epontic community are ice algae, which live within or attached to the undersurface of sea
ice. The ice algae form a concentrated food source for a variety of animals, including amphipods,
copepods, ciliates, worms, and fishes, especially in the early spring (Gradinger et al. 2009).

The primary production of epontic communities is largely tied to under-ice light levels, which decrease
with increasing ice thickness, snow cover, and sedimentation. Gradinger and Bloom (2005) found that
algal blooms were up to two orders of magnitude lower in ice that had high sedimentation loads. Light
appears to be the major factor controlling the distribution, development, and production of the ice algal
assemblage. These epontic algal communities provide the sole source of fixed carbon for higher trophic
levels in ice covered waters, when other sources are absent (NRC 2004). For example, Lee et al. (2010)
documented increases in primary productivity in benthic communities resulting from additions by epontic
organisms during winter months and as ice recedes.

Pelagic

Planktonic organisms occur in the water column and are subject to the movement of the water, as they are
unable to effectively swim against currents. Plankton is comprised of two basic groups, phytoplankton,
the primary producers or plant component of the plankton, and zooplankton, the animal component of the
plankton (MMS 1991).

The timing of sea ice breakup is critical for phytoplankton production as it provides a stable surface layer
with an abundance of light needed for photosynthesis. Spring algal blooms often occur near the sea-ice
edge due to wind-driven upwelling of nutrients. Phytoplankton abundance and distribution can be
determined with the use of satellite technology by measuring chlorophyll concentrations or ocean color,
i.e. “greenness” of the surface water (Wang et al. 2005). High chlorophyll concentrations have been
recorded in the southwestern Chukchi Sea and along the coast of the Beaufort Sea (Wang et al. 2005). In
fact, primary production rates in the southwest Chukchi Sea are among the highest ever recorded.
Generally, these values are much lower near the coast, yet there are areas of high productivity on the
continental slope of the Beaufort Sea, in the northern part of the Chukchi shelf between the 50- and
100 m- isobaths, in the southern part of the Chukchi southwest of Point Hope, and on the shelf northwest
of Point Barrow (Sukhanova et al. 2009). Favorable conditions on the western Beaufort Sea shelf off
Point Barrow in the late summer and fall concentrate euphausiids and copepods (Ashjian et al.,2010,
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Moore et al., 2010; Okkonen et al., 2011). These concentrations attract large numbers of bowhead
whales and other marine mammals (Okkonen et al. 2011, Clarke et al. 2011b, 2011c). Because of this
unique biological community, the area has been designated as a special habitat area (see Section 4.5.2.6).

Zooplankton life histories and community structures are intricately coupled to phytoplankton production
as prey resources. Therefore, areas with high primary phytoplankton productivity also possess high
zooplankton abundance and diversity (Hopcroft et al. 2010). In addition, the spatial distribution of
zooplankton communities is strongly tied to physical and chemical differences in water masses (lken et al.
2010). The zooplankton communities in the Beaufort and Chukchi seas are largely dominated by
copepods, mostly Calanus and Pseudocalanus, followed by larvaceans, and euphausids (Ashijan et al.
2003, Hopcroft et al. 2010). Zooplankton samples in the Beaufort Sea also have included coelenterates,
nematodes, annelids, mollusks, tunicates, decapod crustaceans, and barnacles (MMS 1991). Pteropods,
cnidarians, and ctenophores are also important constituents of these pelagic communities. This
community structure is similar to that in the Pacific and Bering Seas compared to the Arctic due to the
high transport rate of water masses northward along the Anadyr current.

Benthic

The shallow continental shelves of the Beaufort and Chukchi seas are among the largest in the world
(Grebmeier et al. 2006). Each possess varying substrates such as fine sands, muds, and silts (BOEMRE
2010a) and are closely tied to the distribution of benthic fauna. For example, in benthic communities,
mollusks, polychaete worms, and amphipods are patchily distributed in sandy, silty, or muddy sediments
(Conlan et al. 2008, Feder et al. 2007). Among the benthic biota, there are localized areas of abundant
and diverse marine life where boulders provide a hard substrate for algae and epibenthic macrofauna,
such as kelp, to attach (Dunton et al. 2006). The benthic communities in the Beaufort and Chukchi seas
can be categorized as: benthic microalgae (microscopic plants); macroscopic algae (large seaweeds); and
benthic invertebrates (organisms that live on the bottom of a water body).

Benthic Microalgae

Benthic-microalgal assemblages, consisting primarily of diatoms, have been studied in the nearshore area
off Barrow (Matheke and Horner 1974), off Narwhal Island (Horner and Schrader 1982), and in
Stefansson Sound (Horner and Schrader 1982, Dunton 1984). The relationship of the species found in
sediments with those found in the ice-algal assemblage is unclear, although some species occur in both
assemblages. Primary productivity of the benthic microflora in the Chuckchi Sea in the nearshore area
off Barrow, as reported by Matheke and Horner (1974), ranged from less than 0.5 mg C/m’hr in winter
(when the sampling area was covered with ice), to almost 57.0 mg C/m%hr in August. This peak-
productivity value was about eight times the peak value for ice-algal production and approximately twice
that of the phytoplankton. The productivity of these various assemblages peaked at different times: ice-
algal productivity peaked in May; phytoplankton productivity peaked in the first half of June; and
productivity of the benthic microalgae peaked during late July and August. Although Matheke and
Horner (1974) reported high productivities for benthic microalgae over the summer, Horner and Schrader
(1982) and Dunton (1984) estimate that benthic microalgae contribute approximately two percent of the
annual carbon produced in the Stefansson Sound Boulder Patch, with production in the absence of turbid
ice figured at about 0.4 g C/m%yr. Until recently, primary production was considered extremely low,
based on a sparse data set, but recent work by Cota et al. (1996), Wheeler et al. (1996), Gosselin et al
(1997), and Pomeroy (1997) (as cited in Aagaard et al 1999), indicate that annual primary production in
the mostly ice covered waters of the Arctic Ocean is about 15 to 30 gC/m2. Primary producers in the
Arctic include phytoplankton, ice algae, and benthic microalgae and macrophytes, which are generally
assumed to respectively contribute about 95 percent, 5 percent, and <1 percent to panarctic marine
productivity (Aagaard et al 1999). Although ice algae have historically been considered of minor
importance, studies indicate they may be more important tototal primary production in the Arctic Ocean
than previously estimated (Gosselin et al. 1997).

Effects of Oil and Gas Activities in the Arctic Ocean Supplemental Draft Environmental Impact Statement 3-55
Chapter 3 - Affected Environment



March 2013

Recent changes in benthic biomass in some Arctic seas, or parts thereof, probably reflect shifts in energy
flux patterns, regionally related to sea ice loss. Biomass changes over the past one to three decades
include an increase in epifaunal biomass in parts of the Bering and Chukchi seas (Bluhm and Grebmeier
2011).

Macroscopic Algae

Although most substrates in the Beaufort and Chukchi seas are unsuitable for settlement and growth of
large algae, some still persist. Hard substrates (such as cobbles and boulders) occur sporadically,
allowing for larger kelp communities. The occurrence of such substrates does not always coincide with
large algae since ice gouging can prevent its establishment or growth.

Kelp beds are known to fulfill many diverse habitat functions in other regions of the world’s coastal
oceans, such as providing three-dimensional space, protection, food, and nursery areas for juvenile life
stages (Iken 1999, Iken et al. 1997, Dean et al. 2000, Beck et al. 2003) and as such, often increase the
number of associated fauna (Taylor 1998). In the Boulder Patch, located in the central Alaskan Beaufort
Sea, for example, an important portion of carbon channeling through the food web is derived from
macroalgae and approximately 60 percent of the particulate organic matter found in the environment
(Dunton and Schell 1987, Dunton 1984).

Kelp beds have been found in the Beaufort Sea in Stefansson Sound, the Boulder Patch, and Camden
Bay. The Boulder Patch is an isolated macroalgal-dominated rocky bottom habitat within the usually
soft-sediment environment of the Beaufort Sea. A map of the Boulder Patch shows the location of this
habitat in Steffanson Sound between Point Brower and Cross and Narwhal islands (Coastal Marine
Institute 2011). The Boulder Patch has been studied extensively, and more than 140 species of
invertebrates have been identified including sponges, byrozoans, and hydrozoans with the dominant taxa
being red and brown algae (Dunton et al. 2007, MMS 2007c, 2003). The biodiversity and community
structure patterns vary among different locations within the Boulder Patch, mainly due to differences in
light levels and substrate type. Light limits the growth of kelp in the winter when nutrient levels are high,
and, in the summer, nutrients limit the growth when light levels are high (Dunton and Schell 1986). Kelp
also has been observed shoreward in an area behind a shoal near Konganevik Point in Camden Bay.

Although systematic surveys for macroscopic algae, especially kelp beds, have not been undertaken in the
northeastern Chukchi Sea, records from a variety of sources indicate the presence of at least two kelp beds
along the nearshore coast. One first described by Mohr et al. (1957) and confirmed by Phillips et al.
(1982) is located about 20 km (12.4 mi) northeast of Peard Bay, near Skull Cliff. Another was reported
by Phillips and Reiss (1985a) approximately 25 km (15.5 mi) southwest of Wainwright in water depths of
11 to 13 m (36 to 43 ft). Even without detailed surveys, it appears that kelp beds are not frequently
encountered in the Chukchi Sea. Mohr et al. (1957) remarked that kelp were found at only one of 18
stations sampled by the Arctic Research Lab's LCM William E. Ripley as it traveled from Point Barrow
to Wainwright; the one station where it found algae was near Skull Cliff. The predominant alga at this
station was the kelp, Phvllaria dermatodea. Two other known algae, Laminaria saccharina and
Desmarestia viridis, also were abundant; and seven species of red algae were sampled. Johnson et al.
(1993) reported observing very large quantities of green algae (probably Ulva and Enterornorpha) which
were being utilized as a feeding area by brant. Other macroscopic algae have been noted in Peard Bay, as
drift algae and when fouling anchors (Truett 1984). The areal extent and the inherent possibility of
variability in areal extent have not been determined.

Benthic Invertebrates

Benthic invertebrates in the Beaufort and Chukchi seas can generally be divided into two main categories:
epifauna and infauna, based on their relationship with the substrate. Infaunal organisms live within the
substrate and, as a result, are often sedentary. Epifaunal organisms, on the other hand, generally live on
or near the surface of the substrate (MMS 1990). Benthic communities offshore can be quite diverse.
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Organisms commonly found in surveys include echinoderms, sipunculids, mollusks, polychaetes,
copepods, and amphipods (Dunton, Schonberg, and McTigue, 2009; Rand and Logerwell, 2011).

Blanchard et al. (2010) reported that infauna in Burger and Klondike survey areas, associated with the
Chukchi Sea Lease Sale 193, are abundant, contain many animals with high biomass, and comprise
diverse communities. They found that average abundance, biomass, and number of infauna taxa were
significantly higher in Burger than in Klondike, but macrofaunal communities in both survey areas were
similarly diverse. Macrofaunal community structure was discovered to be correlated with environmental
characteristics such as percent sand, salinity, and phaeopigment concentrations, associated with
topography, water currents and other related factors within their survey areas. The Lease Sale 126 EIS
(MMS 1991) explains that the area around the Burger Prospect is inhabited by polychaete Maldane,
brittle star Ophiura, sipunclid (peanut worm) Golfingia, and bivalve Astarte. Ambrose et al. (2001) found
that brittle stars were overwhelmingly dominant in some parts of the northeastern Chukchi Sea.

Blanchard et al. (2010) also sampled a gray whale feeding area northwest of Wainwright and found the
site to be dominated by amphipods, whereas the faunal communities found in Burger and Klondike were
dominated by bivalves and polychaete worms.

As with the infauna, Blanchard et al. (2010) reported that the epifaunal communities of Burger and
Klondike comprise taxon groups with high abundance and biomass reflecting diverse communities.
Immobile fauna such as sponges, encrusting bryozoans, hydroids, soft corals, and tube worms thrive on
the rocky and macroalgal substrates (Dunton et al. 2007, Konar and Iken 2005).

In the Beaufort Sea, Dunton et al. (1982) describes the discovery of the “Boulder Patch,” an arctic kelp
community in an area of cobbles and boulders with attached kelp and invertebrate life. He reported that
sponges and cnidarians were the most conspicuous invertebrates there because of the large size of some
species, their abundance, and their striking shapes and colors. Two sponges Choanites lutkenii and
Phakettia cribrosa and pink coral (Gersemia rubiformis) are widespread. At least four sea anenomes
(order Actinaria) are present. Other conspicuous invertebrates include several species of Tubularia, a
stalked hydrozoan. Smaller less-conspicuous epilithic animals (such as hydroids and encrusting sponges)
form a turf-like covering on rocks. Molluscs, bryozoans, and members of the urochordate group are
common on rocks and attached to other biota. The chiton Amicula vestita constitutes the greatest
percentage of molluscan biomass, and juvenile mussels of the genus Musculus have the greatest density.
Erect and encrusting colonies of bryozoans are common on rocks and red algae. The inconspicuous sea
spider, Nymphon grossipes, is usually found among these dense mats of algae and attached invertebrates.

Aquatic Invasive Species

An “invasive species” is defined as “a species whose introduction does or is likely to cause economic or
environmental harm or harm to human health where it is introduced” (Executive Order 13112 of February
3, 1999: Invasive Species). Potential vectors for introducing aquatic invasive species are ballast-water
discharge, fouled ship hulls, and equipment placed overboard (e.g., anchors, seismic airguns, hydrophone
arrays).

The USCG developed regulations (33 CFR 151) that implement provisions of the National Invasive
Species Act of 1996. Vessels brought into the State of Alaska or Federal waters are subject to these
USCG regulations, which are intended to reduce the transfer of invasive species. The regulations require
operators to remove "fouling organisms from hull, piping, and tanks on a regular basis and dispose of any
removed substances in accordance with local, State, and Federal regulations” (33 CFR 151.2035(a)(6)).
The regulations, however, do not specifically call for the same removal procedures for ocean-bottom
cables or seismic equipment. There is a low potential for pelagic organisms and seaweed to become
entrained in equipment towed during a seismic survey (Kinloch et al. 2003). Typical organisms that are
returned with the seismic streamers are jellyfish tentacles and shark teeth. These items are removed from
the streamer by hand before it is rewound on the drum. A systematic cleaning and scraping of equipment
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at the completion of a survey, as the equipment is brought onboard the vessel, is another way to minimize
transfer of marine species and ensure that the equipment is stored properly prior to transit to a new
location.

Large and widespread communities of invertebrates were found during surveys carried out between the
Chukotka Peninsula and Point Lay in the Chukchi Sea (Sirenko and Gagaev 2007). These were warm-
water invaders of temperate Pacific origin, probably arriving by way of advection from southern waters.
These communities included large invertebrate species such as bivalve molluscs (Pododesmus
machrochisma) and crabs (Telmessus cheiragonus and Oregonia gracilis), species that were not
previously recorded at this latitude. This published account confirms the potential of temperate species to
become established in U.S. Arctic waters.

The potential for impacts by invasive species is considered within analyses of lower trophic levels for
each alternative and under cumulative effects analysis for water quality, environmental contaminants and
ecosystem functions, lower trophic levels, fish and essential fish habitat, and terrestrial mammals.

3.2.1.2  Trophic Level Interactions

In the Beaufort and Chukchi seas, the trophic levels not only interact, but are interdependent
(Figure 3.2-1). For example, it is postulated that incomplete grazing of ice algae may allow a significant
portion of the algal-cell population to remain intact, serving as a direct food source for the pelagic level,
and if not fully consumed, may enhance the benthic level by sinking as either detritus (dead) or living,
photosynthetically active, cells (Alexander and Chapman 1981, Niebauer et al. 1981, Stoker 1981).

Dynamics within the pelagic community are primarily influenced by transport of nutrients,
phytoplankton, and consumers from the Bering Sea, plus the seasonal retreat of ice and subsequent bloom
of open-water phytoplankton. Other primary producers such as kelp, benthic microalgae, or ice-algae may
be locally or temporally important sources of carbon (the ice algae providing a burst of production before
the open-water phytoplankton bloom). Zooplankton in the Chukchi Sea are thought to be similar to those
of the middle Bering Sea shelf in species composition and as small, inefficient grazers of phytoplankton.

Thus, much of the local production, as well as plankton and detritus transported into the Chukchi Sea,
may sink to the ocean floor and support benthic organisms. It has been suggested that the epibenthic
(living on the surface of bottom sediments) community is dependent on detritus (Stoker 1981). Both the
epifauna and infauna are important components in the diets of higher-order consumers.

In the spring, the melting and retreating ice edge of the Chukchi Sea leads to a highly productive and
estuary-like near shore corridor that serves as the base of the food chain for coastal and marine Arctic
species. The Chukchi Sea's shallow and highly productive sea floor also allows benthic species such as
crustaceans and mollusks to flourish and create an important food source for wildlife specialized to feed
at the ocean floor, such as walrus, seals, gray whales, and deep-diving sea birds (Audubon 2011).

The benthic faunal biomass is relatively high in the northeastern Chukchi, compared to the central and
western Chukchi and compared to the rest of the Arctic seas (Grebmeier and Dunton 2000). Grebmeier
and Dunton (2000) explain that the richness probably is due partly to the inability of Chukchi pelagic
fauna to consume all of the primary production, thereby allowing a lot of organic matter to sink to the
seafloor. They refer to the situation as weak or loose trophic “coupling,” and the Arctic Climate Impact
Assessment (ACIA) refers to such loose coupling as “mismatch” between trophic levels (ACIA 2005).

3.2.1.3 Influence of Climate Change on Lower Trophic Level Ecology

Global climate change is altering the physical environment in the Arctic as described in Section 3.1.4.4.
Such changes include warming air (Chapman and Walsh 2003) and sea temperatures, declining sea ice
extent and thickness (Levi 2000, Parkinson 2000, Rothrock et al. 1999), salinity changes (Arrigo 2009),
rising sea level, increasing precipitation and decreasing snow extent, loss of permafrost, and changes in
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terrestrial vegetation composition (IPCC 2007a). These changes in the physical environment will
precipitate changes on lower trophic level ecology as described here. Although Arctic sea ice itself can
be biologically productive, occasionally supporting large populations of diatoms and other primary
producers (Gosselin et al. 1997), areal rates of CO2-fixation in sea ice habitats tend to be much lower than
rates found in the adjacent ice-free ocean. Therefore, a loss of Arctic sea ice might be expected to
increase the area favorable for phytoplankton growth and enhance the productivity of the Arctic Ocean
(Arrigo 2009). In fact phytoplankton primary production in the Arctic Ocean has increased
approximately 20 percent from 1998-2009, mainly as a result of increasing open water extent and
duration of the open water season (Frey et al. 2011).

The Beaufort and Chukchi seas are characterized by short, open-water summer periods and long, ice-
covered winters. However, the extent of the Arctic sea ice has decreased by approximately three percent
over the last decade while the extent of the summer ice has decreased up to nine percent during this time
period (IPCC 2007a). The 2007 summer ice extent was 39 percent below long term averages from 1979
to 2000 and changes such as these will likely impact the epontic community, and subsequently, the
pelagic and benthic communities (MMS 2007c).

Information on generation times, life spans and doubling times are important in any assessment of effects
on primary producers or other planktonic organisms. The doubling time for phytoplankton is short, even
in the Arctic. Recent studies have shown that plankton growth rates in the Chukchi Sea range from 0.4d™
(equivalent to a doubling in 2.5 days) to 0.16d™ (equivalent to a doubling in 6.25 days) which results in
doubling times of a few days (Grebmeier et al. 2009). In contrast, many Arctic zooplankton reproduce
only once per year resulting in generation times of one year (Hopcroft et al. 2010). However, there are
studies showing faster growth rates in warmer water (Feder et al. 2005). Therefore, warming ocean
temperatures associated with climate change may increase zooplankton growth rates and generation times
in the Beaufort and Chukchi seas.

Atmospheric climate variation and its impact on circulation, heat, salt and nutrient content of shelf waters
and sea/shore fast ice formation are central issues in the Arctic seas. It is unlikely that ecosystem change
will be understood until more studies examine the Arctic Oscillation-ecosystem interactions (NRC
2004a). Understanding the proximate and ultimate controlling factors of various trophic level standing
stocks and production rates is essential for interpreting ecosystem change occurring presently in the
Arctic (Aagaard et al. 1999). The impacts of climate change to the ecosystem are commonly thought to
be from the bottom up through the nutrient-phytoplankton-zooplankton sequence, while human impacts
are top down (Carmack and Macdonald 2002). However, the presence of sea ice as habitat for top-level
predators such as polar bears means that climate change will directly affect higher trophic levels. An
added element of the ecosystem in Arctic seas is shore-fast ice and its attendant phenomena (turbulence
under ice, formation of freshwater pools due to blockage of river inflow).

3.2.2 Fish and Essential Fish Habitat

The following description of fish resources of the Beaufort and Chukchi seas largely adopts the “Fish
Resources” section from the Beaufort and Chukchi Sea Planning Area Lease Sale 209, 212, 217, and 221
DEIS (MMS 2008). This section is almost fully incorporated into this document with some
modifications, primarily to include the most recent information available since publication.

Over 400 fish species are known to inhabit Arctic seas and adjacent waters, which include marine,
migratory (mostly anadromous), and freshwater fish species that enter brackish water (diadromous
species). The Alaskan Chukchi and western Beaufort seas support at least 107 fish species, representing
25 families (Mecklenburg et al. 2002, Logerwell and Rand 2010, Love 2005, Harris 1993, Johnson et al.
2010) (see Table 3.2-1). Families and sub-families include lampreys, sleeper sharks, dogfish sharks,
herrings, smelts, whitefish, trout and salmon, lanternfish, cods, sticklebacks, greenlings, sculpins, sailfin
sculpins, fathead sculpins, poachers, lumpsuckers, snailfish, eelpouts, pricklebacks, gunnels, wolffish,
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sand lances, and righteye flounders. Forty-nine known species are common to the Beaufort and Chukchi
seas. A recent study by Logerwell and Rand (2010) identified five fish species formerly not known to
occur in Arctic waters. A similar situation has been reported for Canadian Arctic waters where the most
recent compilation of marine and anadromous fish resulted in updating the species known to occur in this
area (Coad and Reist 2004).

Freshwater species inhabiting the Arctic coastal plain have been better described than marine species
(Table 3.2-1). While freshwater habitats could be affected by naturally or chemically dispersed oil from a
spill moving up the freshwater channel, this section focuses more extensively on coastal and marine
fish/fishery resources and habitats because there is greater potential for Arctic exploration activities to
impact these resources

Few species currently covered by fishery-management plans occur in these waters; however, an Arctic
Fishery Management Plan was approved in August of 2009 by the North Pacific Fisheries Management
Council (NPFMC) to address Arctic fisheries issues. The NPFMC’s policy as articulated in that plan is to
“prohibit commercial harvest of all fish resources of the Arctic Management Area until sufficient
information is available to support the sustainable management of a commercial fishery” (NPFMC
2009). No timeline has been set for such a decision to be made.

The following information summarized from the Arctic Fishery Management Plant (NPFMC 2009)
describes the current commercial, subsistence, and recreational fisheries in the Arctic.

Commercial fisheres in the Arctic are limited to several small fisheries solely in state waters that are
managed by the State of Alaska. These include a small commercial fishery for chum salmon, although
other fish species are incidentally harvested, in the Kotzebue Sound region. Fished from coastal set nets,
salmon are sold locally; some are shipped to other markets outside the region. A commercial fishery for
whitefish occurs in the delta waters of the Colville River that flows into the central Beaufort Sea. This
fishery is for Arctic and least cisco, and a few other species are harvested incidentally. The market for
these fish is local, although some whitefish have been marketed in the Barrow and Fairbanks areas.
While no large-scale fisheries currently exist in the Beaufort Sea, both the U.S. and Canada anticipate that
sustained warming will enable and encourage the development of Beaufort Sea fisheries (Lewis-Koskinen
2010).

Subsistence fishing occurs throughout the coastal region by residents of villages in this region. Harvest
areas are described on Figures 3.3-26 and 3.3-27. Table 3.3-7 in Section 3.3.2.3 Subsistence Resources
provides an overview of Community Subsistence Harvest by Species Group (percent total harvest by
species, total harvest and pounds per capita).

Fishing activities occur near human settlements of Wainwright, Barrow, Nuigsut, and Kaktovik, and in all
nearshore areas during open water seasons and to a limited extent during winter. Near Wainwright,
residents use gill nets to fish near river mouths (except Kokolik), at ocean passes, in Kasegaluk Lagoon,
and at Sitkik Point. The season lasts from early July to late September. The nets are moved about 24 km
(15 mi) up the Kukpowruk River in September for grayling fishing. A variety of salmon, whitefish,
flounder, smelt, herring, and an occasional char are taken. Subsistence fisheries for pink and chum
salmon occur in the Colville and Itillik rivers and at Elson Lagoon near Barrow (Carothers 2010). In
general, fish species include Pacific salmon (chum and pink), whitefish, Arctic char, Arctic grayling,
burbot, lake trout, northern pike, capelin, rainbow smelt, Arctic cod, tomcod, and flounder.

There are few recreational fisheries in the area, including no catch and release fishery management
programs. Personal use fisheries may occur on a variety of species, occasionally in EEZ waters, but little
data are available and these probably occur on a very small scale. Personal use fisheries may more
accurately be described as subsistence fisheries, although there may be some level of “sport” fishing
activity near Kotzebue or Barrow. Most recreational catch in the Arctic likely would occur in state waters
and thus fall under the classification of sport, subsistence, or personal use fisheries, these fisheries are
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regulated by Alaska state law. No data are available to determine the trends in landings, including species
targeted, in recreational fisheries in the Arctic Management Area.

Table 3.2-1 Freshwater, Migratory, and Marine Fish Species of the Alaskan Arctic

Order/Family Species Name Common name Aszglnr?ljll;éel Source?

Petromyzontiformes

Petromyzontidae Lampetra tridentata Pacific lamprey Ml MMT
Lampetra camtschatica Acrctic lamprey Ml MMT

Squaliformes

Dalatiidae Somniosus pacificus Pacific sleeper shark MA MMT

Squalidae Squalus acanthias spiny dogfish MA MMT

Clupeoiformes

Clupeidae ‘ Clupea pallasii ‘ Pacific herring ‘ MA ‘ MMT

Cypriniformes

Catostomidae ‘ Catostomus catostomus ‘ longnose sucker ‘ FW ‘ MMT

Esociformes

Esocidae Esox lucius northern pike FW MMT

Umbridae Dallia pectoralis Alaska blackfish FW MMT

Osmeriformes

Osmeridae Mallotus villosus capelin MA MMT
Osmerus mordax rainbow smelt MA MMT

Salmoniformes

Salmonidae / Coregoninae Stenodus leucichthys inconnu Ml MMT
Coregonus sardinella least cisco Ml MMT
Coregonus autumnalis Acrctic cisco MI MMT
Coregonus laurettae Bering cisco Ml MMT
Coregonus nasus broad whitefish Ml MMT
Coregonus pidschian humpback whitefish Ml MMT
Thymallus arcticus Acrctic grayling FW MMT

Salmonidae / Salmoninae Salvelinus alpinus Acrctic char Ml MMT
Salvelinus malma Dolly Varden Ml MMT
Oncorhynchus gorbuscha pink salmon Ml MMT
Oncorhynchus kisutch coho salmon Ml MMT
Oncorhynchus tshawytscha Chinook salmon Ml MMT
Oncorhynchus keta chum salmon Ml MMT
Oncorhynchus nerka sockeye salmon Ml MMT

Myctophiformes

Myctophidae Benthosema glaciale glacier lanternfish MA MMT

Gadiformes

Gadidae Boreogadus saida Axrctic cod MA MMT
Arctogadus glacialis polar cod MA MMT
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Primary

Order/Family Species Name Common name Assemblage” Source?

Arctogadus borisovi toothed cod MA MMT
Eleginus gracilis saffron cod MA MMT
Theragra chalcogramma walleye pollock MA MMT
Gadus macrocephalus Pacific cod MA LR
Gadus ogac ogac MA MMT

Lotidae Lota lota burbot FwW MMT

Gasterosteiformes

Gasterosteidae Gasterosteus aculeatus threespine stickleback FW MMT
Pungitius pungitius ninespine stickleback FW MMT

Scorpaeniformes

Hexagrammidae Hexagrammos stelleri whitespotted greenling MA MMT

Cottidae Triglops pingelii ribbed sculpin MA MMT
Hemilepidotus papilio butterfly sculpin MA MMT
Hemilepidotus jordani yellow Irish lord MA MMT
Icelus spatula spatulate sculpin MA MMT
Icelus bicornis twohorn sculpin MA MMT
Gymnocanthus tricuspis Acrctic staghorn sculpin MA MMT
Cottus aleuticus coastrange sculpin MA MMT
Enophrys diceraus antlered sculpin MA MMT
Megalocottus platycephalus belligerent sculpin MA MMT
Myoxocephalus quadricornis | fourhorn sculpin MA MMT
Myoxocephalus scorpius shorthorn sculpin MA MMT
Myoxocephalus scorpioides Acrctic sculpin MA MMT
Myoxocephalus jaok plain sculpin MA MMT
Myoxocephalus verrucosus warty sculpin MA LR
Triglops nybelini bigeye sculpin MA LR
Microcottus sellaris brightbelly sculpin MA MMT
Artediellus gomojunovi spinyhook sculpin MA MMT
Artediellus scaber hamecon MA MMT
Artediellus pacificus hookhorn sculpin MA MMT
Artediellus ochotensis Okhotsk hookear sculpin MA MMT
Cottus cognatus slimy sculpin FW MMT

Hemitripteridae Blepsias bilobus crested sculpin MA MMT
Nautichthys pribilovius eyeshade sculpin MA MMT

Psychrolutidae Eurymen gyrinus smoothcheek sculpin MA MMT
Cottunculus sadko Sadko sculpin MA MMT

Agonidae Hypsagonus quadricornis fourhorn poacher MA MMT
Pallasina barbata tubenose poacher MA MMT
Occella dodecaedron Bering poacher MA MMT
Leptagonus decagonus Atlantic poacher MA MMT
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Primary

Order/Family Species Name Common name Assemblage” Source?
Podothecus veternus veteran poacher MA MMT
Ulcina olrikii Arctic alligatorfish MA MMT
2?;:38& t;;)/gci)lij(ies alligatorfish MA MMT
Cyclopteridae Eumicrotremus derjugini leatherfin lumpsucker MA MMT
Eumicrotremus andriashevi pimpled lumpsucker MA MMT
Liparidae Liparis gibbus variegated snailfish MA MMT
Liparis tunicatus kelp snailfish MA MMT
Liparis bristolensis Bristol snailfish MA MMT
Liparis fabricii gelatinous seasnail MA MMT
Liparis callyodon spotted snailfish MA MMT
Careproctus sp. cf. rastrinus | salmon snailfish MA LR
Liparis marmoratus festive snailfish MA LR
Perciformes
Zoarcidae Gymnelus hemifasciatus halfbarred pout MA MMT
Gymnelus viridis fish doctor MA MMT
Lycodes seminudus longear eelpout MA MMT
Lycodes mucosus saddled eelpout MA MMT
Lycodes turneri estuarine eelpout MA MMT
Lycodes polaris polar eelpout MA MMT
Lycodes raridens marbled eelpout MA MMT
Lycodes rossi threespot eelpout MA MMT
Lycodes sagittarius archer eelpout MA MMT
Lycodes palearis wattled eelpout MA MMT
Lycodes pallidus pale eelpout MA MMT
Lycodes squamiventer scalebelly eelpout MA MMT
Lycodes eudipleurostictus doubleline eelpout MA MMT
Lycodes concolor ebony eelpout MA MMT
Stichaeidae Eumesogrammus praecisus fourline snakeblenny MA MMT
Stichaeus punctatus Acrctic shanny MA MMT
Chirolophis snyderi bearded warbonnet MA MMT
Leptoclinus maculatus daubed shanny MA MMT
Anisarchus medius stout eelblenny MA MMT
Lumpenus fabricii slender eelblenny MA MMT
Pholidae Pholis fasciata banded gunnel MA MMT
Anarhichadidae Anarhichas orientalis Bering wolffish MA MMT
Ammodytidae Ammodytes hexapterus Pacific sand lance MA MMT
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Primary

Order/Family Species Name Common name Assemblage” Source?

Pleuronectiformes

Pleuronectidae Hippoglossus stenolepis Pacific halibut MA MMT
Hippoglossoides robustus Bering flounder MA MMT
Reinhardtius hippoglossoides | Greenland turbot MA MMT
Platichthys stellatus starry flounder MA MMT
Elljgl:irr(i)tnuetgis:ulatus Alaska plaice MA MMT
Pleuronectes glacialis Acrctic flounder MA MMT
Limanda proboscidea longhead dab MA MMT
Limanda aspera yellowfin sole MA MMT
Limanda sakhalinensis Sakhalin sole MA MMT

'FW = Freshwater; M1 = Migratory;

MA = Marine

MMT = Mecklenburg, Mecklenburg, and Thorsteinson 2002; LR = Logerwell and Rand 2010

3.2.21

MMS (2008) identified the following as some important surveys conducted in the Beaufort and Chukchi
seas in the last century.

In 1932 and 1933 Russians A.P. Andriyashev, K.I. Panin, and P.V. Ushakov conducted the first major
scientific collections of fish in the Chukchi Sea (Raymond 1987). Andriyashev (1955; a translation of a
report published in 1937) described basic information concerning fish collected by Russian expeditions of
the Bering and Chukchi seas.

Major Surveys of Coastal and Marine Fish Resources and Habitats

Frost and Lowry (1983) reported on thirty-five successful otter-trawl tows that were conducted in the
northeastern Chukchi and western Beaufort seas in August-September of 1976 and 1977. In 1976, two
tows were made in the western Beaufort Sea in water 40 m (131 ft) and 123 m (404 ft) deep. In 1977
(August 2 to September 3), 33 tows were made in the northeastern Chukchi and western Beaufort seas in
waters 40 to 400 m (131 to 1,312 ft) deep. Numerous tows were conducted near the southern edge of
pack ice. Frost and Lowry (1983) caught 133 fish belonging to 14 species in trawls made in 1976. In the
more extensive trawls conducted in 1977, 512 fish belonging to 17 species were captured, of which 65
percent were represented by just three species (Boreogadus saida, Lycodes Polaris and Icelus bicornis).

Fechhelm et al. (1984) reported results of an ichthyological survey conducted in 1983 that focused
primarily on Arctic fish usage of, and ecological dependence on, marine estuarine environments along the
northeastern Chukchi Sea coast from Peard Bay to Point Hope. Data were collected primarily during the
open-water summer season and, to a lesser extent, in winter. The most prominent species encountered
during the survey were Arctic cod, Arctic staghorn sculpin, fourhorn sculpin, capelin, shorthorn sculpin,
hamecon, Arctic flounder, and saffron cod. Fourhorn sculpin and Arctic flounder occurred in nearshore
waters (<1 km [<0.6 mi]), while the remaining sculpins were found exclusively in deeper, offshore (>1
km [<0.6 mi]) waters. Arctic and saffron cod were found to occupy both nearshore and offshore waters.

Barber et al. (1994) reported data obtained in the northeastern Chukchi Sea between Cape Lisburne in the
south to the ice edge in the north between 1989 and 1992. Collectively, these surveys and associated
studies reflected a sparse sampling of fish resources across the northeastern Chukchi Sea. Sampling effort
has been spatially and temporally irregular and disjunct. More recent survey efforts, such as those by
Logerwell and Rand (2010), Norcross et al. (2009) and by Shell Qil and ConocoPhillips (yet to be
released) have added, and will add, to this body of knowledge.

A 3-year study (1988, 1990, and 1991) of epipelagic fish inhabiting Beaufort Sea coastal waters in Alaska
documented spatial and temporal patterns in fish distribution and abundance and examined their
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relationships to thermohaline features during summer (Jarvela and Thorsteinson 1999). Significant
interannual, seasonal, and geographical differences in surface water temperatures and salinities were
observed. In 1990, sea ice was absent and marine conditions prevailed, whereas, in 1988 and 1991, heavy
pack ice was present and the dissolution of brackish water along the coast proceeded more slowly.
Acrctic cod, capelin, and snailfish were the most abundant marine fish captured, while Arctic cisco was the
only abundant diadromous species.

In summer 2004, a Russian-American Long-term Census of the Arctic expedition was conducted in the
Bering and Chukchi seas (Stein et al. 2005). The primary study area lay between Wrangel Island and
Herald Canyon in Russia Federation territorial waters to Cape Lisburne, Alaska, to Point Barrow, Alaska,
and south to the Bering Strait. Fish biologists on the expedition noted the following qualitative
conclusions: (1) the Chukchi benthic community is highly diverse and patchy; and (2) both fish
abundance and diversity seem lower in the Chukchi Sea than in the Bering Sea. The largest catches
occurred to the south and were usually at least one order of magnitude higher than those in the north.
Also, biologists noted several range extensions or rare species.

Logerwell and Rand (2010) conducted a recent study in Alaskan Arctic waters as part of a.joint effor