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Abstract

Hilcorp Alaska, LLC (HAK) proposes to produce oil from the Liberty Prospect (OCS Lease Y-1650,
OCS-Y-1586, and OCS-Y-1886) located in Foggy Island Bay in the Beaufort Sea, northeast of the
Prudhoe Bay Unit and east of the Duck Island Unit in Alaska. HAK submitted a Development and
Production Plan (DPP) to BOEM on September 18, 2015, and a revised DPP on March 15, 2017.

BOEM received 46,678 comments during scoping. All comments, including those gathered in local
Scoping Meetings, are available at www.regulations.gov.

HAK determined that the Liberty Prospect contains approximately 120 million barrels of recoverable

crude oil. HAK proposes to construct a gravel island approximately 5 miles north of the Kadleroshilik
River and 7.3 miles southeast of the existing Endicott Satellite Drilling Island (SDI) in approximately
19 feet of water. Sixteen wells would be drilled. Production facilities on Liberty Island would include
producing wells designed to produce up to 65,000 barrels of crude oil and 120 million standard cubic

feet of natural gas per day. The life of the proposed Liberty Prospect development is anticipated to be
approximately 15 to 20 years.

Oil produced from the island would be piped through a pipe-in-pipe (PIP) subsea pipeline consisting
of a 12-inch diameter inner pipe and a 16-inch diameter outer pipe. Subsea pipe would run 5.6 miles
then transition to an elevated 1.5-mile long onshore pipeline to a tie in with the existing onshore
Badami oil pipeline This infrastructure would transport sales-quality oil (hydrocarbons) to the Trans-
Alaska Pipeline System.

This Final Environmental Impact Statement (EIS) assesses the Proposed Action and alternatives:
Alternative 1 (Proposed Action: the Liberty Development and Production Plan), Alternative 2 (the no
action alternative) Alternative 3A (Relocate LDPI Approximately 1 Mile to the East), Alternative 3B
(Relocate LDPI Approximately 1.5 miles to the Southwest), Alternative 4A (Relocate Oil and Gas
Processing to Endicott SDI), Alternative 4B (Relocate Oil and Gas Processing to a New Onshore
Facility), Alternative SA (East Kadleroshilik River Mine Site #2), and Alternative 5B (East
Kadleroshilik River Mine Site #3).
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Acronyms and Abbreviations

ILEeeveneenneeereneeanneenaenenens micrograms

Be/em?® .o micrograms per cubic centimeter

L/ o micrograms per cubic meter

LE/E e micrograms per gram

V770 DR micrograms per liter

7531 RN micrometer

PPa. i, micropascal

AAAQS ..., Alaska Ambient Air Quality Standards
ACMP.....ccooiiiiiian, Alaska Coastal Management Program

ACP .o, Arctic Coastal Plain / Area Contingency Plan
ADEC ..., Alaska Department of Environmental Conservation
ADF&G.....cooeeieree, Alaska Department of Fish and Game
ADNR......coeiriere Alaska Department of Natural Resources
ADOLWD ....ccccoeviennne. Alaska Department of Labor and Workforce Development
AES ..o ASRC [Arctic Slope Regional Corporation] Energy Services, Alaska, Inc.
AEWC ... Alaska Eskimo Whaling Commission

AFMP ... Arctic Fishery Management Plan

AFN ... Alaska Federation of Natives
AGDC....cccveie, Alaska Gasline Development Corporation
AGL...ooiii above ground level

AHRS ..o Alaska Heritage Resources Survey

A/AN oo, American Indian and Alaskan Native populations
AKLNG.....coovverrennn Alaska Liquefied Natural Gas Pipeline Project
AKNHP ..., Alaska Natural Heritage Program

AKPDES .......cccvevvvenn Alaska Pollutant Discharge Elimination System
AMARP ..ot Arctic Monitoring and Assessment Programme
AMNWR ... Alaska Maritime National Wildlife Refuge
ANC ..o Alaska Nanuuq Commission

ANCSA ..o, Alaska Native Claims Settlement Act
ANILCA......oovii Alaska National Interest Land Conservation Act
ANIMIDA .......covvenen. Arctic Nearshore Impact Monitoring in the Development Area
ANS ..o Alaska North Slope

ANWR.....cooviiiieee, Arctic National Wildlife Refuge

AO i, Arctic Oscillation

AOCSR.....cooviiiie Alaska OCS Region

APDES ... Alaska Pollutant Discharge Elimination System
APl . American Petroleum Institute
APD.cooviiieeieeiee, Application for Permit to Drill

APPS Act to Prevent Pollution from Ships

AQRP ..ot Air Quality Regulatory Program
AQRV...coooieieie, air quality related values
AQCR....ccoveeieiere, air quality control regions
ARBO....cocoviiiiiiiine, Arctic Region biological opinion
ARCWEST.......ccveneene Arctic Whale Ecology Study

ARRT ..o Alaska Regional Response Team

ASA o aquatic site assessment
ASAMM.....cccoooie Aerial Surveys of Arctic Marine Mammals
ASAP..cciii Alaska Stand Alone Gas Pipeline

ASL . above sea level

ASRC ..o, Arctic Slope Regional Corporation

ASWG ..o, Alaska Shorebird Working Group

F:13 11 DO atmosphere (of Air Pressure)
AWC...ooiiiiiiien, Anadromous Waters Catalog of Alaska
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AW, Wainwright Airport

BPo, before present

BACT ..o, best available control technology

Bbbl ..o billion barrels of oil

bbliiiie, barrel = 42 U.S. gallons

bbls/d or BOPD ............ barrels of oil per day

BCi, black carbon

BCB..ooooieieeeee, Bering-Chukchi-Beaufort Seas Stock of Bowhead Whales

Bef o billion cubic feet

Befg o, billion cubic feet of gas

BE. .o, biological evaluation

BGEPA ..o Bald and Golden Eagle Protection Act

BIA .o, Biologically Important Areas

BLM ..o, Bureau of Land Management

BMPS ..o, best management practices

BO o, biological opinion

| 210 b 2 biological oxygen demand

BOEM ....ccccoviiiiiecn Bureau of Ocean Energy Management

BOEMRE ...........c......... Bureau of Ocean Energy Management, Regulation, and Enforcement

| 210 blowout preventer (system)

BOPD or bbls/d............ barrels of oil per day

BOWFEST ......cccoueeee. Bowhead Whale Feeding Ecology Study

BP oo British Petroleum

BPXA oo, British Petroleum Exploration (Alaska), Inc.

BS boundary segment(s) or Beaufort Sea

BSEE ..o Bureau of Safety and Environmental Enforcement

BSMP ..o Beaufort Sea Monitoring Program

BWASP ..o Bowhead Whale Aerial Survey Project

C/N i carbon/nitrogen ratio

CAA..oiieeeecc Conflict Avoidance Agreement

CAAA ... Clean Air Act Amendments (1990)

CAB ..o, chemical and benthos

CAH...oooovveevieieeee, Central Arctic (Caribou) Herd

cANIMIDA................... Continuation of the Arctic Nearshore Impact Monitoring in the Development Area
Project

CAVM....coovievee, Circumpolar Arctic vegetation map

CAVMT...cceiiiie, Circumpolar Arctic Vegetation Mapping Team

CBD...ooeviieieieeie Center for Biological Diversity

CBH....ooveveeeeeee, Cape Bathurst Caribou Herd

CBMP.....ccovveveeen. Circumpolar Biodiversity Monitoring Program (Arctic Council’s)

CBS ..o, Chukchi-Bering Seas stock of Polar Bears

CDC..ovieeeeee Centers for Disease Control

(0270 I Council on Environmental Quality

CER ..o, categorical exclusion review

CFCS.veieeeeeeeeee, chlorofluorocarbons

CFR ..o, Code of Federal Regulations

CHAOZ .....cccoovvviincn Chukchi Acoustic Oceanography and Zooplankton (program)

CHARS.....coeveeeee. Canadian High Arctic Research Station

Cloieeecee, confidence interval

CIAP...cooiiiiiiee, Coastal Impact Assistance Program

CIP..ooiiieeeeeeee, Capital Improvement Program

CITES...cooiiiiiee, Convention on International Trade in Endangered Species of Wild Fauna and Flora

COMIDA......cceeeee. Chukchi Sea offshore monitoring in drilling area

COMIDA-CAB. ............ Chukchi Sea offshore monitoring in drilling area, chemical and benthos

Court of Appeals........... U.S. Court of Appeals for the Ninth Circuit

CP verveenreereereere e sne s centipoise (measure of viscosity)
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CPAL....co i, Conoco-Phillips Alaska Incorporated [2x in 5]
CPF..coiiiiiiiciciee, Central Processing Facility
CTD.oooieeeeeeeeeeeeee conductivity, temperature, and depth
CTS.oeieeeeeeeeeeies compound threshold shift

CWA. Clean Water Act

() cubic yards

CZARA ..o Coastal Zone Act Reauthorization Amendments of 1990
(67 S coastal zone management

dB ., decibels

ABRMS e evveeeveeeeeiieieeeenn decibels, root mean square

DBO ...ooiiiieeciee, Distributed Biological Observatory
DEIS....cooiiiiiees Draft Environmental Impact Statement
DEW ..o, distant early warning (system)
DO dissolved oxygen
DOC/USDOC................ Department of Commerce
DOI/USDOIL................... Department of the Interior
DOT/USDOT ................ Department of Transportation
DPP...ooi Development and Production Plan
DPS..i distinct population segment

Draft SEIS .....ccccooeeee Draft Supplemental Environmental Impact Statement
DWH ...ccoovviiieie, Deepwater Horizon

EA. o, Environmental Assessment
ECS..ooiiiee Eastern Chukchi Sea
EEZ..cooiiiiiiiiiiice, Exclusive Economic Zone

EFH .o, essential fish habitat

EIA ..o environmental impact analysis

EIS. Environmental Impact Statement

EJ oo environmental justice

ENP oo Eastern Northern Pacific

EO i Executive Order
EOFL....oooiiiiiiics end of field life

EOR. ..o, enhanced oil recovery

EP oo, Exploration Plan

EPA ..o U.S. Environmental Protection Agency
EPS. i Eastern Pacific Stock

ERA ..ot environmental resource area

ESA o, Endangered Species Act
ESLciiiiiiiie Environmental Sensitivity Index
ESP..iiiiieieiee Environmental Studies Program

EVOS .o Exxon Valdez Oil Spill

EWC ..o, Eskimo Walrus Commission
FDA/USFDA.................. Food and Drug Administration
FEIS....coiiiiiieeees Final Environmental Impact Statement
FERC....coooviiiiiie Federal Energy Regulatory Commission
FHWG ... Fisheries Hydroacoustic Working Group
FM .o frequency modulated

FMP ..o Fishery Management Plan

FONSI ..o Finding of No Significant Impact
FOSC..ccoeiiiiiiiiee, Federal On-Scene Coordinator

FR oo Federal Register
FSB.oooiiiiiiinieieiee, Federal Subsistence Board

FSE oo, full-scale exercises with response equipment deployment.
FWPCA ..o, Federal Water Pollution Control Act
FWS/USFWS ... U.S. Fish and Wildlife Service

G&G .o, geological and geophysical

[o701 1 grams per cubic meter
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g/MIN...ooiieiieiieieeee, grams per minute

GBS ..o, gravity-based structure

GHG ..o, greenhouse gases

GHGRP......cooviree. Greenhouse Gas Reporting Program

GIUE ..o, government initiated unannounced exercises
GLS ., grouped land segments
GMT-L.ciiiiie, Greater Mooses Tooth-1 Project
GMT-2..oiiiiiie, Greater Mooses Tooth-2 Project
GOM....coiiiiiiiicienne Gulf of Mexico

GP oo General Permit

<30 Ts DU gallons per day

GPS.ooieeeee e, global positioning system
HaoS.ooo hydrogen sulfide

ha .o, hectares

HAB ..o, harmful algae blooms
HACCP....ccceeiie, Hazard Analysis and Critical Control Point Plan
HAK .o, Hilcorp Alaska, LLC

HAP oo, hazardous air pollutants

HCs oo, hydrocarbons

HCC...oooiie, high conservation concern

HDD ...ooovveveeeieeeee, horizontal directional drilling

HR oo, high resolution

HRZ ..o, Highly Radioactive Zone

HSWUA ..o Hanna Shoal Walrus Use Area

TAP oo, Integrated Activity Plan

IARPC ....cccvviie, Interagency Arctic Research Policy Committee
IBA e, important bird area

ICAS ..o, Inupiat Community of the Arctic Slope

THA .o, Incidental Harassment Authorization

IMO i, International Maritime Organization
IMT.ciieeee, incident management team
INC..oovveeeeeieeeee, incident of non-compliance
IPCC...ooiiviiiiiciee, Intergovernmental Panel on Climate Change
IPF (i impact-producing factor
ISC.iiii Ice Seal Committee

ISER oo, Institute for Social and Economic Research
ITA (e, Incidental Take Authorization

ITL .o information to lessees (clauses)

ITR oo, incidental take regulation

TUCN ..o International Union for Conservation of Nature
IWC ., International Whaling Commission

LA e launch area

LBCHU......cceevvveerenne Ledyard Bay Critical Habitat Unit

| 510 3] (S Liberty Development and Production Island
LGM oo, last glacial maximum
LIDAR....ccooeiiiiiieee, light detection and ranging

LNG ..o liquefied natural gas

LOA ..o letter of authorization
LOSC..cooiiiiiiee, Local On-Scene Coordinator

LOWC ..o, loss of well control

LPG .o, liquid petroleum gas

LS e, land segment

TS e meters per second

/S e, cubic meters per second
MAIS.coiiieeiiieeenne maximum allowable increases

MARPOL ..................... International Convention for the Prevention of Pollution from Ships
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Mbbl ...coiiiiiiiiiine, thousand barrels

MBR ..o, membrane bioreactor

MBTA ..o Migratory Bird Treaty Act
MC.iiiiieee mesoscale cyclones

Mcf e, thousand cubic feet

Mct/d .o thousand cubic feet per day

Mfg e thousand cubic feet of gas
M. millidarcy (measure of permeability)

1\ (€ 2 5 million gallons per day

MLLW ..ot mean lower low water

MMBDbbl......coiviiiiiiinne. million barrels

MMBO ... million barrels of oil

MMC ..ot Marine Mammal Commission
MMt million cubic feet

MMcfg..ooiiieeeeene million cubic feet of gas

MML ..o, Marine Mammal Laboratory (Alaska Fisheries Science Center)
MMPA.....cooiiee Marine Mammal Protection Act
MMS..oiieeee Minerals Management Service

MMscfd ....ooovveiveiennee. million standard cubic feet per day

1\ 0% 1 million metric tons

MOA....cci oot memorandum of agreement
MODU.....cooiviiienene mobile offshore drilling unit

1LY (0] R moderate oil residue

MOU.....coovvieiieieeene Memorandum of Understanding

MOVES ..o motor vehicle emissions simulator
MPL....ooiiiiieiee, Main Production Island

MSD i marine sanitation devices
MSFCMA.......cccocveenne Magnuson-Stevens Fishery Conservation and Management Act
MTR oo marine transit route

MWCS...coooiiriirininee marine well containment system

NAAQS ..o National Ambient Air Quality Standards
NABC.....ccoveeeeieene Northwest Arctic Borough Code
NAE...ooiiee National Academy of Engineering

NAO oot North Atlantic Oscillation

NASA ..o, National Aeronautics and Space Administration
NCP ..o National Contingency Plan

NEPA ..o National Environmental Policy Act

NFEF ..o National Forest Foundation

NFS. oo, National Forest System

NGL...oooteveieieeieenne, natural gas liquids

NGO ..o non-governmental organization

NHPA ..o National Historic Preservation Act

NRHP ..o National Register of Historic Places
NISA..coiee e National Invasive Species Act of 1996

NMFS .o National Marine Fisheries Service

NOAA ..o, National Oceanic and Atmospheric Administration
NOL..oiieieeee notice of intent

) (O nitrogen oxides

NPDES ..o National Pollutant Discharge Elimination System
NPFMC ..o North Pacific Fisheries Management Council
NPR-A ..ot National Petroleum Reserve-Alaska

NPREP ..o National Preparedness Response Exercise Program
NPS.ci National Park Service

NRC...ooiiiiiie National Research Council or National Response Center
NRDA ..ot natural resource damage assessment

NSB ..ot North Slope Borough
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NSBSAC......ccoevvenee. North Slope Borough Science Advisory Committee
NSIDC ..o National Snow and Ice Data Center

NSPS e, new source performance standards

NTACS. .o, nondiscretionary terms and conditions

NTL oo, notice to lessees

NWAB...ccooiiiiee, Northwest Arctic Borough

[ Z PP ozone

OCRM ....cocviiiine, ocean and coastal resource management

OCS ., Outer Continental Shelf

OCSLA ...coceiieieeienne Outer Continental Shelf Lands Act

ODCE .....ccooevviviiienne. Ocean Discharge Criteria Evaluation

OFC ..ot Ocean and Fisheries Canada

OGP ..o International Association of Oil and Gas Producers
OMB....coveieieeeeee, Office of Management and Budget
ONRR.....oovvriiie, Office of Natural Resource Revenue
OPA/OPA-90................ Oil Pollution Act of 1990

ORE...coooiieiiieieeee (BOEM) Office of Resource Evaluation

OSC e, on-scene coordinator

OSFR ..o, oil spill financial responsibility

OSHA ..o, Occupational Safety and Health Administration
OSPD..ccvveeeieeeeeee, Oil Spill Preparedness Division

OSR ..o, oil spill response

OSRA ...t Oil Spill Risk Analysis

OSRB...cceeveevieiecieen, oil spill response barge

OSRO ..ooiiiiiieeee Oil Spill Removal Organization

OSRP ..o, Oil Spill Response Plan

OSRV ..o, oil spill response vessel

OWM.. oot oil weathering model

PAC ..o Pacific Outer Continental Shelf (OCS) Region
PAGs....ccoiiiiiiiien poly aromatic compounds

PAH ..o, polycyclic aromatic hydrocarbons

PAME .....ccooeviininiene. Protection of the Arctic Marine Environment

PAR oo photosynthetically active radiation

PBR ..ot potential biological removal

PCB .o polychlorinated biphenyl

PCH....oovveeve e Porcupine Caribou Herd

PDO...ooiiiiie, Pacific Decadal Oscillation

PEA ..o Programmatic Environmental Assessment

PEIS. ..o Programmatic Environmental Impact Statement
PEL..ccooieieeeee, permissible exposure limit

PHMSA ..o Pipeline and Hazardous Materials Safety Administration
PINC....ooveveeee, National Office Potential Incident of Noncompliance
PIP oo, pipe-in-pipe

PL e, proposed pipeline

PM ., particulate matter

PMig.cieieiieieieeeeene. coarse particulate matter with an aerodynamic diameter of 10 micrometers or less
PMos.coiiiiieicicicicnne fine particulate matter with an aerodynamic diameter of 2.5 micrometers or less
PMC....cooveieieeeen, Polar Mesoscale Cyclone

PO4criecieeieee, phosphate ion

PPD o parts per billion

1035] 01 2 parts per billion by volume

1035) 11 PO parts per million

1035) 11128 parts per million by volume

010 PR parts per trillion

PSD..cooveieieeeeeeee, prevention of significant deterioration

oL pounds per square inch
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PSIZ e, pounds per square inch gauge pressure
PSO..ccooiiieee, protected species observer

PSU cetieiieeieeeieeeeee e practical salinity unit

PTS ., permanent threshold shift

RCRA ..ot Resource Conservation and Recovery Act
RD oo regional director

RE. .o Resource Evaluation

RFFA ... reasonably foreseeable future actions

RHA ..o, Rivers and Harbors Act

RMS e root mean squared

ROD ...ooiiiiiiceee, Record of Decision

| 10 ) R record of increase

ROMS.....coovvviieien, Regional Ocean Modeling System
ROW..oooiiiiieie, right-of-way

RP o responsible party or recommended practice
RPMS ..ot reasonably prudent measures
RS/FO...ccooiiii regional supervisor/field operations

SAR oo, search and rescue or Stock Assessment Reports
SBS..oeeeeeeeee s Southern Beaufort Sea Stock of Polar Bears
SCC e, social cost of carbon

SCR ..vivveieiieieeieiens selective catalytic reduction

) B R standard deviation

SDH...ocoiiiiiieeeeen social determinants of health

15 ) TR satellite drilling island
Secretary......cceeveeeeennee. Secretary of the Interior or Commerce
SEIS..ccoiiiiiiiiieice, Supplemental Environmental Impact Statement
SEL ...ooiiiiiiiiiieiice, sound exposure level

SEMS ..o, Safety and Environmental Management System
SEF ..o, summer fall feeding
SHPO.....coovvviiiiiinn State Historic Preservation Officer

) | DR significant impact level

N U S state implementation plan

SL et significance level (in air quality standards)
SLA et Submerged Lands Act

SLIE ...ooiiiiiiieieeeeees seaward landfast ice edge

SLS oo spring lead system

SOA ..o, State of Alaska

SOP....ooeieieieieeieeins suspension of production

SPCC ..o Spill Prevention Control and Countermeasure (Plan)
SSO...oviiiiee sub-surface oil

SSOR ...coviiiieieei, sub-surface oil residue

SED e stock-tank or standard barrel

STP i seawater treatment plant

SUA .o, subsistence use area
SVt Sverdrups

TAH..coooiiiee total aromatic hydrocarbons

TAPS oo Trans-Alaska Pipeline System

TAQH ..o total aqueous hydrocarbons

K trillion cubic feet

Tefg o, trillion cubic feet of gas
TCH.ooovieveeeeeeee, Teshekpuk Lake Caribou Herd

TEK oo, traditional ecological knowledge

TLV i, threshold limit values
TOC..iioiiiieie, total organic carbon

1 = (O Tuktoyaktuk Peninsula (Caribou) Herd
TSLA oo, Teshakpuk Lake Special Management Area
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TSP, total suspended particles

TSS e, total suspended solids

TTS e, temporary threshold shift

UAF .o, University of Alaska, Fairbanks

UC e, Unified Command

UIC ..o, underground injection control

UERD ..o, ultra extended-reach drilling

UERR ...ccooiiiiiieee, undiscovered economically recoverable resources
ULSD..coiiiiiiieeniene Ultra-Low Sulfur Diesel Fuel

UME ..o, unusual mortality event

UNFCC....ccoooviieiiienne United Nations Framework Convention on Climate Change
Unified Plan.................. Unified Plan for Preparedness to Oil Discharges and Hazardous Substance Release
USACE. ..., U.S. Army Corps of Engineers

USC .o United States Code

USCG oo, U.S. Coast Guard

USDOC/DOC............... U.S. Department of Commerce

USDOI/DOL.................. U.S. Department of the Interior

USDOT/DOT ............... U.S. Department of Transportation
USEPA/EPA................. U.S. Environmental Protection Agency
USFDA/FDA................. U.S. Food and Drug Administration

USFS e, U.S. Forest Service

USFWS/FWS ............... U.S. Fish and Wildlife Service

USGCRP......ccoveevvenen. U.S. Global Change Research Program

USGS ..o, U.S. Geological Survey

UTRR ...coviveeiiee undiscovered technically recoverable resources

UV e ultraviolet

VGP ..ot Vessel General Permit

VLOS...cooiiiiiiiee very large oil spill

VOC...coiieieeeeeen, volatile organic compounds

VSM ..o, vertical support member (supports above-ground oil and gas pipelines)
WAH ..o Western Arctic (Caribou) Herd

WCD...oooiiiieeeeeeee worst-case discharge

WHO ..o, World Health Organization

WNP e, Western Northern Pacific

WOUS ..., waters of the United States

WPS ., Western Pacific Stock

WQS e Alaska State Water Quality Standards
WRO....ooiiiiiie Water Resources Office (Alaska Dept. of Natural Resources)
XSS excess suspended sediment

Xviii Acronyms and Abbreviations
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EXECUTIVE SUMMARY

INTRODUCTION

The Bureau of Ocean Energy Management (BOEM) has prepared this Environmental Impact
Statement (EIS) to analyze the impacts of the Liberty Development and Production Plan (DPP)
submitted by Hilcorp, Alaska, LLC (HAK) on September 8, 2015 and amended on May 26, 2017.

PURPOSE AND NEED FOR THE PROPOSED ACTION

The purpose of the Proposed Action is to recover and process oil from the Liberty oil field and
transport sales-quality oil to market. The need for this action is established by BOEM’s responsibility
under the Outer Continental Shelf Lands Act (OCSLA) to make OCS lands available for expeditious
and orderly development, subject to environmental safeguards, in a manner which is consistent with
the maintenance of competition and other national needs. The OCSLA also specifies the submittal
and review processes for proposed DPPs, and establishes the circumstances under which proposed
DPPs are to be approved, modified, or disapproved.

REGULATORY AND ADMINISTRATIVE FRAMEWORK

A number of Federal agencies are using this EIS to meet their own regulatory (and in some cases,
National Environmental Policy Act [NEPA]) requirements concerning activities described within the
Liberty DPP that fall under their respective jurisdiction. BSEE, the U.S. Environmental Protection
Agency (EPA), the U.S. Army Corps of Engineers (USACE), and the National Marine Fisheries
Service (NMFS) are all adopting this EIS to satisfy NEPA requirements associated with their
proposed regulatory actions concerning various activities described in the DPP.

The U.S. Fish and Wildlife Service (FWS), the Pipeline and Hazardous Materials Safety
Administration (PHMSA), and the State of Alaska, Department of Natural Resources (ADNR) will
use the environmental analysis contained herein to inform their regulatory reviews of various
activities described in the DPP.

SCOPING

Scoping is the ongoing public process to identify issues, alternatives, and mitigation measures to be
considered for in-depth analysis in the EIS. As part of the scoping process, BOEM considered:

e Prior plans to develop the Liberty reservoir, along with alternative approaches identified in
previous NEPA reviews;

e Public responses provided during scoping meetings held in Anchorage, Fairbanks, Barrow,
Kaktovik, and Nuigsut during November 2015;

e Information provided to BOEM as part of tribal and Alaska Native Settlement Claims Act
(ANSCA) corporation consultations;

e Public comments submitted to www.regulations.gov during the scoping period; and
e Input from Cooperating Agencies.

BOEM held a series of meetings with the Cooperating Agencies from fall 2015 though spring 2016 to
develop, screen, and select alternatives for full analysis in the Draft EIS. BOEM held a workshop for
alternatives development in February 2016 with all Cooperating Agencies, and provided draft
alternatives for cooperating agency review in June 2016.

BOEM conducted a screening process to determine which of the suggested alternatives were
technically and economically feasible, met the Purpose and Need, and were “reasonable” alternatives
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to consider under NEPA. Based on this screening process, BOEM retained three Action Alternatives
(each comprised of multiple sub-Alternatives), in addition to the Proposed Action and No Action

alternative required by NEPA. Suggested alternatives which were screened out during this process are

described in Section 2.4, Alternatives Considered but Not Carried Forward for Further Analysis.

PROPOSED ACTION AND ALTERNATIVES
PREFERRED ALTERNATIVE

The preferred alternative is the Proposed Action (Alternative 1) because it best fulfills BOEM's

statutory mission and responsibilities, giving consideration to economic, environmental, technical and

other factors.

PROPOSED ACTION

The Proposed Action (Figure ES-1) entails construction of a self-contained offshore drilling and
production facility located on an artificial gravel island to be called the Liberty Development and
Production Island (LDPI), with a pipeline to shore that will tie in to the existing Badami Pipeline.

The proposed LDPI and surrounding infrastructure would have a design life of approximately 25

years. Other specifications include:

e The LDPI would be located approximately 5 miles north of the Kadleroshilik River and 7.3 miles

southeast of the existing Endicott SDI.

o The LDPI would be built in approximately 19 feet of water with the elevation of the top of the
LDPI +15 feet above Mean Lower Low Water (MLLW) level.

e  Work surface of approximately 9.3 acres.

e Seabed footprint of approximately 24 acres.

= T

3 o 1
AN Beau fori, S'e.d
N ~T2 N AN \
8 10 7o
6 N \
~ \
S
A Y
A ~
MRS \ .20
\ \ 54
= %
-~
Endicott ~ \
~
Island Y \\
N\ §?| \\

N s Nty N

NarwhalIsland

.]ea nette Isiand

McClureIslands

Stefansson Sound

Kariuk Istgnd,

Qv

~

Arvetic Ocean

Russia
Map Extent

Alaska Canada

Legend
[E] Proposed Liberty Island*
m  Tie-In Facility*
Boulder Patch
[:::‘ Existing Gravel Pad

_____ Proposed Liberty Pipeline*

PR == (Liberty to KAD)
/ -20 Existing Pipelines®
,/ mm Endicott Road*
' — — OCSLA Boundary
T, Depth (in fest)
* Not To Scale
A%
A0
-?6 GCS - MAD 83/ UTM Zane 6N
March 21,2018 AKR2018102
0 1 2 Kilometers
&, ¥
Tie-In Facility & % £ Sl T S s
§ f.b@,,o § &
& Fa
Alaska | BOE
Iy
v Bunowu or Ocuan Enaney Mansssaomr
Figure ES-1 Proposed Action Area

ES-2

Executive Summary




BOEM Liberty Development and Production Plan Final EIS

Associated onshore facilities and activities to support the Proposed Action would include ice road
construction, construction of gravel pads to support the pipeline tie-in location and Badami ice road
crossing, ice pad construction, construction of a hovercraft shelter and small boat dock, and
development of a gravel mine site west of the Kadleroshilik River.

ALTERNATIVE 2 (NO ACTION)

Alternative 2 is the “No Action” Alternative. Under this Alternative, the Proposed Action would not
be approved and the actions described in the Liberty DPP would not take place. No mineral resources
would be extracted from the three leases comprising the Liberty Unit and none of the impacts (both
positive and negative) described in Chapter 4 (Environmental Impacts) of the EIS would be realized.

Under the No Action Alternative, there would be no need for other Federal or State permits or
regulatory authorizations for activities described in the proposed DPP, e.g. National Pollution
Discharge Elimination System (NPDES) permits, 404 permits, incidental take authorizations, etc.

All current oil and gas activity on the Beaufort Sea OCS and State waters, including the operations at
Northstar, would continue as described in Chapter 5 (Cumulative Impacts) of the Final EIS.

ALTERNATIVE 3 (ALTERNATE LDPI LOCATIONS)

BOEM developed two sub-alternatives based on public and Cooperating Agency comments
suggesting that BOEM evaluate alternate LDPI locations that would minimize impacts to the Boulder
Patch. After obtaining and analyzing additional technical information concerning the feasibility of
various alternative LDPI locations, BOEM identified two reasonable alternative LDPI locations for
analysis in the EIS.

Alternative 3A (Figure ES-2) would relocate the LDPI to a site approximately one mile to the east,
which would result in the island being approximately this distance further away from the densest
areas of the Boulder Patch. This alternative would place approximately 0.25 miles of the pipeline into
an area with 100 percent possibility of overflood occurrence (overflooding is the fluvial process that
causes strudel scour; see Section 3.1.2.4.1 for more information) that would require pipeline design
changes to limit the risk of wear or upheaval buckling.

Alternative 3B (Figure ES-3) places the LDPI approximately 1.5 miles closer to shore (which would
be into State of Alaska [SOA] waters). This Alternative moves the LDPI approximately one mile
further away from the densest areas of the Boulder Patch. This alternative would increase the length
of all wellbores by about 3,300 feet to an average length of approximately 17,200 feet as compared to
an average wellbore length of approximately 13,900 feet for the Proposed Action.
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ALTERNATIVE 4 (RELOCATE OIL AND GAS PROCESSING OFF OF LDPI)

This Alternative also has two sub-alternatives. Alternative 4A (Figure ES-4) would move oil and gas
processing facilities from the LDPI to the existing Endicott SDI facility. Alternative 4B (Figure ES-5)
would move oil and gas processing facilities from the LDPI to a new onshore facility.

Both sub-alternatives match the Proposed Action in that the LDPI would be constructed and house
wells to access the reservoir, and a pipeline would still be necessary to transport fluid to shore. They
differ from the Proposed Action in that fluid transported via pipeline from the LDPI would be an
unprocessed solution of oil, gas, water, and other constituents (termed a 3-phase line) as opposed to
processed oil.

These alternatives were developed as a result of scoping comments suggesting that onshore
processing may minimize impacts to marine resources and subsistence harvest practices from on-
island equipment noise and vibration.
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ALTERNATIVE 5 (ALTERNATE GRAVEL SOURCES)

Three sub-alternatives for Alternative 5 were analyzed in the DEIS. Each considered a different
proposed gravel mine site location.

These sub-alternatives were developed in response to scoping comments suggesting BOEM analyze
an alternate location for the proposed West Kadleroshilik River Mine Site to minimize impacts to
migratory birds, wetlands, fish used for subsistence purposes, and other resources. BOEM identified
three feasible alternate locations based on a thorough review of existing technical and survey
information.

Alternative 5C, the Duck Island Mine site, has been dismissed from analysis in this FEIS because,
based on information provided by the State of Alaska, it is currently flooded and is unlikely to contain
enough usable material to make it a feasible alternative (Figure ES-6 and Figure ES-7).
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PROPOSED SOLID ICE CONDITION

In response to public comment, the FEIS considers the impacts of imposing the following mitigation
measure:

Reservoir drilling is authorized only during times of solid ice conditions. For the purposes of this
condition, "reservoir drilling" is defined to include initial development drilling (as opposed to
workovers, recompletions, and other such well operations subsequently conducted on existing wells)
beyond the shoe (base) of the last casing string above the Kekiktuk Formation (i.e. drilling that
exposes the Kekiktuk Formation to an open, uncased wellbore). 'Solid ice conditions' is defined as at
least 18 inches of ice in all areas within 500 feet of the LDPL.

ALTERNATIVES CONSIDERED BUT NOT CARRIED FORWARD FOR FURTHER
ANALYSIS

Several potential alternatives suggested during scoping are not considered for detailed analysis in the
EIS because they are not reasonable alternatives as defined under NEPA. These included:

Ultra Extended Reach Drilling (WERD) from shore to the Liberty Reservoir. This alternative is not
technically feasible because it would involve drilling a uERD well that would extend almost a mile
beyond the existing world record of 40,602 feet for the longest wellbore.

Horizontal Directional Drilling (HDD) the pipeline landfall. An HDD of this type would be a
project not based on or in accordance with typical HDD projects; shore approaches using HDD are
more complex than typical surface-to-surface HDD installations. This alternative would be the largest
HDD project ever attempted in Alaska and is not technically feasible.

Seabed Gravel Mine. An alternative suggested during public scoping was to use gravel mined from
the Federal OCS seabed to construct the LDPI during the open-water season. The technical and
economic feasibility of this alternative is speculative; it is unknown whether the Beaufort Sea OCS
(or other portions of the Alaska OCS) features a suitable gravel source. Additionally, the costs and
environmental impacts of dredging and barging this gravel to the LDPI site would far exceed those
from mining and trucking gravel from the proposed onshore mine located less than 10 miles away.
Further, prior analyses have indicated that this alternative would likely create unacceptable
environmental and social impacts.

AFFECTED ENVIRONMENT

The Affected Environment section (Chapter 3) of the Draft EIS describes the physical and biological
environment, socioeconomic and sociocultural systems, oil and gas, and related infrastructure of the
Alaska Beaufort Sea shelf and Foggy Island Bay that could be affected by the Proposed Action.

ENVIRONMENTAL CONSEQUENCES

Impacts to each resource category were rated as negligible, minor, moderate, or major using impact
scale definitions based on the context and intensity of impact. Separate ratings were produced for
routine activities, small spills (less than 1,000 barrels [bbl]), and a large spill (greater than or equal to
1,000 bbl).

Potential impacts to environmental resource categories from the Proposed Action are summarized in
Table ES-1. Potential impacts to environmental resource categories from the various Alternatives are
summarized in Table ES-2.
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Table ES-1 Potential Impacts of the Proposed Action by Resource

Resource Proposed Action Impacts
Oil and Gas BOEM'’s independent reservoir model and reservoir simulation studies using Hilcorp’s development plan indicate that the Liberty Field reservoir would recover from 41% to 48% of the 180 million
Geology barrels of oil (MMBO) originally in place. These studies indicate a peak production rate of approximately 60,000-70,000 barrels of oil per day (BOPD) within the first two years of production with

an estimated Proposed Action life of 22 years.

Water Quality

Overall impacts to water quality caused by water extraction, construction of ice roads and pads, gravel mining, onshore gravel pad construction, construction of the LDPI, and placement of the
subsea pipeline would be negligible to minor.

Routine activities under the Proposed Action would result in low to medium intensity impacts to Air Quality due to one of the modeled pollutants being estimated at >50% but <100% of the

Air Quality NAAQS. Impacts would be temporary and localized over the 25-year lifetime of the Proposed Action and overall impacts to Air Quality would be minor.

Climate The activities under the Proposed Action and its alternatives would produce GHG emissions, including carbon dioxide (CO.), methane (CH4), and nitrous oxide (N.O). These GHG emissions

Change would contribute to climate change.

Lower Trophic |Impacts to the Boulder Patch from construction activities are expected to be moderate, though mostly short-term and localized. Impacts from routine activities associated with the Proposed

Organisms Action on resources outside of the Boulder Patch would be minor.

Fish While the presence of the LDPI would be long-tem, impacts to fish from the Proposed Action would be short-term and localized, and thus minor.

Birds The_ level of ir_’npact of the Proposed Action would _be minor for most avian species. Some vulnerable (i.e., declining and limited) populations and listed spectacled eiders could experience long-
lasting and widespread, and therefore moderate, impacts.

mgmﬁals The level of effects from the Proposed Action on marine mammals would range from negligible to minor with impacts caused primarily by activities occurring during the open-water season.

Lzrr':;t;'g The level of effects to terrestrial mammals from the onshore components of the Proposed Action would be negligible.

Vegetation and |The amount of wetlands/WOUS lost due to the Proposed Action would be approximately 3 — 5 acres filled for onshore pads, and approximately 21 acres excavated for the gravel mine. The types

Wetlands of wetlands that would be lost are common in the area. The impacts of Proposed Action to wetlands and vegetation would be minor.

Economy The Proposed Action is expected to have a negligible positive impact on the State economy and a negligible to moderate positive impact on the NSB economy.

Subsistence-
Harvest
Patterns

Potential adverse effects to Cross Island subsistence whalers from routine activities are expected to be moderate to major for the duration of the Proposed Action. LDPI slope protection work at
the Proposed Action Area is expected to have minor impacts on seal hunting for Nuigsut and Kaktovik and negligible impacts on seal hunting for Utgiagvik. Other routine activities associated with
the Proposed Action are not expected to have adverse effects on seal hunting for any North Slope community. BOEM expects negligible impacts to subsistence caribou hunting for Nuigsut,
Kaktovik, and Utgiagvik from routine activities associated with the Proposed Action. For Nuigsut, Kaktovik, and Utgiagvik, BOEM anticipates negligible impacts to subsistence fishing from routine
activities associated with the Proposed Action. BOEM anticipates negligible impacts to Nuigsut's goose hunting season from routine activities and negligible impacts to subsistence waterfow!
hunting for harvesters from Utgiagvik.

Sociocultural

Negligible impacts to the sociocultural systems for Kaktovik and Utgiagvik are anticipated as a result of routine activities associated with the Proposed Action. Nuigsut: Major if subsistence

Systems whaling impacted.
gg?}'ﬁ}ﬁgg Factors influencing public health include potential impacts to subsistence bowhead harvests, impacts to air pollution, water quality, changes in revenue and economic growth. Overall, impacts on
Health Y community health as a result of the Proposed Action are anticipated to be negligible to moderate.

Environmental
Justice (EJ)

If the Proposed Action results in moderate to major impacts to Cross Island subsistence whaling, it could impact the social organization, cultural values, and local institutions of Nuigsut, which
would result in disproportionately high and adverse impacts to Nuigsut.

Archaeological
Resources

The overall impacts of the Proposed Action to archaeological resources would be negligible unless an historic property or other as yet undiscovered site were to be inadvertently damaged during
normal Proposed Action activities. Impacts to archaeological resources would then be major.

Executive Summary
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Table ES-2 Comparison of Impacts to Resources by Alternative
Resource Proposed Action No Action Alternative 3 Alternative 4 Alternative 5
. No resource  |3A/B- Increased technical 4A/4B-Similar to PA
_ARO,

Oil and Gas Geology 41-48% recovery recovery difficulty/increased risk compared to PA Same as PA
Water Quality Negligible to minor No impact 3A/B-Negligible to moderate 4A/B-Same as PA 5A/B-Same as PA
Air Quality Minor No impact 3A-Moderate; 3B-Moderate to major 4A/B-Same as PA 5A/B-Same as PA

GHG emissions. including carbon dioxide No additional GHG emissions, including carbon GHG emissions, including carbon GHG emissions, including carbon

. ’ g car ) dioxide (CO;), methane (CH4), and dioxide (CO;), methane (CH,4), and dioxide (CO.), methane (CH4),
Climate Change (COy), methane (CH4), and nitrous oxide GHG . ; . . . ; ) f
- . . nitrous oxide (N.O) would contribute to [nitrous oxide (N.O) would contribute to |and nitrous oxide (N,O) would
(N20) would contribute to climate change  |emissions . . . )
climate change climate change contribute to climate change

Lower Trophic Organisms Minor to Moderate (for Boulder Patch) No impact 3A/3B-Same as PA 4A/B-Same as PA 5A/B-Same as PA
Fish Minor No impact 3A/B- Same as PA 4A/B-Same as PA 5A/B-Same as PA
Birds Minor to Moderate No impact 3A/B- Same as PA 4A-same as PA/ 4B -Moderate 5A/B-Same as PA
Marine Mammals Negligible to Minor No impact 3A/B- Same as PA 4A/4B-Same as PA 5A/B-Same as PA
Terrestrial Mammals Negligible No impact 3A/B- Same as PA 4A-Same as PA; 4B-Moderate 5A/B-Same as PA
Vegetation and Wetlands Minor No impact 3A/B- Same as PA 4A-Same as PA; 4B-Moderate 5A/B-Same as PA
Economy Negligible to Moderate Negligible 3A/B- Same as PA 4A/B-Same as PA 5A/B-Same as PA

Cross Island subsistence whalers- moderate

to major; Minor impacts- seal hunting,

Nuigsut and Kaktovik; negligible impacts-

seal hunting, Utgiagvik; negligible impacts- ) P
Subsistence-Harvest Patterns |caribou hunting and fishing, Nuigsut, No impact 3A-Moderate to Major; 3B-Minor to 4A/B-Minor to moderate 5A/B-Same as PA

; D T moderate

Kaktovik, and Utgiagvik; minor impacts-

waterfowl hunting, Nuigsut, Kaktovik;

negligible impacts- waterfowl hunting for

Utgiagvik
Sociocultural Systems Negligible to Major No impact 3mA()/<jS;'r:tee as PA; 3B-Negligible to 4A/B-Negligible to Moderate 5A/B-Same as PA
Public and Community Health |Negligible to moderate No impact iﬁé\/lec:ggate to major; 3B-minor to 4A/B-Minor 5A/B-Negligible to moderate

Negllglble to Major _ _ 3A-Same as PA; 3B-Negligible to 4A/B-Negligible to Moderate , Not

. . If major effects to subsistence/sociocultural, . Moderate, Not expected to have . .

Environmental Justice (EJ) : . ) No impact . . . expected to have disproportionately 5A/B- Same as PA

then disproportionately high and adverse disproportionately high and adverse : .

h . . high and adverse impacts

impacts to the Nuigsut impacts

Negligible, unless an historic property or
Archaeological Resources undiscovered site inadvertently damaged-- [No impact 3A/B-Same as PA 4A/B-Same as PA 5A/B- Same as PA

then major
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VERY LARGE OIL SPILL SCENARIO AND EFFECTS

A Very Large Oil Spill (VLOS) is not estimated to occur during the life of the Proposed Action and
would be considered well outside the normal range of probability, despite the inherent hazards of oil
development related activities. The FEIS references a hypothetical VLOS volume of 4.6 MMbbl,
which is based on Hilcorp’s estimate of a worst case discharge (WCD) volume which was
independently verified by BOEM. The hypothetical VLOS discharge quantity is “conditioned” upon
the assumption that all of the necessary chain of events required to create the VLOS actually occur
(appropriate geology, operational failures, escaping confinement measures, the spill reaching the
environment, etc.). In the unlikely event that a VLOS were to occur in the Beaufort Sea, the potential
for significant effects on all resource categories would be high. Significant adverse impacts could
potentially occur to components (e.g., species) within all examined environmental resource
categories.

CUMULATIVE EFFECTS

Cumulative effects are assessed by determining the incremental impact of an action when added to
the impacts of past, present, and reasonably foreseeable future actions in the vicinity of the Proposed
Action. Actions considered in the cumulative effects analysis include other oil and gas activities,
community development, recreation and tourism, marine vessel traffic, aircraft traffic, subsistence
activities, research and survey activities, mining projects, and military activities. The analysis also
considers climate change and its ongoing role in the changing Arctic ecosystem.

The incremental contribution from the Proposed Action (including accidental small oil spills) to the
cumulative effects would likely be negligible to minor for all analyzed resources.

An accidental large oil spill, should one occur, would contribute additional cumulative effects. The
resources with the greatest potential to experience cumulative effects include marine mammals, birds,
coastal and estuarine habitats, subsistence harvesting patterns, and sociocultural systems.

CONSULTATION AND COORDINATION

BOEM consulted with several Federal regulatory agencies, federally recognized tribes, and ANCSA
corporations regarding the Liberty DPP. Below is a brief summary of how BOEM has satisfied, or
will satisfy, its consultation requirements with respect to the Liberty DPP (the Proposed Action):

Executive Order 13175 — Tribal Consultation. BOEM held consultations with potentially affected
tribal governments and ANCSA Corporations at multiple steps in the decision-making process. This
information was used to inform the alternatives development process, Liberty Baseline Human Health
Summary analyses, subsistence impact analyses, and cumulative impacts analyses.

Endangered Species Act — Section 7 Consultation. BOEM consulted with NMFS and FWS
concerning potential impacts to endangered and threatened species and their designated critical
habitat. NMFS and USFWS issued Biological Opinions in August 2018 and July 2018, respectively.
Both Biological Opinions included reasonable and prudent measures, and implementing terms and
conditions, to help reduce potential take of listed species. These measures, terms, and conditions
would be included as requirements or conditions of approval for the Proposed Action.

Magnuson-Stevens Fishery Conservation and Management Act — Essential Fish Habitat
Consultation. BOEM provided an Essential Fish Habitat (EFH) assessment to NMFS regarding the
potential effects on EFH for all five species of Pacific salmon, as well as Arctic cod and saffron cod.
NMEFS responded on December 15, 2017 with conservation recommendations. BOEM incorporated
analysis of these measures into the EIS. NMFS responded in an email dated January 25, 2018 that
EFH consultation had been satisfied.
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National Historic Preservation Act — Section 106 Consultation. On June 2, 2017, BOEM
transmitted a “no effects” determination to the Alaska State Historic Preservation Office (AK SHPO)
through a letter detailing the Liberty Development and Production Plan (Proposed Action) and all
Action Alternatives (Alternatives 3 through 5). On July 6, 2017, BOEM received a concurrence from
the AK SHPO of no historic properties affected by the Proposed Action or Action Alternatives.

APPENDICES

Appendix A. Accidental Oil Spills and Gas Releases: posted at
https://www.boem.gov/liberty

Appendix A discusses the technical information used to estimate numbers and volumes of oil spills
and natural gas releases assumed to occur over the life of the Proposed Action. The rationale for these
assumptions is a mixture of Proposed Action-specific information, modeling results, statistical
analysis, three decades of experience modelling hypothetical oil spills, and professional judgment.

Appendix B. Response to Comments

Appendix B presents summaries of public comments received on the Draft EIS, sorted by subject
category, along with BOEM’s responses.

Appendix C. Mitigation Measures

Appendix C discusses in greater detail the various design features and mitigation measures which are
expected to reduce potential impacts from the Proposed Action to the resources analyzed in this FEIS.
These mitigation measures include Lease Stipulations, typical mitigation measures incorporated into
Marine Mammal Protection Act take authorizations, and typical mitigation measures incorporated
into Biological Opinions issued pursuant to Section 7 of the Endangered Species Act. Appendix C
also contains proposed mitigation measures that were developed as a result of scoping comments or
through impacts analysis.

OTHER PERTINENT DOCUMENTS
(posted at https://www.boem.gov/liberty)

Air Quality Analysis Methodology

Data, assumptions, and emission factors used in analyzing air quality effects in this FEIS.
Liberty Baseline Human Health Summary

An overview of the current health status of the communities within the North Slope Borough (NSB).
This baseline health summary included Anaktuvuk Pass, Atqasuk, Kaktovik, Nuigsut, Point Hope,
Point Lay, Utqiagvik (formerly known as Barrow), and Wainwright. This baseline health summary
refers to these communities as potentially affected communities in accordance with the Health Impact
Assessment Toolkit (ADHSS, 2015). The summary focused on Nuiqsut because it is the closest
potentially affected community to the Proposed Action.

Wetlands Delineation Report

The Wetlands and Waters of the United States (WOUS) Delineation Report supports HAK’s Liberty
Development Program, east of Deadhorse, Alaska. The report discusses the location and extent of
wetlands and other WOUS in the Proposed Action Area which are potentially subject to the
jurisdiction of the USACE under Section 10 of the Rivers and Harbors Act and Section 404 of the
Clean Water Act.
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Lease Stipulations

Lease stipulations that apply to each of the Liberty Unit constituent lease sales. Narrative translations
of obsolete terminology and the current authorizing regulations is provided as necessary within this
FEIS and appendices.

Marine Mammal Emergency Response Standards

Archaeology Resources

Background information about the history of people in Alaska.
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CHAPTER 1. PROPOSED ACTION

The Liberty prospect has been subject to several proposed project designs and National
Environmental Policy Act (NEPA) reviews since its discovery over 30 years ago. A brief history of
the project is described below to provide context for this current DPP EIS.

1.1 Background

This chapter describes the Proposed Action, the Purpose and Need for the Proposed Action, and the
Federal regulatory and administrative context for preparing this Alaska Outer Continental Shelf
(OCS) Beaufort Sea Liberty Development and Production Plan (DPP) Environmental Impact
Statement (EIS).

The Liberty Unit, for which Hilcorp Alaska, LLC (HAK) is the designated operator, was formed in
2003 to include OCS-Y-1650 and OCS-Y-1585. In 2016, the Bureau of Safety and Environmental
Enforcement (BSEE) approved the expansion of the unit to include OCS-Y-1886; this is a small sliver
(2.7 acres of OCS acreage) which arose following the mapping conversion from North American
Datum—NAD— 1927 to NAD 1983. These leases were obtained under Lease Sales 124 in 1991, 144
in 1996, and 202 in 2007.

Exploration wells are shown along with lease boundaries and offset wells in Figure 1-1.
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Figure 1-1 Existing Liberty Exploration Wells

The Liberty Reservoir was first discovered by Shell Oil Company. Shell drilled three wells between
1982 and 1987 to evaluate the potential of the Kekiktuk Formation in Foggy Island Bay. Tern Island
wells 1A, 2A and 3 were drilled from Tern Island, with two of the wells penetrating older areas of the
Kekiktuk Formation that holds the Liberty Reservoir. Later, in September 1996, BP Exploration
Alaska (BPXA) acquired Tract OCS-Y-1650 in OCS Lease Sale 144, and initiated exploration
permitting activity for the Liberty No. 1 Exploration Well. The surface location for this well was a
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gravel and ice structure situated on top of the abandoned Tern Island on Lease OCS-Y-1585 (Lease
Sale 124), with the bottom-hole location (bottom of the drilled well) in Lease OCS-Y-1650.

BPXA began drilling the Liberty No. 1 well in February 1997, followed by well testing in March
1997 and demobilization in April 1997. Based on interpretations of geologic data, seismic data, and
well tests, BPXA confirmed the discovery of an estimated 120 million barrels (MMbbl) of
recoverable reserves from the Liberty prospect on May 1, 1997. Tern Island is currently abandoned
and eroding. Since then, plans to develop the field have progressed through three stages, as described
below.

1.1.1 1998 BPXA DPP

BPXA initiated conceptual engineering in 1996. This effort was based on assumed exploratory
success and focused on identification and screening of project development alternatives. Factors
considered in the evaluation of different approaches included reservoir development and recovery,
environmental impacts, costs, technical complexity, and logistical practicalities. On February 17,
1998, BPXA submitted a DPP to the Minerals Management Service (MMS). This project included a
man-made gravel island, on-island processing facilities, and a buried, single-wall subsea pipeline to
shore and tie-in to the Badami pipeline. MMS initiated a regulatory review process and commenced
preparation of an EIS. However, prior to a final MMS decision on the DPP, BPXA requested that the
project be placed on hold. BPXA requested a Suspension of Production (SOP) on July 10, 2001,
which MMS granted on July 19, 2001. MMS issued a final EIS (FEIS) concerning this DPP in May
of 2002, but did not issue a Record of Decision.

1.1.2 2007 BPXA DPP

From 2002 to 2005, BPXA evaluated alternative ways to develop the oil accumulation at the Liberty
site.

In August 2005, BPXA announced that it would pursue use of ultra extended-reach drilling (UERD)
from an onshore location to the existing satellite drilling island (SDI) on the Endicott causeway. The
proposed land-based project was intended to eliminate the gravel island and subsea pipeline
components of the prior DPP, for the stated purpose of mitigating impacts related to the Boulder
Patch, marine mammals, and concerns related to subsistence whaling. It also made issues related to
construction impacts and risk of an offshore pipeline design immaterial. This project was described in
the April 2007 Liberty DPP. BOEM prepared an Environmental Assessment (EA) of the impacts of
this DPP and issued a Finding of No Significant Impact (FONSI) in November 2007.

Following approval of this plan, BPXA expanded the Endicott SDI and constructed and positioned a
drilling rig to drill the proposed wells. However, BPXA cancelled the uERD project in 2012 due to
technical difficulties. BPXA requested another SOP in December 2012. BSEE granted the SOP under
the condition that BPXA submit an actionable DPP to BOEM by December 31, 2014.

1.1.3 2015 HAK DPP

In 2012, BPXA began re-evaluating ways to develop the reservoir with an island over the reservoir
and conventional drilling technology.

In April 2014, BPXA announced the sale of several North Slope assets to HAK including Northstar,
Endicott, Milne Point, and Liberty. In the case of Liberty, 50 percent ownership and full operatorship
of the field was to be transferred from BPXA to HAK upon closing the sale in late 2014.

HAK incorporated many of the concepts of the plan outlined in the 1998 BPXA DPP into its
December 30, 2014, DPP.

1-2 Proposed Action
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Hilcorp submitted the Liberty DPP to the Bureau of Ocean Energy Management (BOEM) on
December 30, 2014. BOEM made several requests for additional information on the DPP throughout
2015. HAK responded to these requests with an amended DPP on September 8, 2015. BOEM deemed
the DPP submitted (i.e., complete) on September 18, 2015.

1.2 Proposed Action

The Proposed Action is to approve the Liberty DPP and thereby authorize Hilcorp to proceed with the
oil development and production activities described therein. Subsequent portions of this EIS use the
term “Proposed Action” to directly refer to the development and production activities described in
Hilcorp’s DPP.

For a complete description of the Proposed Action, see Chapter 2 of this FEIS.

1.2.1 Land Status

The land adjacent to the U.S. Beaufort Sea is within the North Slope Borough (NSB), a political
subdivision of the State of Alaska. Land-ownership in the NSB is complex. The Federal Government
is the predominant land owner of onshore lands, with more than half of the Borough’s land area
encompassed by the National Petroleum Reserve in Alaska (NPR-A) and the Arctic National Wildlife
Refuge (ANWR). Other major landholders include the State of Alaska, Arctic Slope Regional
Corporation (ASRC), Kaktovik Ifiupiat Corporation, and Kuukpik Corporation.

1.3 Purpose and Need for the Proposed Action

The purpose of the Proposed Action is to recover and process oil from the Liberty oil field and
transport sales-quality oil to market. The need for this action is established by the Department of the
Interior’s (DOI’s) responsibility under the Outer Continental Shelf Lands Act (OCSLA) to make OCS
lands available for expeditious and orderly development, subject to environmental safeguards, in a
manner which is consistent with the maintenance of competition and other national needs. The
OCSLA also specifies the submittal and review processes for proposed DPPs, and establishes the
circumstances under which proposed DPPs are to be approved, modified, or disapproved.
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Figure 1;2 | Proposed Liberty Island Development and Production Area
Figure shows the locations of the proposed production island, pipeline, and ice road route
from Hilcorp’s Satellite Drilling Island.

The DOI has delegated its OCSLA authority to several bureaus, including BOEM. BOEM is
responsible for managing the mineral and energy resources located on the Nation's OCS in an
environmentally sound and safe manner. To these ends, BOEM has promulgated regulations
implementing certain provisions of OCSLA.

BOEM regulations pertaining to review of proposed DPPs are codified at 30 Code of Federal
Regulations (CFR) Part 550, where BOEM establishes requirements for the submittal of the DPP, the
DPP review process, and performance standards that the DPP must meet in order to be approved.

1.4 Regulatory and Administrative Framework

A number of other Federal agencies also have regulatory authority over aspects of the Proposed
Action and are using this EIS to inform their respective regulatory reviews. The BSEE, the
Environmental Protection Agency (EPA), the U.S. Army Corps of Engineers (USACE), and the
National Marine Fisheries Service (NMFS) intend to adopt the Final EIS in order to satisfy the NEPA
requirements associated with their pending regulatory decisions. The U.S. Fish and Wildlife Service
(USFWS) and the Pipeline and Hazardous Materials Safety Administration (PHMSA) are using the
environmental analysis contained herein to inform their various permitting and regulatory actions
connected to the Proposed Action. This EIS contains more detailed regulatory and permitting
information about the agencies that intend to adopt the Final EIS.

The State of Alaska Department of Natural Resources (ADNR) also has regulatory authority over
aspects of the Proposed Action and intends to use the EIS to help inform its regulatory review.
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Relevant regulatory and administrative authorities, requirements, and obligations for each Federal and
State agency, as well as the individual permitting requirements connected to the Proposed Action, are
described below.

Although several of the regulatory authorities described below apply to multiple federal agencies,
they are described only once.

1.4.1 BOEM Regulatory Authorities
14.1.1 Outer Continental Shelf Lands Act

Federal laws establish the OCS leasing program and the plan-specific review processes. Under
OCSLA, the DOl is required to manage the orderly leasing, exploration, development, production,
and decommissioning of oil and gas resources on the Federal OCS while simultaneously ensuring
protection of the human, marine, and coastal environments and assuring receipt of fair market value
for the lands leased and the rights conveyed by the Federal government. OCSLA also requires
coordination with states and local governments affected by OCS development activities.

OCSLA creates a four-stage process for planning, leasing, exploration, and production of oil and gas
resources in Federal waters (Figure 1-3). OCSLA’s four-stage oil and gas review process gives the
Secretary a “continuing opportunity for making informed adjustments” in developing OCS energy
resources to ensure all activities are conducted in an environmentally sound manner (Sierra Club v.
Morton, 510 F.2d 813, 828 [5" Cir. 1975]). In the first stage, the Secretary (through BOEM) prepares
a five-year leasing program to identify the size, timing, and location of proposed lease sales. In the
second stage, BOEM conducts individual lease sales, which entail prelease processes, sealed-bid
auctions, bid opening and evaluation for fair market value, and lease issuance. The third stage
involves exploration of the leased blocks. Prior to any exploratory drilling, a lessee must submit an
Exploration Plan (EP) to BOEM for review and approval. The fourth stage, development and
production, is reached if a lessee finds a commercially viable oil and/or gas discovery. For this stage,
HAK has submitted a detailed DPP to BOEM. Statutory requirements for the submittal and review of
proposed DPPs are provided in Section 25 of OCSLA (43 U.S. Code [USC] 1351). BOEM's
implementing regulations pertaining to review of proposed DPPs are codified at 30 CFR Part 550.
There, BOEM establishes the requirements for submitting DPPs, the process by which BOEM
reviews DPPs, and performance standards that the DPP must meet in order to be approved. These
performance standards, codified at 30 CFR 550.202, require that the operator's DPP demonstrate that
it has planned and is prepared to conduct its proposed activities in a manner that:

e Conforms to OCSLA as amended, applicable implementing regulations, lease provisions and
stipulations, and other Federal laws;

e Issafe;
e Conforms to sound conservation practices and protects the rights of the lessor;

e Does not unreasonably interfere with other users of the OCS, including those involved in
National security or defense; and

e Does not cause undue or serious harm or damage to the human, marine, or coastal
environment.

Pursuant to 43 USC 1351 and 30 CFR 550.270-.271, BOEM would approve the DPP if it complies
with all applicable requirements. Conversely, BOEM would require modification of the DPP if it fails
to make adequate provisions for safety, environmental protection, or conservation of natural resources
or otherwise does not comply with the lease, OCSLA, the regulations prescribed under OCSLA, or
other Federal laws. BOEM would disapprove the DPP if the operator failed to demonstrate that it can
comply with applicable requirements, or if any of several other specified circumstances apply.
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Figure 1-3 Four Stages of the OCSLA QOil and Gas Process
1.4.1.2 Lease Stipulations

HAK must abide by the requirements of lease stipulations associated with the three Federal leases
which make up the Liberty Unit. These leases were issued under three separate lease sales: Beaufort
Sea Planning Area Lease Sale 124 (Lease OCS-Y-1585) (USDOI, MMS, 1990), Beaufort Sea
Planning Area Lease Sale 144 (Lease OCS-Y-1650) (USDOI, MMS, 1996) and Beaufort Sea
Planning Area Lease Sale 202 (Lease OCS-Y-1886) (USDOI, MMS, 2003; 2006). In general, the
stipulations for the three lease sales are the same. See Appendix C for further detail on Lease Sale
124, 144, and 202 stipulations.

1.4.1.3 NEPA

NEPA (42 USC 4321 et seq.) requires Federal agencies to use a systematic, interdisciplinary
approach to analyzing the environmental impact of major Federal Actions. This approach ensures
integration of natural and social sciences in any planning and decision-making that may have an
impact on the environment. In furtherance of these policies, NEPA also requires Federal agencies to
prepare a detailed EIS on any major Federal action that may have a significant impact on the
environment. An EIS must analyze any adverse environmental effects that cannot be avoided or
mitigated, alternatives including the Proposed Action, the relationship between short-term uses and
long-term productivity of the environment, and any irreversible and irretrievable commitments of
resources. In 1979, the Council on Environmental Quality established uniform procedures for
implementing NEPA. These regulations (40 CFR Section 1500-1508) provide for the use of the
NEPA process to identify and assess the alternatives to proposed actions that avoid and minimize
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adverse effects on the human environment. The USDOI regulations implementing NEPA are at
43 CFR Part 46.

All of BOEM’s cooperating Federal agencies—including BSEE, EPA, USACE, NMFS, and
USFWS—are also bound by NEPA.

1.4.2 EPA Regulatory Authorities

1.4.2.1 Clean Water Act (CWA)

Section 301(a) of the of the CWA provides that the discharge of pollutants to surface waters of the
United States is prohibited except in accordance with a National Pollutant Discharge Elimination
System (NPDES) permit. Section 402 of the Clean Water Act and the regulations at 40 CFR Parts
122, 124, and 125 establish the NPDES permit program, which provides the EPA and the authorized
states the authority to control and limit the discharge of pollutants into waters of the United States.
HAK has applied for a NPDES permit for the discharge of waste streams associated with the Liberty
Development and Production Island (LDPI). The LDPI is located 4.78 nautical miles offshore in
Federal waters of the OCS; therefore the EPA is the NPDES permitting authority.

1.4.2.1.1 Ocean Discharge Criteria Evaluation

In addition, Section 403(c) of the CWA requires that NPDES permits authorizing discharges into the
territorial seas, the contiguous zones, and the oceans, including the outer continental shelf, comply
with EPA’s Ocean Discharge Criteria (40 CFR Part 125, Subpart M). The purpose of the Ocean
Discharge Criteria Evaluation (ODCE) is to assess the discharges authorized under the NPDES permit
and to evaluate the potential for unreasonable degradation of the marine environment based on the
consideration of ten specific criteria.

The ten criteria are specified at 40 CFR Part 125.122, Determination of Unreasonable Degradation of
the Marine Environment. The Director shall determine whether a discharge will cause unreasonable
degradation of the marine environment based on consideration of:

e The quantities, composition, and potential for bioaccumulation or persistence of the
pollutants to be discharged;
e The potential transport of such pollutants by biological, physical or chemical processes;

e The composition and vulnerability of the biological communities which may be exposed to
such pollutants, including the presence of unique species or communities of species, the
presence of species identified as endangered or threatened pursuant to the Endangered
Species Act, or the presence of those species critical to the structure or function of the
ecosystem, such as those important for the food chain;

e The importance of the receiving water area to the surrounding biological community,
including the presence of spawning sites, nursery/forage areas, migratory pathways, or areas
necessary for other functions or critical stages in the life cycle of an organism;

e The existence of special aquatic sites including, but not limited to marine sanctuaries and
refuges, parks, national and historic monuments, national seashores, wilderness areas and
coral reefs;

e The potential impacts on human health through direct and indirect pathways.

e Existing or potential recreational and commercial fishing, including finfishing and
shellfishing;

e Any applicable requirements of an approved Coastal Zone Management plan;
e Such other factors relating to the effects of the discharge as may be appropriate; and
e Marine water quality criteria developed pursuant to section 304(a)(1).
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New Source Performance Standards

Discharges to surface waters of the United States associated with the oil and gas extraction point
source category are regulated under 40 CFR Part 435, Subparts A-D, which were promulgated in
1979. Effluent limitation guidelines and new source performance standards for the offshore
subcategory of the oil and gas extraction point source category were amended on January 15, 1993
and became effective on March 4, 1993 (40 CFR 435, Subpart A; 58 FR 12454). New oil and gas
development and production operations where construction commenced after the effective date of
applicable new source performance standards (NSPS) are considered new sources.

40 CFR Section 122.2 defines “new source” as follows:

New Source means any building, structure, facility or installation from which there is or
may be a “discharge of pollutants,” the construction of which is commenced:

a. After promulgation of standards of performance under Section 306 of the CWA
which are applicable to such source, or

b. After proposal of standards of performance in accordance with Section 306 of the
CWA which are applicable to such source, but only if the standards are promulgated
in accordance with Section 306 within 120 days of their proposal.

The regulations at 40 CFR Section 122.29(b)(4) define what constitutes “construction” of a new
source, stating that:

“Construction has commenced if the owner or operator has:
(i) Begun, or caused to begin as part of a continuous on-site construction program:
(A) Any placement assembly, or installation of facilities or equipment; or

(B) Significant site preparation work including clearing, excavation or removal of
existing buildings, structures, or facilities which is necessary for placement,
assembly, or installation of new source facilities or equipment; or

(if) Entered into a binding contractual obligation for the purchase of facilities or
equipment intended to be used in its operation with a reasonable time.”

Chapter 2 provides a more detailed discussion of EPA’s regulatory authority for the Proposed Action
and the Alternatives.

1.4.3 USACE Regulatory Authorities

The proposed project requires Federal Action (i.e., a permit) under three USACE regulatory
authorities, in addition to Section 4(f) of OCSLA, which addresses construction of artificial islands on
the seabed to the seaward limit of the outer continental shelf. USACE jurisdiction over an artificial
island in OCS on “lands” under mineral lease from MMS (now BOEM) is limited to the evaluation of
impacts to navigation and national security, 33 CFR Section 322.5(f).

1.43.1 CWA

Section 404 (b) of the Clean Water Act contains the guidelines for specification of disposal sites for
dredged or fill material into waters of the United States (33 USC Sections 1344 and 1362) (pipeline in
territorial sea, gravel material site in wetlands, vertical support members [VSMs] and gravel pads
supporting pipeline construction in wetlands). In summary, dredge or fill material shall not be
permitted if it violates any applicable State water quality standard; violates any applicable toxic
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effluent standard; jeopardizes the continued existence of species listed as threatened or endangered; or
violates any marine sanctuary protection requirements.

1.4.3.2 Rivers and Harbors Act (RHA) of 1899

Section 10 of the RHA (commonly referred to as the Rivers and Harbors Act) addresses the
construction or modification of structures in navigable waters, or the accomplishment of any other
work affecting the course, location, condition, or physical capacity of navigable waters (33 USC
Section 403).

Section 10 of the RHA would also apply to the construction of the pipeline in water on the OCS and
in territorial seas.

1.4.3.3 Marine Protection, Research, and Sanctuaries Act of 1972
(as amended)

Section 103 of the Marine Protection, Research, and Sanctuaries Act addresses the transport of
dredged material for the purpose of ocean disposal (33 USC Section 1413). This would be applicable
if the applicant proposes to discharge materials excavated for the construction of the pipeline in the
territorial seas, elsewhere in the territorial seas.

1.4.4 NMFS Regulatory Authorities

1441 Marine Mammal Protection Act (MMPA)

Under the MMPA (16 USC Section 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 Incidental Take Authorization (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 or USFWS must base its findings on the best scientific
information available (50 CFR Part 216.102(a)). NMFS or USFWS shall also prescribe, where
applicable, the permissible methods of taking and other means of affecting the least practicable
adverse 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 Letters of Authorization
(LOAS) or (2) Incidental Harassment Authorizations (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. If the analysis of a specific proposal indicates the potential for death or
serious injury of marine mammals and that potential cannot be negated through the inclusion of
mitigation measures, then NMFS would not issue an IHA and would consider issuing regulations and
associated LOA, which allow for “take” of marine mammals by serious injury or mortality.

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
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affect the species or stock through effects on annual rates of recruitment or survival.” Additionally,
NMFS has defined “unmitigable adverse impact” in 50 CFR Section 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.

1.44.2 Endangered Species Act (ESA)

Section 7 (16 USC Section 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. Section 9
(16 USC Section 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 USC Sections 1535(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 USC
Section 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.

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 (BO), 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.

1.4.4.3 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
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agency that may adversely affect essential fish habitat identified under the Magnuson-Stevens Fishery
Conservation and Management Act (MSFCMA).

1.4.5 USFWS Regulatory Authorities

USFWS has authority under ESA and MMPA similar to that described above for NMFS. Generally,
the USFWS manages land and freshwater species, and NMFS manages marine species, although there
are some exceptions as described above. The USFWS also has authority under the Migratory Bird
Treaty Act (MBTA) and the Bald and Golden Eagle Protection Act (BGEPA) to regulate and/or
permit, if appropriate, the take or destruction of bird nests, eggs, and nestlings.

1.4.6 PHMSA Statutory Authority

The Pipeline and Hazardous Materials Safety Administration, or PHMSA, is a U.S. Department of
Transportation (USDOT) agency. It was created under the Norman Y. Mineta Research and Special
Programs Improvement Act (P.L. 108-426) of 2004 (https://www.phmsa.dot.gov/about/faq). PHMSA
Regulations pertaining to pipeline safety are specified in 49 CFR Parts 190-199.

1.4.7 SOA Regulatory Requirements

The State of Alaska has regulatory, statutory, and permitting authority over waters and lands on the
North Slope, (including submerged lands of the Beaufort Sea), other than those that are part of native
allotments. The SOA would have permitting authority over several actions associated with the Liberty
Development that would occur subsequent to BOEM’s approval of Proposed Action or one of the
Alternatives analyzed in this EIS. These actions include, but are not limited to, the construction of
onshore ice roads and ice pads, gravel use, and any construction associated with the trench and
pipeline in State waters. The State would coordinate the approval of these actions across its agencies
and determine whether to approve or deny permits and leases for use of State land. As part of this
process, the State will apply additional mitigation measures for the protection of wildlife, air and
water quality, and subsistence practices. The State would also participate in reviews of any other
necessary plans or authorizations required by the project.

1.4.8 BSEE Regulatory Authorities

BSEE is responsible for regulating and monitoring oil and gas operations on the Federal OCS,
promoting safety, and protecting the environment. BSEE Regulations applicable to oil, gas, and sulfur
lease operations on the OCS are specified in 30 CFR Part 250. Qil spill preparedness and response
rules are specified in 30 CFR Part 254.

The following subsections briefly describe several means through which BOEM and BSEE regulate
OCS activities.

1.4.9 BSEE Permitting Responsibilities and Oversight
1.49.1 Pipelines

Regulatory authority over pipelines on the OCS and in coastal areas is shared by several Federal
agencies, including USDOI (which includes BOEM and BSEE), the USDOT, the Federal Energy
Regulatory Commission (FERC), and the U.S. Coast Guard (USCG). The State of Alaska (SOA) has
regulatory authority for pipelines shoreward of 3 nautical miles. SOA standards and regulations
would also be applicable when OCS pipelines tie into shore-based facilities, pump stations, or other
pipelines when facilities, pump stations, or other pipelines are located in state-owned waters or
tidelands within the 3 nautical mile state boundary. For the Liberty project, the primary pipeline
oversight will be provided by USDOT and SOA.
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1.4.9.2 Best Available and Safest Technology Requirements

To ensure all oil and gas exploration, development, production, and decommissioning activities on
the OCS are conducted in a safe and environmentally responsible manner, OCSLA requires that all
OCS technologies and operations use the best available and safest technology that the Secretary
determines to be economically feasible. These include, but are not limited to, requirements for:

e State-of-the-art drilling technology

e Production-safety systems

e Well control

o Completion of oil and gas wells

e QOil spill response plans (OSRPs)

e Pollution control equipment

e Specifications for platform/structure designs

1.49.3 Technical and Safety Review

The lessee must design, fabricate, install, use, inspect, and maintain all platforms and structures on
the OCS to ensure their structural integrity for the safe conduct of operations at specific locations.
Applications for platform design and installation are filed with BSEE for review and approval.

Production-safety equipment used on the OCS must be designed, installed, used, maintained, and
tested in a manner that ensures the safety and protection of the human, marine, and coastal
environments. All tubing installations open to hydrocarbon-bearing zones below the surface must be
equipped with safety devices that would shut off the flow from the well in the event of an emergency,
unless the well is incapable of flowing. “Incapable of flowing” means that in order to produce
hydrocarbons from the well, artificial means would be required using mechanical pumps. All surface
production facilities must be designed, installed, and maintained in a manner that provides for
efficiency, safety of operations, and protection of the environment.

BSEE will provide for the inspection and oversight of the design and drilling of all wells for the
Liberty project. Each well will need to have an approved Application for Permit to Drill (APD) in
order for Hilcorp to initiate the drilling of each individual well. BSEE’s review will determine
whether the well design meets BSEE regulatory requirements as well as what special requirements or
conditions may be necessary while drilling takes place. Once drilling begins, BSEE will conduct
appropriate inspections and oversight of the operation both onsite as well as through review of daily
reporting by the operator.

1.49.4 Pollution Prevention and Oil Spill Response

Safety and prevention of pollution, including accidental oil spills, is the primary focus of BSEE OCS
operating regulations. Pollution-prevention regulatory requirements for oil, gas, and sulphur
operations in the OCS are in 30 CFR 250, Subpart C — Pollution Prevention and Control. These
regulations require operators that engage in activities such as exploration, development, production,
and transportation of oil and gas to prevent unauthorized discharge of pollutants into offshore waters.
Operators shall not create conditions that would pose unreasonable risks to public health, life,
property, aquatic life, wildlife, recreation, navigation, commercial fishing, or other uses of the ocean.
These regulations further mandate that the operator conduct daily inspections of drilling and
production facilities to determine if pollution is occurring. If problems are detected, maintenance or
repairs must be made immediately.

In compliance with 30 CFR Part 254, all owners and operators of oil handling, oil storage, or oil
transportation facilities located seaward of the coastline must submit an OSRP to BSEE for approval,
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and maintain the OSRP until the facility is physically removed or dismantled. Owners or operators of
offshore pipelines are required to submit a plan for any pipeline that carries oil, condensate that has
been injected into the pipeline, or gas with naturally occurring condensate. Pipelines carrying
essentially dry gas do not require a plan. A response plan must be submitted before an owner/operator
may use a facility. To continue operations, the facility must be operated in compliance with the
approved plan. As a general rule, OSRPs must be updated and re-submitted for BSEE approval every
two years. Revisions to a response plan must be submitted to BSEE within 15 days whenever any of
the following occur:

e A change occurs that significantly reduces an owner/operator’s response capabilities

e Asignificant change occurs in the worst-case discharge scenario or in the type of oil being
handled, stored, or transported at the facility

e There is a change in the name or capabilities of the oil spill removal organizations cited in the
plan

e There is a significant change in the appropriate area contingency plans

To ensure plan holder readiness, BSEE will conduct routine inspections of the operator’s response
resources to ensure that the identified spill response equipment is readily available and in the
guantities and condition described in the OSRP. BSEE also will conduct government initiated
unannounced exercises (GIUE) to test the operator’s ability to carry out the provisions of the OSRP.
Additional information about oil spill response and exercise requirements can be found in Chapter 4
(Section 4.1.1.2).

1495 Inspection Program

Under the direction of the BSEE Alaska OCS Region, the BSEE inspection program provides review
and inspection of oil and gas operations. BSEE conducts on-site inspections to ensure compliance
with lease terms, Notices to Lessees, approved plans, and to ensure that safety and pollution-
prevention requirements of regulations are met. These inspections involve items of safety and
environmental concern. Further information on the baseline for the inspection of lessee operations
and facilities is in the National Office Potential Incident of Noncompliance (PINC) List (USDOI,
BSEE, 2013a).

The purpose of the inspection program is to ensure that an oil and gas facility complies with the
regulations and that the lessee is conducting operations in accordance with the regulations and
approved permits. For the Liberty project, BSEE will tailor its inspection strategy to the scope and
nature of the activities described in the Development and Production Plan. BSEE Alaska OCS Region
conducts inspections of existing OCS development and production facilities several times a year.
BSEE conducts on-site inspections of many critical operations such as testing of blowout preventer
(BOP) equipment, testing of various well stages of well installation, installation and testing of
production systems, and many other items. The BSEE Alaska OCS Region has the authority and will
issue an Incident of Non-Compliance (INC) (a documented and recordable action) when a violation is
found, and may shut-in (deactivate a piece of equipment or shut-down the offshore facility) any
activity that is not in compliance with regulations or the approved permit. BSEE has a range of
enforcement mechanisms to address regulatory violations, most notably issuing Incidents of
Noncompliance, levying civil penalties, and shutting in components or facilities.

1.4.9.6 Structure Removal and Site Clearance

Lessees/operators have one year from the time a lease is terminated to plug and abandon all wells and
remove all structures from a leased area (30 CFR 250.1700 through 250.1754). BSEE requires lessees
to submit a procedural plan for site-clearance verification. Lessees must ensure all objects related to

Proposed Action 1-13



Liberty Development and Production Plan Final EIS BOEM

their activities are removed following termination of their lease. All surface equipment to a depth of
15 feet below mudline will be removed.

1.49.7 Training Requirements for Offshore Personnel

Proper training is important for ensuring that OCS oil and gas operations are carried out in a manner
that emphasizes operational safety and minimizes the risk of environmental damage. Industry
offshore personnel are required to have well control and production safety training, though training is
job dependent and not everyone on the platform may have training in all aspects of the work
conducted at the facility (30 CFR 250.1500-1510).

1.49.8 Safety and Environmental Management Systems (SEMS)

BSEE requires companies to develop, implement, and maintain a Safety and Environmental
Management System (SEMS) program to promote safety and environmental protection. This program
identifies, addresses, and manages safety, environmental hazards, and impacts during the design,
construction, start up and operations to be conducted on the Outer Continental Shelf. The program
also ensures that all personnel involved with the program receive appropriate training to perform their
assigned duties. See 30 CFR 250 subpart S for more information.
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CHAPTER 2. PROPOSED ACTION AND ALTERNATIVES

This chapter describes the Proposed Action and Alternatives analyzed in this Final Environmental
Impact Statement (FEIS) and identifies BOEM’s Preferred Alternative.

This chapter also includes a discussion of Alternatives that were considered but not analyzed in detail
and concludes with a proposed mitigation measure that would apply to all action Alternatives.

Table 2-5 through Table 2-9 compare aspects of the Proposed Action and Alternatives described in
this chapter.

2.1 Proposed Action

HAK?’s proposed Liberty DPP provides the basis of the Proposed Action analyzed in this EIS. HAK
proposes to construct the Liberty Development and Production Island (LDPI) to recover petroleum

reserves from three Federal leases (OCS-Y-1650, OCS-Y-1585, and OCS-Y-1886) in Foggy Island
Bay in the Beaufort Sea, northeast of the Prudhoe Bay Unit and east of the Duck Island Unit.

The schedule for the Liberty Project is described below. Multiple activities occur concurrently and
would use the same access vehicles/vessels. The type of equipment used for island construction and
support activities, such as ice road construction and pipeline installation, is described in Appendix B
of a document entitled “Underwater and Airborne Noise Modelling” (SLR, 2017), which was
provided by HAK.

Table 2-1 Liberty Timeline!
CONSTRUCTION OPERATIONS (Year 1 — Year 4)

Activity Timing

Summer & Winter Access Year 1 - Year 4

Ice Road? | Year 1 — Year 4, December — May*

Hovercraft & Amphibious Vehicles | Year 2 — Year 4, January - December

Sea-going Barges | Year 2 — Year 4, June - November

Small Marine Vessels | Year 2 — Year 4, June - November

Gravel Mine Site Development Year 2, January — September

& Island Construction?

Year 3, January — September*

Pile Driving | Year 2, March — August

Facilities Construction Year 2, January — Year 4, May

Pipeline Construction (onshore and offshore) Year 3, January — May

DRILLING OPERATIONS (Year 3 — Year 6)*

Activity Timing

Summer & Winter Access Year 3 - Year 6

Annual Ice Road (#1)>” | Year 3 — Year 6, January — May, additional lanes

Hovercraft & Amphibious Vehicles | Year 3 — Year 6, January — December

Sea-going Barges | Year 3 — Year 6, June — November

Small Marine Vessels | Year 3 — Year 6, June — November

Drilling Operations Year 3 — Year 6

Rig Mobilization | Year 3, July — August

Rig Support Mobilization | Year 3, August — September/October
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Rig Installation, Commissioning

Year 3, August — November

Drilling Operations®

Year 3 — 6, January — December

First Oil/lCommissioning

Year 5, January

PRODUCTION OPER

ATIONS (Year 5 — 23)

Activity

Timing

Production Operations

Year 5 - Year 23

Summer & Winter Access

Year 5 - Year 23

Annual Ice Road (#1)?

Year 5 — Year 23, December — May*

Hovercraft & Amphibious Vehicles

Year 5 — Year 23, January — December

Sea-going Barges’

Year 5 — Year 23, June — November, about once every 5
years

Small Marine Vessels

Year 5 — Year 23, June — November

Drilling Operations®

Year 6 — 23, January — December

DECOMMISSIONI

NG (Year 24 — 25)

Activity

Timing

Summer & Winter Access

Year 24 — Year 25

Ice Roads (#1,2,4)?

Year 24 — Year 25, December — May

Hovercraft & Amphibious Vehicles

Year 24 — Year 25, January — December

Sea-going Barges

Year 24 — Year 25, June — November

Small Marine Vessels

Year 24 — Year 25, June — November

Island, Pipeline and Facilities Removal

Year 24 — Year 25

Pile Removal

Year 25, January — December

Notes:
“Execute” years as HAK does.
2
3. Island construction includes gravel deposition (limited to pe
4
5. BOEM assumes 10 (disposal, injection and production) wel
6
7

. Additional information is noted in Italics.

Details about the proposed LDPI:

1. Dates in BOEM'’s project schedule do not align with HAK’s DPP because BOEM does not distinguish between “Evaluate” and

. Date ranges include construction, maintenance and general use of the ice roads.

riods when ice-road is intact), slope shaping and armament installation.

. Liberty Drilling and Production Island construction may occur over two winter seasons, as ice conditions allow.

Is will be drilled during this time.

. BOEM assumes up to 6 (disposal, injection and production) wells will be drilled during this time, as necessary.

Kadleroshilik River and 7.3 miles southeast of the

Built in approximately 19 feet of water with the elevation of the top of the LDPI +15 feet

o Located approximately 5 miles north of the
existing Endicott Satellite Drilling Island (SDI).
L]
above Mean Lower Low Water (MLLW) level.
o Work surface of approximately 9.3 acres.
e Seabed footprint would be approximately 24 acres.
o Design life and associated infrastructure is

approximately 25 years, as shown in Table 2-1.

The proposed LDPI location is shown in Figure 2-1.

2-2
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Figure 2-1 Proposed Action Area
Associated onshore facilities and activities to support the project would include construction and
development of:

e Iceroads;

o Gravel pads;

e Ice pads;

e A hovercraft shelter and small boat dock; and

e A gravel mine site west of the Kadleroshilik River.

Existing North Slope infrastructure, including the Deadhorse Airport, West Dock, the Trans-Alaska
Pipeline System (TAPS), and the Dalton Highway would be used to support this project.

General project information is available in Section 2 of the DPP. Additional information on the
project schedule is available in the DPP, Section 3.2, Project Execution Phase.
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Figure 2-2

Proposed Ice Road Routes

HAK proposes to construct four ice roads to support construction operations (Figure 2-2):
Ice road #1 (annual ice road between Endicott SDI and LDPI):

e Approximately 7 miles long
o Approximately 120 feet wide with a driving lane width of 40 feet
o Between 70 inches and 96 inches thick
o Would cover approximately 160 acres of sea ice in total
Ice road #2 (connecting the LDPI to the mine site and Badami Ice Road juncture):
e Approximately 7 miles long
e Approximately 50 feet wide
e Approximately 6 inches thick onshore

Ice road #3 (midpoint access road built on grounded sea ice):

e Approximately 6 miles long
e Approximately 40 feet wide
e Between 70 inches and 96 inches (8 feet) thick
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Ice road #4 (Badami ice road):

e Approximately 12 miles long
o Approximately 30 feet wide
e Approximately 6 inches thick

Typically, ice roads constructed on the tundra to access water sources would be approximately 6
inches thick with a traveled surface width of approximately 30 feet. The actual width and depth of the
ice in a given year would be based upon that year’s activities and the required loads.

Ice roads (#1, #2 and #4) would be constructed in Year 1 and Year 2 to support transportation from
existing North Slope roads to the proposed gravel mine site, and from the mine site to the proposed
LDPI location in the Beaufort Sea.

Ice roads (#1 through #4) would be reconstructed in Year 2 and Year 3 to support the pipeline
installation, including the offshore section from the shore crossing to LDPI, and the onshore portion
that includes the tie-in to the Badami pipeline. Both sections of the pipeline would require access via
an ice road system for construction.

Additional ice roads (along #1 corridor) from Endicott SDI would be constructed in Years 2 through
5 to allow additional materials and equipment to be mobilized to support LDPI, pipeline, and facility
construction activities.

An ice road (#1) connecting Endicott SDI to the LDPI is expected to be constructed annually to
support production operations in Years 6 through 23 for LDPI resupply and personnel transport.

The State of Alaska is responsible for permitting winter travel, ice road construction, temporary water
withdrawal from existing (rehabilitated) mine sites and tundra ponds for onshore ice road
construction, and the water discharge to create ice roads.

HAK currently holds a general permit (#LAS 29963) for ice road and ice pad construction on all State
owned lands on the Alaska North Slope bordered by the Canning River to the east, the Colville River
to the west, and the Brooks Range to the south. To maintain this permit, HAK must submit an annual
application that includes ice road location, anticipated schedule of operations, and a list of
vehicles/equipment used for travel. The Bureau of Ocean Energy Management (BOEM) assumes that
ice road and ice pads would be constructed under this (or similar) permit regulated by the State of
Alaska.

HAK does not anticipate mechanized on-ice travel without the use of ice roads. For the purpose of
this analysis, BOEM assumes that there would be no travel across shorefast ice or tundra without the
use of ice roads.

HAK proposes to construct approximately 32 miles of ice roads during the construction phase. Ice
roads are best constructed when weather is -20°F to -30°F, but temperatures below 0°F are considered
adequate for ice road construction. Ice road construction can typically be initiated in mid- to late-
December and roads maintained until mid-May. At the end of the season, ice roads will be barricaded
by snow berm and/or slotted at the entrance to prevent access and allowed to melt naturally.

HAK proposes to use seawater to construct the offshore ice roads. Construction would follow these
steps:
e Clear away snow

e Smooth/grade ice (surface rubble ice would be incorporated into or moved outside the
expected road surface, approximately 200 feet either side of the center line)
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e  Pump seawater from holes drilled through floating ice
e Flood the ice road

Flooding techniques are dependent on the conditions of the sea ice; grounded ice typically requires
limited flooding with fresh water to either cap or repair cracks. Floating ice requires flooding with
seawater until the desired thickness is achieved (determined by the required strength and integrity of
the ice). Once this thickness is achieved, floating ice roads may then be flooded with fresh water to
either cap or repair cracks. This technique minimizes the usage of fresh water.

Ice roads across tundra are constructed after the soil is frozen and there is adequate snow cover. Ice
rubble is knocked down into the planned road path and rough areas are flooded as needed to allow
tracked vehicles and rolligons to travel the road.

Ice road construction would be done in accordance with the applicable Mitigation Measures in
Appendix C. More information on ice roads is available in the DPP in Section 5.1.2, Ice Roads,
Section 5.1.5, Surface Transportation, and Section 5.2, Access by Project Phase.

2.1.1.1.1 Ice Pad Construction

Three ice pads are proposed to support construction activities. These would be used to support LDPI,
pipeline, (including pipe stringing and two stockpile/disposal areas) and facilities construction. A
fourth staging area ice pad (approximately 350 feet by 700 feet) would be built on the sea ice on the
west side of the LDPI during production well drilling operations.

More information on ice pads is available in the DPP in Section 10.1, Ice Roads.

2.1.1.2 Winter Transportation Estimates

HAK would utilize ground vehicles (heavy duty diesel trucks, light duty diesel pickup trucks,
trimmers, tractors, loaders, and excavators, etc.) during periods when ice roads can be constructed and
used. Surface transportation to the onshore pipeline would be via ice roads in winter and by approved
tundra travel vehicles in summer (Table 2-2). The largest volume of traffic is anticipated to occur
during gravel hauls to create the LDPI.

Table 2-2 Projected Surface Vehicle Traffic
R —_ L . Production
Estimated Fuel Capacity Island,g:)pneslwfcﬁo?cnmes DrllllrégpiraPtri(;cri]l;cnon Operations Decommissioning
(Gallons) / Vehicle [Years 1— 4] (Trips) [Years 2 — 6] (Trips) [Ye?'ﬁigss 23] [~Years 24-25]
80 21,000 per season 400 per season 100 per season | 21,000 per season

2.1.1.3 Summer Transportation Estimates

HAK proposes to use barges, hovercraft, or small vessels to transport equipment, personnel and
supplies to the LDPI from West Dock or Endicott SDI during the open water season. Large barges
and tugs, transiting through Dutch Harbor to the LDPI, or, alternatively, from West Dock or Endicott
SDI to the LDPI, would be used to transport large equipment (i.e. drilling rig) and supplies. Most
construction materials would be transported via barge from West Dock or Endicott SDI to the LDPI.

Hovercraft would transport personnel and small loads during shoulder seasons when ice roads and
open-water vessel support are not available. Amphibious vehicles would be used for emergency
evacuation from the LDPI.

The marine transit route from West Dock to LDPI is approximately 25 miles. Endicott SDI to LDPI is
approximately 8 miles.
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Table 2-3 provides descriptions of the types of offshore vessels that are anticipated to be used within
25 miles of the LDPI during construction, drilling and production operations. Figure 2-3 and Figure
2-4 illustrate the general marine traffic routes described in this section.
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Table 2-3 Marine Traffic and Vessel Types
_ Island, F_’l_p_ellne & Dr||||ng_& Production
Estimated Fuel Facilities Production :
Number of . : . Operations
Mode Capacity Construction Operations
Vessels [Years 6 — 23]
(Gallons) [Years 1 - 4] [Years 3 — 6] (Trips)
(Trips) (Trips) P
Seagoing Barge 1to2 Not Applicable 2-5/year 1/ 5 years 1/ 5 years
Ocean Class Tug 1to2 252,000 2-5/year 1/ 5 years 1/ 5 years
Coastal Barge 1to2 700 3/day 20/year 10/year
Assist Tug 1to2 22,000 3/day 20/year 10/year
Crew Boat 1to2 300 12/day 2/day 90/year
Bathymetry Vessel
(Ancillary Activity) 1 300 1 survey 1lyear 1lyear
Hovercraft 1 250 3/day 2/day 2/day
Amphibious Vehicles 2 -0 -0 As needed As needed

HAK plans to use helicopters year round (weather/visibility conditions permitting) to access the
LDPI. Helicopters would also be used for pipeline surveillance, personnel transport, resupply during
the broken ice seasons, and maintenance and inspection of the onshore pipeline system (Table 2-4).

Table 2-4 Projected Helicopter Traffic
. " Island, Pipeline & Dr||||ng_& Produc_tlon
Estimated Fuel Pre-Construction RF " Production Operations
. ; Facilities Construction .
Capacity (Gallons) Data Gathering [Years 1— 4] (Trips) Operations [Years 6 — 23]
PS) |[Years 3-6] (Trips)|  (Trips)
400 1/week 1-2/day 2/day 1-2/day
Note: Fixed-wing aircraft use, while not part of the Proposed Action, may occur over the life of the project for the purpose of pipeline
monitoring, marine mammal monitoring, or in the event of an oil spill. Impacts of fixed wing aircraft to marine and terrestrial mammals
are discussed in Sections 4.3.4 through 4.3.5.
2.1.2 Gravel Mine Site Development

Two government agencies regulate development and/or operation of the gravel mine site. The U.S.
Army Corps of Engineers (USACE) regulates the placement of dredged or fill material in wetlands
(as described in Chapter 1). Details of the USACE’s possible regulatory actions for the gravel mine

site or other aspects of the project are available for each alternative in sections titled “USACE
Permitting.” The Alaska Department of Natural Resources Division of Mining, Land and Water also
regulates the extraction of gravel from state lands.

The proposed gravel mine site (West Kadleroshilik Site #1) is located approximately 6.2 miles south
of the proposed LDPI and 1.5 miles west of the Kadleroshilik River (Figure 2-5). Transport of gravel
from the mine site to the proposed LDPI would require approximately 24 trucks working for 70 days.

Mine site development includes removal of snow and ice, removal and stockpiling of unusable
overburden material, blasting, pit excavation, gravel hauling, and backfill of unusable material into
the pit. Once the mine is no longer needed, the pit would be flooded and reclaimed.

Details about the proposed mine site:

o Excavated area of about 25 acres

e Additional ice pad (which would not result in ground disturbance) of approximately 250
square feet surrounding the pit. This ice pad boundary area brings the total mine site area to
49 acres

e Approximately 46 to 60 feet deep

e Afirst lift (mining cycle) would remove about 20 feet of overburden, (although this may be
variable once excavation work begins). The second and third lifts would remove material at
20 feet depth intervals.
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The gravel source is high quality, exhibiting fines content (percent passing the #200 sieve) of less
than 10 percent (mean value of about 4 percent). The percent of gravel in each core ranges from 15 to
55 percent, with a mean value of about 35 percent.

Diagrams are included below to illustrate the mine site plan view (Figure 2-5) and mine site cross-
section (Figure 2-6); reclamation figures for the mine site are in Section 2.1.8, Decommissioning.

About 1,337,000 cubic yards (cy) of gravel could be excavated to support construction activities on
the LDPI. BOEM used the largest potential estimated values based on the May 2017 DPP, in case
more gravel is necessary. This includes:

e About 929,000 cy for the LDPI,

e About 3,500 cy for the Badami tie-in pad;

e About 1,500 cy for the Badami ice road crossing; and,

e About 5,000 cy for the pipeline landfall.
The remaining yardage (408,000 cy) would be used for pipeline select backfill, maintenance, and
contingency needs. BOEM conservatively assumed the remaining yardage would be the same for all

alternatives. As stated above, ice roads and ice pads would be constructed to support mining and
gravel hauling during construction.

1978" — LIMITS OF ICE PAD — 27.8 ACRES

1528" — LIMITS OF DISTURBED (PERMIT) AREA — 27.3 ACRES

1478' — LIMITS OF MINED AREA — 25.8 ACRES

638

)

N\
25
4

N 5922934.28 N 5922308.63
E 1429680.07 § / E 1429804.99

- LIMITS OF MINED AREA

134¢' - LIMITS OF ICE PAD

840"

89¢° — LIMITS OF DISTURBED (PERMIT) AREA

Figure 2-5 Proposed Action Generalized Mine Site View (for Analysis Purposes)

HAK proposes a single year mining program, with a second year contingency option in case of poor
offshore ice conditions that restrict gravel transport to the LDPI site. If the second winter season is
necessary, HAK would store the overburden material within the mine site.

More information on ice pads is available in the DPP, in Section 3.2.3, Mine Site Development and
Section 10.3, Gravel Sources.
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Figure 2-6 Proposed Action Mine Site Cross Section

2.1.3 Liberty Development and Production Island Construction
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Figure 2-7 Liberty Development and Production Island (LDPI) (Preliminary)

The LDPI would be constructed during the first two winter seasons of the project. Island construction
would commence as soon as the ice road from the gravel mine site to the LDPI construction site is
completed. Figure 2-1, Figure 2-7, and Figure 2-8 show the location, preliminary island schematic,
and a conceptual rendering of the island.

Gravel hauling over the ice road to the LDPI construction site would initiate in December of Year 1,
continue for 50 to 70 days, and conclude mid-April or earlier depending on road conditions. Once
gravel haul is complete and before ice breakup, protective armament (interlocking concrete mats) and
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sheet pile (island perimeter) installation would occur. Well conductor and foundation piles would be
installed in this same time frame.

A detailed description of pile driving is discussed in HAK’s acoustic model for this project (SLR,
2017). Mitigation measures for this activity are discussed in Appendix C.

Figure 2-8 Conceptual 3-D Rendering of Proposed LDPI

The LDPI slopes would be protected from erosion due to winds and waves by a combination of
interlocking concrete mats and sheet piling, and potentially gravel bags or large boulders as a
secondary measure. Comparatively, on Northstar Island, which is outside the protection of the barrier
islands, HAK replaces about 25 of 18,000 (0.0014 percent) concrete mats annually, and about 200 of
18,000 (0.011 percent) every 5 years on a routine island repair cycle.

The work surface of the proposed LDPI would be about 9.3 acres, and the seabed footprint would be
roughly 24 acres. Construction of the proposed LDPI would require approximately 929,000 cy of
gravel. The design life of the LDPI and associated infrastructure is approximately 25 years.

BOEM notes that the DPP does not provide detailed engineering descriptions of the island
construction. Prior to construction, Hilcorp would be required to submit this information to the
Bureau of Safety and Environmental Enforcement (BSEE) under the Platform Verification Program.
Plans to be submitted include a design verification plan, a fabrication verification plan, and an
installation verification plan. These plans would be vetted by an independent third party entity. A
description of the proposed island construction is available in Chapter 6 of the DPP.

2.1.4 Pipeline Construction

HAK proposes a pipe-in-pipe (PIP) subsea pipeline consisting of a 12-inch diameter inner pipe and
16-inch diameter outer pipe. The production pipeline would be bundled with a nominal 4-inch coiled
utility line, along with an armored fiber optic cable. The utility line would be installed as a
contingency for possible future use as a fuel gas delivery line or to allow for a circulation loop with
the 12-inch export line for upset conditions (when the pipeline is not functioning appropriately)
(Figure 2-9).
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Figure 2-9 Liberty Pipeline Schematic

Pipeline construction is planned for the winter following LDPI construction. The offshore and
onshore pipeline segments would be installed within the same time frame, with two separate
construction spreads of equipment and manpower.

The pipeline would extend from the LDPI to a tie-in with the Badami Pipeline system. Two onshore
gravel pads would be constructed in close proximity starting at the tie-in. The Badami ice road
crossing (over the Liberty pipeline) pad would require up to 1,500 cy of gravel and would have a
footprint of approximately 0.15 acres. The pipeline would be buried in the gravel pad at this crossing
point. A section and plan view of the pad is shown in Figure 2-10 and Figure 2-11.
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Figure 2-11 Badami Ice Road Crossing Pad, Section View

An approximately 0.7-acre gravel pad would be required where the Liberty Pipeline and Badami
Pipeline join (Badami tie-in pad). This would require roughly 3,500 cy of gravel (Figure 2-12 and
Figure 2-13, below).
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Figure 2-13 Onshore Tie-In Pad, Section View

The proposed onshore pipeline would cross the tundra for almost 1.5 miles. The single wall 12-inch
pipeline would rest on 150 to 170 Vertical Support Members (VVSMs), spaced approximately 51 feet
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apart to provide the pipeline a minimum 7-foot clearance above the tundra. Pipeline expansion loops
would be required roughly every 1,300 feet. See Section 7.5 of the DPP for additional detail.

The VSMs would be installed and the pipeline placed before the installation of the pigging facilities
at the Badami tie-in pad (a “pig’ is a device that is forced through a pipeline by pipeline internal
pressure for the purposes of displacing or separating fluids and cleaning or inspecting the line).

At the pipeline landfall (where the pipeline transitions from onshore to offshore), HAK would
construct an approximately 1.4-acre trench to accommodate the installation of thermosiphons (heat
pipes which circulate fluid based on natural convection to maintain or cool ambient ground
temperature) along the pipeline and to protect against coastal erosion along the pipeline corridor.
Approximately 5,000 cy of gravel would be used at the landfall site as thaw-stable fill material. The
proposed length of the onshore setback is approximately 350 feet, starting from the 4-foot elevation to
the daylight of the pipeline, to account for any potential ice ride-up associated with onshore sea ice
movement. HAK estimates long-term (period from 1949 to 1995) erosion rates of about 2 feet per
year at the shore crossing location (Coastal Frontiers, 1996). The length of the transition (daylight)
would account for the average long-term erosion rate and the maximum expected short-term erosion
rate (see Figure 2-14).

More information is available in Section 7 of the DPP. A schematic for the pipeline landfall is shown

below in Figure 2-14.
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Figure 2-14 Pipeline Landfall Schematic, Section View

The subsea (offshore) section of the pipeline would be the PIP system described above, constructed
within a 1,500-foot wide proposed temporary construction right-of-way (ROW) during the winter.
The nearshore portion of the pipeline is expected to transit through an area having a 75 percent
possibility of overflood occurrence (overflooding is the fluvial process that causes strudel scour; see
Section 3.1.2.4). Overflooding increases the risk of a strudel scour event, which Hilcorp has mitigated
by proposing that the minimum depth of cover over the pipeline bundle is approximately 7 feet below
mudline. The target trench depth is 9 to 13 feet.

The estimated excavated trench volume for the entire route length based on the estimated slopes is
approximately 491,000 cy.
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Offshore pipeline construction would progress from shallower to deeper water for the approximately
5.6-mile marine portion of the pipeline, with multiple construction spreads. Construction would
involve:

e Equipment, material and crew member mobilization
e Construction of the supporting ice road

o Cutting a slot through the ice, excavating a trench (including temporarily storage of excess
materials)

e Preparing (welding and joining together) the pipeline bundle components
o Placement of the pipeline bundle in the trench
e Trench backfilling

The pipeline trench would be backfilled with the material removed during excavation using
conventional equipment (backhoes, dump trucks, etc.). Some gravel or gravel bags may also be used
as backfill for the transition trench.

More information is available in Section 7.8, Offshore Pipeline Installation, of the DPP.

BOEM notes that the pipeline ROW, design, construction, installation, monitoring and maintenance
are regulated by the U.S. Department of Transportation, Pipeline and Hazardous Materials Safety
Administration (USDOT PHMSA) and/or the State of Alaska, State Pipeline Coordinator Services.

2.1.4.1 Disposal of Pipeline Trench Materials

HAK plans to place all dredged material back in the pipeline trench. Based on the estimated pipeline
trench depth and the soil composition along the proposed pipeline alignment, all material would be
suitable for backfilling the trench excavation. Due to thaw settlement along the pipeline corridor,
excess material is assumed to be minimal.

2.1.5 Facilities Construction

The LDPI layout includes areas for drilling, production, production support, utilities, a camp, camp
utility area, and a relief well area. Permanent structures on the LDPI would be supported by driven
steel piles and/or slab on grade foundations. Rig mats (portable platforms used to support equipment
used in construction and other resource-based activities) may be used in some areas (e.g., storage
containers).

The LDPI would have a helicopter landing pad and one dock to accommaodate barges, hovercraft, and
small boats. It would also have ramps for amphibious vehicle access. Offshore ice road transitions
would occur around the LDPI bench perimeter.

The LDPI design includes a seawater treatment plant, a sanitary wastewater facility, and a potable
water treatment plant. Wastewater would receive secondary treatment. Remaining sewage solids
would be incinerated on-island or stored in enclosed tanks prior to shipment to the North Slope
Borough (NSB) treatment plant in Deadhorse. Please refer to Section 2.1.9 of the DPP for additional
description of the wastewater treatment operations and discharges.

Power for the camp and utilities during construction would be generated by two diesel-fired
generators for a maximum power output of 1.25 megawatts each. A redundant generator would be
available for backup power generation. Chemicals stored on the LDPI would include diesel fuel,
methanol, and other chemicals to support drilling and production.

The LDPI production facilities and camp would be powered by fuel gas-fired turbines once the third
well has been completed. The diesel-fired engines that were located on the LDPI during construction
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would remain on the LDPI to provide power to the facilities in the event of a power disruption from
the fuel gas-fired turbines. The LDPI production facilities would include three gas-fired compressors.

HAK plans to truck most modules, buildings, and material for on-site construction to the Alaska
North Slope (ANS) via the Dalton Highway, to be staged at West Dock, Endicott SDI, or in
Deadhorse. HAK may contract sea-going barges during Year 2 through Year 6 that would transit
through Dutch Harbor to the LDPI to support construction and drilling operations. HAK estimates
that one to two barges, making two to five trips annually, would be needed during this phase. Barges
transiting between Dutch Harbor and the LDPI would occur throughout the life of the project; HAK
estimates one trip every 5 years would be required. Barges transiting between West Dock or Endicott
SDI to LDPI would also occur throughout the project life. Construction workers and materials may be
based at Endicott SDI; a hovercraft ramp and hangar would be installed there, and HAK may create a
ramp to facilitate winter ice road access across the sea ice to the LDPI.

Other onshore facilities would include a gravel pad for pipeline support at the tie-in location to the
Badami Pipeline, as described previously. A plan view and section view of these pads are shown in
Section 2.1.4. Additional onshore support, mentioned above, would include use of water sources for
ice roads and ice pad construction and development of a gravel mine site west of the Kadleroshilik
River.

2.1.6 Drilling Operations

The drilling unit and associated equipment would be transferred by barge through Dutch Harbor or
from West Dock to the LDPI in Year 2. Drilling is scheduled to begin in early Year 3. HAK proposes
16 well slots. The initial 10 wells would be drilled in Year 3 through Year 6; additional well slots
would be available as backups or for potential in-fill drilling throughout the project life. HAK would
drill 5 to 8 producing wells (to include any additional future completions), 4 to 6 water and/or gas
injection wells, and up to 2 disposal wells with a surface wellhead spacing of 15 feet between well
slots.

The first well drilled would be a disposal well for cuttings re-injection and waste mud. HAK plans to
power the drill rig, grind and inject facility, and other drilling operations exclusively by diesel-fired
equipment while the first three wells are being completed. Rock cuttings and excess drilling mud
from this well would be stored on site until the disposal well is completed and the grind and inject
facility is commissioned. Alternatively, cuttings and drilling muds may be transported to an existing
onshore site for disposal.

The next well drilled would be a gas injector, which would be used to re-inject produced gas into the
reservoir. Produced gas would be used as fuel gas and lift gas (i.e., reinjected gas used to increase
fluid pressure).

The third well drilled would be a producer. This well would be completed and connected to the
processing facilities to allow the plant to start up. Once this occurs, the LDPI drill rig, grind and inject
facility, and production facilities would be powered by fuel gas-fired equipment with diesel-fired
units available as backups in case the gas processing plant shuts down. Drilling would continue as
described in the project schedule (see DPP, Figure 8-1).

Seawater, treated and comingled with produced water, would be used for injection into the Liberty
Reservoir in a process called waterflooding. Waterflooding, unlike fracking, does not fracture the
reservoir to increase production. Instead, water is transferred to the reservoir from the surface down
an injector well with the intention of pushing oil towards the producing well, enhancing oil
production. This process maintains the pressure within the reservoir by filling pore space left vacant
by initial oil production. The treated seawater would also be used to create potable water and utility
water used at the proposed LDPI.
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Each spring and fall, prior to soft/broken ice seasons, sufficient drilling consumables (i.e., drilling
fluid, additives, lubricants, etc.) would be stockpiled on the LDPI to allow drilling through the
periods when re-supply is limited to personnel, groceries, and small loads via helicopter or hovercraft.

A more detailed discussion of the sequence of drilling activities, including drilling unit mobilization
and drilling operations, is provided in Section 8 of the DPP.

2.1.7 Production Operations

Production would commence once the initial facilities are constructed and the first three wells are
drilled. Production, drilling, and facility installation activities would occur simultaneously until all the
wells are drilled and in service. First oil is anticipated in first quarter of Year 4.

The initial production rate is expected to be in the range of 10,000 to 15,000 barrels of oil per day
(BOPD). As additional wells are brought online, the production rate is expected to peak at a rate
between 60,000 and 70,000 BOPD. HAK anticipates it would take approximately 2 years from first
oil to reach peak flow rate from the reservoir.

HAK estimates the economic life of the field at approximately 15 to 20 years, so the facilities and
pipeline are designed for an operational life of 25 years based on design criteria appropriate to Arctic
conditions (e.g., wave, ice, storm, seismic conditions, etc.). HAK plans to upgrade facilities (i.e.,
replacing equipment and/or piping) if the operational life of the Liberty Field exceeds 25 years.

More information about the Liberty reservoir is available in Section 3.1.3 of this FEIS, and Section 4
of the DPP. Production operations are discussed in Section 11 of the DPP.

2.1.7.1 Ancillary Activities

HAK may conduct annual ancillary activities to identify conditions at or below the seafloor or along
the island perimeter that are potentially hazardous. These ancillary activities could include geohazard
and geophysical surveys or aerial reconnaissance surveys. The National Marine Fisheries Service
(NMFS), in their Effects of Oil and Gas Activities in the Arctic Ocean EIS (NMFS, 2016a), describes
the noise characteristics associated with the typical types of equipment for geohazard surveys as:

o Single Beam Echosounders: 180 to 205 dBrwms (decibel root mean square) at 1 meter (m)
between 3.5 and 1,000 kilohertz (kHz)

e Multibeam Echosounders: 216 to 242 dBrws at 1 m between 180 kHz and 500 kHz
e Sjdescan Sonar: 194 to 249 dBrwms at 1 m between 100 and 1,600 kHz

e Subbottom Profilers And Single Channel Seismic: 200 to 250 dBrwms at 1 m between 0.2 kHz
and 200 kHz

e Multichannel Seismic: 196 to 217 dBrms at 1 m between 0 and 200 Hz.

HAK plans to complete annual geohazard surveys, using geophysical (primary sidescan sonar) or
visual surveys, over the pipeline corridor and/or along the island perimeter to assess trends associated
with strudel scour impacts, ice events or erosion. HAK would implement mitigation measures based
on these surveys, such as filling in strudel scours, controlling shoreline or island erosion.

Additional monitoring (via remote operated vehicle or sidescan sonar) may occur if aerial
reconnaissance surveys or other monitoring instrumentation indicates that the pipeline has been
exposed due to a strudel scour event.

The U.S. Environmental Protection Agency (EPA) and the Alaska Department of Environmental
Conservation (ADEC) have issued general permits that would provide discharge authorization for
geotechnical surveys and related activities, which would result in disturbance and mobilization of
seafloor sediments (e.g. sand, rock, sediments, muds, etc.) Those permits are as follows:
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o EPA General National Pollutant Discharge Elimination System (NPDES) General Permit
#AKG-28-4300, Oil and Gas Geotechnical Surveys and Related Activities in Federal Waters
of the Beaufort and Chukchi Seas; Effective Dates: March 2, 2015 — March 1, 2020.

o ADEC Alaska Pollutant Discharge Elimination System (APDES), General Permit
AKG283100, Geotechnical Surveys in State Waters of the Beaufort and Chukchi Seas,
Effective Dates: May 1, 2015 — April 30, 2020.

2.1.7.2 Monitoring Activities

HAK would monitor various physical features of the Liberty Development including ice conditions,
bathymetry, and trench conditions. More information is available in the DPP, Section 12.5
Environmental Monitoring, in Appendix C of this FEIS.

2.1.8 Decommissioning

When HAK determines the project is no longer economically viable for it to continue operations,
HAK would either begin abandonment procedures according to the permit conditions and regulations
in force at that time, or enter into negotiations to transfer ownership of the project to another entity. If
HAK transfers ownership, the new operator would be required to abide by all terms and conditions
that BOEM imposes upon HAK, assuming the project is approved.

The estimation of the end of economic field life depends upon predictions of future oil and gas prices
and operating costs. The expected producing life of the Liberty field is 15 to 20 years. The project
operational life, which includes construction and decommissioning time, is estimated to be 25 years.
See Section 19 of the DPP for more information on decommissioning.

2.1.8.1 Winter and Summer Access

During the project life, including during decommissioning, onshore ice roads used to connect the
mine site, construction areas, and LDPI would melt at breakup; stream and river crossings would be
slotted to facilitate stream flow. Onshore ice road routes would be inspected the following summer
for tundra damage and remediated as needed. Abandonment and rehabilitation of the onshore gravel
pads would be completed according to applicable regulatory requirements. BOEM assumes that Ice
Roads #1 through #3 would be constructed in Year 24 through Year 25 to support decommissioning.

As a conservative estimate, BOEM assumes that all summer (open water) transits for
decommissioning would be equal to the vessel types and transits used during construction.

2.1.8.2 Gravel Mine

Abandonment and rehabilitation of the gravel mine site for Liberty would be described in a Mining
and Rehabilitation Plan submitted for approval to the ADNR and USACE. A proposed mine site
reclamation section view has been included below.
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Figure 2-15 Proposed Mine Site Reclamation, Section View

2.1.8.3 Island and Wells

While in the Production Operations phase, infill drilling or possible delineation success could extend
the service life of the LDPI, production facilities, and pipeline system. BOEM conservatively
assumes that in Year 23, HAK would initiate activities to modify and/or update the existing Liberty
infrastructure to ensure safe continued use of the LDPI (and wells), production facilities, and pipeline
system.

If this does not occur, HAK proposes to begin abandonment procedures when the project ceases to be
economically viable, predicted to be Year 24 of the project life. The LDPI would be decommissioned
at the end of field life (EOFL) and cessation of production, as defined by operating agreements,
permits, and regulations. Removal of facilities and abandonment of the wells is expected to require
two winter seasons over a span of 18 months (Year 24 through Year 25).

The procedure described below was used for Tern Island, which is located about 1.5 miles from the
proposed LDPI, and other exploration gravel islands built in the 1980s and 1990s to explore State and
Federal acreage in the Beaufort Sea. Abandonment procedures have involved plugging and
abandoning the wells, then removing wellheads, pilings, and other structures to below the mudline.
Subsequently, the armoring and sheet piles are removed, followed by testing the island for any
contamination, remediating any contamination, and then allowing natural wave, ice, and current
forces to erode the island.

The removed armor from the LDPI may be used to enhance hard bottom habitat, or removed from the
project area and recycled to another use or disposed of in an approved manner. Special consideration
would be given to any Boulder Patch communities that may have colonized the lower portions of the
concrete slope armor. HAK would obtain approval of its decommissioning plan by submitting
applications pursuant to regulations in effect at that time. Title 30 Code of Federal Regulations (CFR)
250.1703(a) and 30 CFR 250.1704 currently require the application be submitted to BSEE and meet
the applicable requirements of 30 CFR Subpart Q, Decommissioning Activities. BSEE regulations
provide specific requirements for well abandonment, but those are not prescriptive for gravel island
abandonment. Removal is subject to the approval of the Regional Supervisor.

Laws and regulations pertaining to ADNR and USACE approvals for this project also provide for
discretion in termination and abandonment procedures.

2.1.8.4 Pipeline

At the end of the project life, decommissioning of the pipeline would be subject to both State of
Alaska and DOT PHMSA regulations. The State would consider closure plans in the future rather
than determining the fate of infrastructure at this time. The following information describes a
reasonable decommissioning process under the agencies’ jurisdictions. All lines would be de-
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energized and flushed prior to removal. The processes and standards for flushing are expected to be
site-specific and would be incorporated into the final decommissioning plan. Site clearance work on
State land would likely require removal of all materials, supplies, structures, VSMs, and installations
from the location.

The buried subsea portion of the pipeline would likely be abandoned in place or continued for use by
HAK or another entity after Liberty is depleted, after which time it would be abandoned in place.
Following flushing, HAK would verify that all hydrocarbons or other contaminants have been
removed, cut the ends of the pipeline off at the appropriate elevation, and permanently seal the ends.
Marine lines would be identified to the U.S. Coast Guard for proper chart designations or aid to
navigation marking, as appropriate. Additional details of decommissioning the subsea buried pipeline
would be determined in the permitting and/or decommissioning approval process.

If the pipeline is not decommissioned in Year 24 through Year 25, the pipeline system could be
operated as a common carrier. This would allow for HAK and/or another entity to use the pipeline for
other future purposes after the Liberty reservoir has been depleted.

2.1.8.5 Facilities

Surface facilities include all equipment and structures associated with drilling, development, and
production of the Liberty petroleum reserves. All modules, structures, pipelines, and supports are
considered surface facilities.

All installed surface facilities associated with the Liberty Development would be removed. Surface
facilities would be de-energized, flushed of any oil and chemical residues if necessary (not all the
lines carry oil), and removed. Modules would be removed in a reverse process from installation and
transported to an offsite location to be reused, recycled or disposed. Other installations would likely
be removed by dismantlement.

2.1.9 EPA Permitting

The Proposed Action would require a NPDES permit from EPA for the discharge of waste streams
associated with the LDPI.

Section 301(a) of the Clean Water Act (CWA) provides that the discharge of pollutants to surface
waters of the United States is prohibited except in accordance with a NPDES permit. Section 402 of
the CWA establishes the NPDES permit program, which provides the EPA and the authorized states
the authority to control and limit the discharge of pollutants into waters of the United States. HAK
has applied for an NPDES permit for the discharge of waste streams associated with the LDPI. The
LDPI is located 4.78 nautical miles offshore in Federal waters of the Outer Continental Shelf (OCS);
therefore, the EPA is the NPDES permitting authority.

2.1.9.1 Ocean Discharge Criteria Evaluation

Section 403(c) of the CWA requires that the NPDES permits authorizing discharges into the
territorial seas, the contiguous zones, and the oceans, including the outer continental shelf, comply
with EPA’s Ocean Discharge Criteria (40 CFR Part 125, Subpart M). The purpose of the Ocean
Discharge Criteria Evaluation (ODCE) is to assess the discharges authorized under the NPDES permit
and to evaluate the potential for unreasonable degradation of the marine environment based on the
consideration of ten specific criteria.

The 10 criteria are specified at 40 CFR Part 125.122, Determination of Unreasonable Degradation of
the Marine Environment. The Director shall determine whether a discharge would cause unreasonable
degradation of the marine environment based on consideration of:

2-22 Proposed Action and Alternatives



BOEM

Liberty Development and Production Plan Final EIS

8.
9.

10.

The quantities, composition and potential for bioaccumulation or persistence of the pollutants
to be discharged,

The potential transport of such pollutants by biological, physical or chemical processes;

The composition and vulnerability of the biological communities which may be exposed to
such pollutants, including the presence of unique species or communities of species, the
presence of species identified as endangered or threatened pursuant to the Endangered
Species Act, or the presence of those species critical to the structure or function of the
ecosystem, such as those important for the food chain;

The importance of the receiving water area to the surrounding biological community,
including the presence of spawning sites, nursery/forage areas, migratory pathways, or areas
necessary for other functions or critical stages in the life cycle of an organism;

The existence of special aquatic sites including, but not limited to, marine sanctuaries and
refuges, parks, national and historic monuments, national seashores, wilderness areas and
coral reefs;

The potential impacts on human health through direct and indirect pathways;

Existing or potential recreational and commercial fishing, including fin-fishing and shell-
fishing;

Any applicable requirements of an approved Coastal Zone Management Plan;
Such other factors relating to the effects of the discharge as may be appropriate; and

Marine water quality criteria developed pursuant to section 304(a)(1).

2.1.9.2 New Source Performance Standards

Discharges to surface waters of the United States associated with the oil and gas extraction point
source category are regulated under 40 CFR Part 435, Subparts A-D, which were promulgated in
1979. Effluent limitation guidelines and new source performance standards for the offshore
subcategory of the oil and gas extraction point source category were amended on January 15, 1993,
and became effective on March 4, 1993 (40 CFR 435, Subpart A; 58 FR 12454). New oil and gas
development and production operations where construction commenced after the effective date of
applicable new source performance standards (NSPS) are considered new sources.

40 CFR Section 122.2 defines “new source” as follows:

“New Source means any building, structure, facility or installation from which there is or
may be a “discharge of pollutants,” the construction of which is commenced:

a. After promulgation of standards of performance under Section 306 of CWA which
are applicable to such source, or

b. After proposal of standards of performance in accordance with Section 306 of CWA
which are applicable to such source, but only if the standards are promulgated in
accordance with Section 306 within 120 days of their proposal.”

The regulations at 40 CFR Section 122.29(b)(4) defines what constitutes “construction” of a new
source, stating that:

“Construction has commenced if the owner or operator has:
(i)  Begun, or caused to begin as part of a continuous on-site construction program:

(A) Any placement assembly, or installation of facilities or equipment; or
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(B) Significant site preparation work including clearing, excavation or
removal of existing buildings, structures, or facilities which is
necessary for placement, assembly, or installation of new source
facilities or equipment; or

(i)  Entered into a binding contractual obligation for the purchase of facilities or
equipment intended to be used in its operation with a reasonable time.”

EPA has determined the LDPI is a new source because construction would commence after the
promulgation of new source performance standards in 1993.

In accordance with Section 511(c)(1) of the CWA and the EPA’s regulations for implementing the
procedural provisions of NEPA at 40 CFR Part 6, issuance of NPDES permits for new sources are
considered major federal actions subject to National Environmental Policy Act (NEPA) review.

In order to satisfy their NEPA compliance obligations associated with the issuance of an NPDES
permit for the LDPI, the EPA has agreed to assist in the preparation of this FEIS as a cooperating
agency pursuant to 40 CFR 1501.6.

NPDES permits would be required to implement the Proposed Action or any of the other Alternatives
considered in the EIS that fall under EPA authority, except for the No Action Alternative. EPA has
identified the following alternatives for its own NPDES permitting action:

e EPA’s Action: Issue an individual NPDES permit to HAK for requested waste streams
associated with the Liberty Project, in accordance with the statutory/regulatory-based
requirements described below.

e EPA’s No Action: Do not issue an NPDES permit to HAK for requested waste streams
associated with the Liberty Project.

2.1.9.3 Wastewater Discharges under the Proposed Action

All permitted waste streams would be discharged from the LDPI into Stefansson Sound in the
Beaufort Sea. A description of the requested waste streams and treatment processes is provided
below.

2.1.9.3.1 Sanitary and Domestic Wastewater (Outfall 001a; Contingency
Discharge)

Sanitary wastes from offshore oil and gas facilities are comprised of the human body waste
discharged from toilets and urinals. Domestic waste, or graywater, originates from sinks, showers,
laundries, safety showers, eye-wash stations, hand-wash stations, food preparation areas, galleys, and
other domestic sources that do not include wastes from toilets, urinals, hospitals, and cargo spaces.

HAK intends to use a membrane bioreactor (MBR) with ultraviolet (UV) disinfection to treat the
sanitary and domestic wastewater at LDPI. The MBR treatment process consists of screening, a
suspended growth biological reactor (similar to conventional activated sludge systems), membrane
filtration to separate and confine solid particles, and disinfection (US EPA, 2007). MBRs have
demonstrated high removal efficiencies for contaminants such as nitrogen, phosphorus, bacteria (e.g.
fecal coliform), biological oxygen demand, and total suspended solids. HAK has indicated an average
daily flow of approximately 5,000 gallons per day (gpd) and a maximum daily flow of approximately
20,000 gpd.

HAK has indicated this would be a contingency discharge. During the first two years of construction,
prior to completion of a disposal well, sanitary and domestic wastewater would be hauled offsite to an
onshore disposal facility. Once the disposal well is available at the LDPI, HAK intends to discharge
the sanitary and domestic wastewater through injection into the disposal well. HAK has requested this
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contingency discharge for those times when the disposal well is not operational due to maintenance or
other issues.

2.1.9.3.2 Potable Water Treatment Reject Wastes (Outfall 001b; Contingency
Discharge)

Potable water reject waste is the residual high-concentration brine produced during the distillation of
seawater. It has a chemical composition and ratio of major ions similar to the influent seawater, but
with significantly higher concentrations.

HAK intends to use vapor-compression/distillation technology to produce potable water at the LDPI.
Seawater is boiled inside a bank of enhanced surface tubes located on one side of the heat transfer
surface. The excess feed water that does not evaporate (blowdown) contains concentrated dissolved
solids and salts (brine) which are nearly twice the concentration of ambient seawater. A continuous
injection of maintenance chemicals would be added during the process. Periodic injection of an acid
and/or descaler would be used to remove mineral buildup in the system. HAK has indicated an
average daily flow of approximately 5,000 gpd and a maximum daily flow of approximately 20,000

gpd.

HAK’s NPDES permit application (December 3, 2016) states that the potable water reject waste
discharge would be a contingency discharge. During the first 2 years of project construction, prior to
Liberty facility installation, potable water would be hauled to the project location from an existing
onshore source. Once the disposal well is available at the LDPI, HAK anticipates comingling the
sanitary and domestic wastewater effluent with the potable water treatment plant effluent, and
discharging both waste streams into the disposal well. HAK has requested this contingency discharge
for those times when the disposal well is not operational due to maintenance or other issues.

2.1.9.3.3 Seawater Treatment Plant Wastewater (Outfall 002; Ongoing
Discharge)

The overall purpose of the seawater treatment plant (STP) is to provide treated seawater for injection
into the petroleum reservoir to maintain formation pressures and allow secondary oil recovery from
production wells. The STP unit operations consist of a desander, coarse strainer, fine media filters,
and a continuous seawater dump that allows seawater to pass through or be shunted for use in
backwashing operations. The operation of the STP results in one continuous discharge through
Outfall 002, which consists of the residual high-concentration brine and filter backwash produced
during the treatment processes at the seawater treatment plant and a small volume of seawater to
transport the solids to the disposal point. It has a chemical composition and ratio of major ions similar
to seawater, but with significantly higher concentrations.

The proposed system has been designed to minimize the discharge of residual chemicals. There
would be an amount (yet to be determined) of sodium hypochlorite discharged directly to the
receiving water during backwash of the coarse and fine filters and some residual coagulant chemicals
that may be used during periods of high suspended sediment load that occur during spring break-up
and during summer storm events. The use of dechlorination is being considered to reduce the amount
of total residual chlorine being discharged to the marine environment. Other chemicals used during
the treatment process such as biocides, oxygen scavengers, scale/corrosion inhibitors, etc. would be
utilized downstream of the filter backwash processes and, therefore, would not be introduced to the
marine discharge, but would be injected as part of the enhanced oil recovery process.

HAK has indicated that the daily maximum discharge from the STP would be approximately 1.1
Million Gallons per Day (MGD) with an average daily discharge rate of 0.94 MGD. The unit
operations have been designed to minimize the frequency of backwashing/flushing, however, the
ultimate frequency for backwash is a function of the solids loading in the feed to the system. If there
is a high solids loading due to sand being sucked into the pump pit (e.g., storm conditions) or there is
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a high concentration of organic material (e.g., algal bloom) the backwash frequency may increase and
the discharge rate and concentration of total suspended solids (TSS) may also increase.

Based on the available background TSS data, the observed spatial and temporal variability, it is
reasonable to assume that average background TSS concentrations near the STP influent pipe may be
approximately 30 mg/L. Furthermore, if it is assumed that all of the incoming seawater solids are
removed, and the average daily discharge rate is 0.94 MGD, then the total combined average effluent
TSS concentration is expected to be approximately 140 milligrams per liter (mg/L). However, given
the potential for variable concentrations of TSS in the receiving water environment due to naturally
occurring seasonal events (e.g. algal blooms, ice break-up, large and sudden sediment loading from
nearby freshwater rivers, and storm surges) and based on limited data from comparable facilities
operating and discharging to the Beaufort Sea, HAK estimates that the average daily TSS
concentration would be 250 mg/L and the maximum daily TSS concentration would be 1,000 mg/L
(Hilcorp, December 2016 NPDES Permit Application).

The STP facility installation on the LDPI would not begin until late in second year or early in the
third year of the project construction, therefore, there would be no discharge of STP effluent until that
time.

2.1.9.3.4 Construction Dewatering Wastewater (Outfall 003; Contingency
Discharge)

Construction dewatering is the removal of water from excavated areas where precipitation and/or
snowmelt water accumulates and hinders the construction activity. Construction dewatering is
primarily related to trenching activities while installing or repairing utilities and pipelines, but may
also be related to other activities such as foundation or vertical support member installations. The
most common methods for dewatering include submersible pumps, wells, well points, and vacuum
trucks for small volumes.

While no flow volume has been specified for construction dewatering activities located at LDPI,
HAK has indicated construction dewatering discharges would be minimal due to the majority of the
project construction occurring during the winter. Construction dewatering may be required on the
island if construction activities such as land farming or facility installation are occurring during the
spring thaw, approximately May to June. When the disposal well is completed, in approximately
Year 3 of project development, construction dewatering effluent would be injected. Therefore,
discharges from construction dewatering activities are expected to occur intermittently during Year 1
through Year 3, at which point the waste stream would be injected into the disposal well.

2.1.9.3.5 Secondary Containment Dewatering Wastewater (Outfall 004;
Contingency Discharge)

Secondary containment areas are diked or bermed areas around hydrocarbon tanks, tank farms, fuel
transfer stations, tanker truck loading racks, and for the storage of non-petroleum chemicals, which
provide an emergency storage area and help to prevent accidental spills from reaching the
environment or nearby receiving waters. These areas are susceptible to rain or snowmelt
accumulation.

HAK has requested authorization to discharge storm water (rainfall and snowmelt) accumulated in
areas of secondary containment (i.e., diked or bermed areas) surrounding tanks and other areas
utilizing secondary containment structures. No flow volume has been specified, but HAK has
indicated that, as with construction dewatering, secondary containment dewatering would be required
primarily during the spring thaw, approximately May to June. Discharge of secondary containment
dewatering may occur during the first two years of construction. Once the disposal well is completed,
in approximately Year 3 of project construction, secondary containment dewatering generated on the
island would be injected. Therefore, discharges from secondary containment dewatering activities are
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expected to occur intermittently during Year 1 through Year 3, at which point the waste stream would
be injected into the disposal well.

2.1.10 USACE Permitting

The following proposed activities would require a permit from under Section 404 of the Clean Water
Act:

o Development of a 25-acre gravel mine site (discharge of fill into jurisdictional wetlands);

e Construction of the tie-in pad, totaling 0.7 acres (discharge of fill into jurisdictional
wetlands);

e Construction of ice road crossing pad, totaling 0.15 acres (discharge of fill into jurisdictional
wetlands);

e Construction of VSMs (footprints) to support the elevated onshore pipeline over 1.5 miles,
totaling 0.03 acres (discharge of fill into jurisdictional wetlands);

e Construction of the pipeline landfall trench, totaling 1.4 acres (discharge of fill into
jurisdictional wetlands); and,

o Construction of the portion of pipeline located within the territorial seas, totaling 4.5 miles
and 33 acres, the discharge of fill below mean high tide in navigable waters (the Beaufort
Sea).

The construction of the 4.5-mile portion (33 acres) of pipeline within the territorial seas is subject to
not only Section 404 of the Clean Water Act jurisdiction, but also to Section 10 of the Rivers and
Harbors Act (RHA).

A Department of the Army permit under Section 10 of the RHA (as extended by section 4(f) of the
Outer Continental Shelf Lands Act of 1953 as amended (43 U.S.C. 1333(e)) would also be required
for the construction of the 24-acre artificial island and 1.1 miles of the pipeline on the OCS. This
work would not be subject to Section 404 of the CWA.

Therefore, the Proposed Action would result in 27.28 acres of impacts subject to Section 404 only
(onshore impacts), 33 acres subject to both Section 404 and Section 10 (territorial seas impacts), and
32 acres subject to Section 10 only (OCS impacts). An Individual Permit would be issued under
Section 404 and Section 10 authorities.

2.1.11 NMFS Permitting

In 1972, Congress enacted the Marine Mammal Protection Act (MMPA), which puts a prohibition on
the take of marine mammals, with certain exceptions; one of which is the issuance of Incidental Take
Authorizations (ITAs) (16 USC 1371, 50 CFR Subpart 1).

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
within a specified geographical region. The MMPA directs the Secretary of Commerce to authorize
the take of small numbers of marine mammals provided that the taking would have a negligible
impact on such species or stock, would 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
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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).”

Given the widespread presence of several species of marine mammals in the Beaufort Sea and the
nature of oil and gas production facility construction and, potentially, operational activities, there is
the potential that some activities associated with HAK’s LDPI may result in the take of marine
mammals incidental to the introduction of noise into the marine environment and ice road
construction activities. Because of the potential for these activities to “take” marine mammals, HAK
has submitted an Incidental Take Authorization (ITA) application to NMFS.

In order to satisfy their NEPA compliance obligations associated with the issuance of an MMPA ITA
for the Liberty DPP, if issued, NMFS has agreed to assist in the preparation of this FEIS as a
cooperating agency pursuant to 40 CFR 1501.6.

NMFS has identified the following alternatives for its own MMPA ITA action:

o NMFS’ Action: Issuance of ITAs under Sections 101(a)(5)(A) or (D) of the MMPA for the
incidental taking of marine mammals during construction and potentially operation of the
LDPI.

o NMFS’ No Action: NMFS would neither promulgate requested regulations nor issue
authorizations under the MMPA relating to the potential taking of marine mammals
incidental to construction and/or operation of the LDPI.

2.2 Alternatives
2.2.1 Alternatives Selection Process

BOEM developed Alternatives by considering public scoping comments, input from Cooperating
Agencies, tribal and ANCSA corporation consultations, previous BOEM (formerly Minerals
Management Service [MMS]) NEPA documents, and current conditions (existing infrastructure and
operations) in North Slope oil and gas development. BOEM evaluated each suggested alternative for
its ability to meet the Purpose and Need, and for technical and economic feasibility. Alternatives
which were “screened out” are described in Section 2.4, Alternatives Considered but Not Carried
Forward for Further Analysis.

The Cooperating Agencies that assisted in the development, screening, and selection of alternatives
for analysis include:

e Bureau of Land Management (BLM)

e Bureau of Safety and Environmental Enforcement (BSEE)

e Environmental Protection Agency (EPA)

o National Marine Fisheries Service (NMFS)

¢ North Slope Borough (NSB)

o Pipeline and Hazardous Materials Safety Administration (PHMSA)

e State of Alaska (SOA)

e U.S. Army Corps of Engineers (USACE)
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e U.S. Coast Guard (USCG)
e U.S. Fish and Wildlife Service (USFWS)
e Inupiat Community of the Arctic Slope (ICAS)

Existing NEPA analyses evaluating North Slope development since the original MMS 2001 Liberty
EIS include the 2012 Point Thomson EIS, NOAA’s 2016 Programmatic EIS concerning Effects of
Oil and Gas Activities in the Arctic Ocean, the 2012 BLM National Petroleum Reserve-Alaska (NPR-
A) EIS, and multiple Environmental Assessments (EAS) for ancillary activities in the Beaufort Sea.

Public Input on Alternatives includes public scoping meetings in Anchorage, Fairbanks, Utqgiagvik
(previously Barrow), Kaktovik, and Nuigsut in November 2015. Comments were also received by
BOEM through www.regulations.gov from September 2015 through March 2016.

BOEM also took public comments on the DEIS during meetings held in Anchorage, Fairbanks,
Utqgiagvik, and Nuigsut during October 2017. BOEM was unable to visit Kaktovik due to poor
weather conditions. Comments were also collected through www.regulations.gov from August 2017
through December 2017.

A comparison of the alternatives is found in Table 2-5 through Table 2-9.

2.2.2 Alternative 1 (Proposed Action)

Under this alternative, BOEM would approve the proposed DPP and authorize HAK to proceed with
the Liberty Project as described in Section 2-1. The Liberty Project would be a self-contained
offshore drilling and production facility located on an artificial gravel island called the LDPI with a
pipeline to shore. Figure 2-16 illustrates the Proposed Action Area.

2.2.3 Alternative 2 (No Action)

Under this Alternative, the Proposed Action would not be approved and the actions described in the
Liberty DPP would not take place. No oil and gas resources would be extracted from the Liberty unit
at this time, and none of the negative or positive impacts that would be attributable to the Proposed
Action would be realized.

Implementation of this alternative would not require any regulatory authorizations or permits from
any of the Cooperating Agencies on this EIS.
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2.2.4 Alternative 3 (Alternate LDPI Locations)

During scoping, BOEM received public comments suggesting the LDPI be relocated in order to avoid
or reduce impacts to Boulder Patch communities. Based upon this input, BOEM requested that HAK
identify possible alternate island locations that maintain the technical feasibility of the project and
either:

1. Minimize impacts to the Boulder Patch from turbidity and sedimentation associated with
construction activities, and/or

2. Move the LDPI and other project components as far from the densest areas of known Boulder
Patch habitat as practicable.

Based on these public comments, responses from HAK, and independent review by BOEM geologists
and petroleum engineers, BOEM developed two sub-alternatives.

The first, Alternative 3A, would relocate the LDPI to a site about 1 mile to the east, which would put
the island approximately one mile further away from the densest areas of the Boulder Patch.

Alternative 3B places the LDPI approximately 1.5 miles closer to shore into State of Alaska waters.
This location is 1.5 miles further away from the densest areas of the Boulder Patch.

For a comparison of the components of Alternative 3A and 3B with the Proposed Action, see Table
2-5 through Table 2-9.

2.2.4.1 Alternative 3A: Relocate LDPI Approximately One Mile to the
East

This alternative would increase the distance of the LDPI from the densest parts of the Boulder Patch
by about 1 mile.

2.2.4.1.1 Winter and Summer Access

Ice road construction activities would remain the same under Alternative 3A as for the Proposed
Action, although the location and length of the ice roads would differ (shown in Figure 2-17). The ice
roads would be approximately 34 miles in total. Summer access would involve the use of the same
marine vessels as described in the Proposed Action. The marine transit route from West Dock to
LDPI (Alternative 3A) is about 26 miles; from Endicott SDI to LDPI (Alternative 3A) is about 8.7
miles.

2.2.4.1.2 Gravel Mine Site Development

Alternative 3A would require more gravel than described in the Proposed Action to construct the
Liberty infrastructure because the water depths at this site are deeper than at the Proposed Action site.
This alternative would require about 1,398,000 cy of gravel to be mined; this would increase the size
of the gravel mine (under the Proposed Action) by 1 acre, to about 26 acres total. This site is a 13-
mile round trip from the proposed gravel mine site, which would require approximately 24 trucks
working for 70 days; trips made per day would increase to accommodate the extra gravel transport
(see Table 2-5 through Table 2-9 for full comparison of alternatives).

2.2.4.1.3 Island Construction

The LDPI would be located in deeper water, about 21 feet, compared to the Proposed Action which is
in water about 19 feet deep and have a sea bottom footprint of about 24.5 acres (0.6 acres larger) to
maintain the proper side slope of the island. The estimated amount of gravel needed for Alternative
3A LDPI would be about 980,000 cy instead of about 929,000 cy for the Proposed Action.
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2.2.4.1.4 Pipeline Construction

Under this alternative, the offshore portion of the pipeline would be moved 1 mile closer to the
Kadleroshilik River Delta. The location of the onshore Badami pipeline tie-in would not be affected
(see Figure 2-17). The pipeline in this alternative would be 7.7 miles long in total, with about 6.2
miles offshore. The resulting trench volume would be approximately 244,000 cy.

Approximately 0.25 mile of this offshore pipeline route would transverse through an area with a 100
percent possibility of overflood occurrence. Overflooding increases the risk of a strudel scour event,
which could cause upheaval buckling (upward bending of the pipeline), wear, and possible pipeline
rupture. Pipeline design changes would be necessary to contend with these risks. For the purpose of
this analysis, BOEM assumes for Alternative 3A that the pipeline would be buried nearly 2 feet
deeper than the Proposed Action pipeline to minimize potential for a strudel scour to contact the
pipeline. This additional depth would require additional time spent excavating. Another potential
design change to prevent strudel scour damage would be to increase the wall thickness of the pipeline
to prevent upheaval buckling.

2.2.4.1.5 Facilities Construction

The surface area and the number/type of facilities located on the LDPI would remain the same as the
Proposed Action.

2.2.4.1.6 Drilling Operations

This alternative would allow the Liberty Reservoir to be accessed and produced through conventional
slant angle wells directionally drilled from the LDPI. The wells would be directionally drilled, with a
plan view distance from the surface well head locations to bottomhole locations of no greater than a
radius of 2.4 miles. The resulting borehole angles through the reservoir section would allow for
standard drilling and completions, but it would increase the borehole angles and measured lengths
through overlying shales and clays. The aggregate change in wellbore path length would reduce the
volume of ultimately recoverable hydrocarbons by 1,152,000 barrels over the life of the field as
compared to the Proposed Action owing to lengthening of producer wellbores draining the most
prolific (northwest) part of the Liberty pool.

2.2.4.1.7 Production Operations and Decommissioning

Production operations and decommissioning under Alternative 3A would remain the same as in the
Proposed Action.

2.2.4.2 Alternative 3B: Relocate LDPI Approximately 1.5 Miles to the
Southwest

This alternative would decrease the distance between the proposed LDPI and the shore by 1.5 miles.
It would also increase the distance of the LDPI from the densest parts of the Boulder Patch by 1.5
miles.

2.2.4.2.1 Winter and Summer Access

Ice road construction activities would remain the same under Alternative 3B as for the Proposed
Action, although the location and length of the ice roads would differ (see Figure 2-18). The ice roads
would be approximately 33 miles in total. Summer access would involve the use of the same marine
vessels as described in the Proposed Action. The marine transit route from West Dock to LDPI
(Alternative 3B) is about 25 miles; from Endicott SDI to LDPI (Alternative 3B) is about 7.6 miles.
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2.2.4.2.2 Gravel Mine Site Development

Alternative 3B would require about 1,297,000 cy of gravel to construct the Liberty infrastructure
compared to about 1,337,000 cy for the Proposed Action. This could decrease the size of the mine site
by about 1 acre, to 24 acres total. This site is a 10-mile round trip from the proposed gravel mine site,
which would require approximately 24 trucks working for 62 days (see Table 2-5 through Table 2-9
for comparison of alternatives).

2.2.4.2.3 Island Construction

The surface area and the number/type of facilities located on the LDPI would remain the same as the
Proposed Action. The LDPI would be located in shallower water than the Proposed Action 17 feet
instead of 19 feet, requiring less gravel, and having a smaller sea bottom footprint, about 23.4 acres
instead of 24 acres to maintain the proper side slope of the island. The estimated amount of gravel
needed for Alternative 3B LDPI would be about 879,000 cy compared to about 929,000 cy for the
Proposed Action.

2.2.4.2.4 Pipeline Construction

This alternative would not alter the location of the onshore Badami pipeline tie-in or the proposed
pipeline route. The offshore pipeline would be 1.5 miles shorter, which would require about 20
percent less construction material (including the pipeline, cathodic bracelets, etc.) and an estimated 8-
14 days less construction time. The resulting trench volume for this alternative would be 177,500 cy
as compared to 491,000 cy for the Proposed Action.

2.2.4.2.5 Facilities Construction

The surface area and the number/type of facilities located on the LDPI would remain the same as the
Proposed Action.

2.2.4.2.6 Drilling Operations

This alternative would increase the length of each wellbore by about 2,850 feet to an average length
of approximately 17,200 feet , as compared to an average wellbore length of approximately 14,350
feet for the Proposed Action. The resulting borehole angles through the reservoir section would allow
for standard drilling and completions; however, this alternative flattens wellbore angles and increases
the measured lengths of open holes through unstable shale formations that are prone to wellbore
collapse. The volume of ultimately recoverable hydrocarbons as compared to the Proposed Action
would be reduced by 1,026,000 barrels over the life of the field owing to lengthening of producer
wellbores draining the most prolific (northwest) part of the Liberty pool.

2.2.4.2.7 Production Operations and Decommissioning

Production operations and Decommissioning under Alternative 3B would remain the same as in the
Proposed Action.

2.2.4.2.8 State Permitting

Under Alternative 3B, the LDPI would be located on State of Alaska submerged lands, meaning
regulatory jurisdiction over certain aspects of the project would shift from the Federal government to
the State of Alaska. This could include, but is not limited to, jurisdiction over air quality, oil spill
response, water quality, underground injection (disposal wells), wastewater treatment, and disposal.
Alternative 3B would also require the operator to acquire a Surface Use Lease from the State of
Alaska prior to constructing the LDPI.
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2.2.4.2.9 EPA Permitting

Under Alternative 3A, EPA’'s NPDES permitting requirements would be the same as those required
under the Proposed Action. Although the locations of the wastewater discharges would change, the
discharges would still occur to federal waters of the United States and are therefore subject to NPDES
permitting requirements under the CWA. Under Alternative 3B, EPA would not have NPDES
permitting authority and would not issue an NPDES permit. Discharges would occur in State waters
and the Alaska Department of Environmental Conservation (ADEC) would be the permitting
authority and the discharges would be subject to an Alaska Pollutant Discharge Elimination System
(APDES) permit.

2.2.4.2.10 USACE Permitting

Under Alternative 3A, the following proposed activities would require a permit from USACE under
Section 404 of the Clean Water Act:

o Development of a 26-acre gravel mine site (discharge of fill into jurisdictional wetlands)
e Construction of the tie-in pad, totaling 0.7 acres (discharge of fill into jurisdictional wetlands)

e Construction of ice road crossing pad, totaling 0.15 acres (discharge of fill into jurisdictional
wetlands)

e Construction of VSMs (footprints) to support the elevated onshore pipeline over 1.5 miles,
totaling 0.03 acres (discharge of fill into jurisdictional wetlands)

e Construction of the pipeline landfall trench, totaling 1.4 acres (discharge of fill into
jurisdictional wetlands)

e Construction of the portion of pipeline located within the territorial seas (as defined under the
CWA to extend 3 miles from shore), totaling 4.9 miles and 35.6 acres (the discharge of fill
below mean high tide in navigable waters [the Beaufort Sea])

The construction of the 4.9 miles portion of pipeline within the territorial seas is subject to not only
Section 404 of the Clean Water Act jurisdiction, but also to Section 10 of the RHA.

A Department of the Army permit under Section 10 of the RHA—as extended by Section 4(f) of the
OCS Lands Act of 1953 as amended [43 U.S.C. 1333(e)]— would also be required for the
construction of the 24.5-acre artificial island and 1.3 miles of the pipeline on the OCS. This work
would not be subject to Section 404 of the CWA.

Therefore, Alternative 3A would result in 2.28 acres of impacts subject to Section 404 only (onshore
impacts), 35.6 acres subject to both Section 404 and Section 10 (territorial seas impacts), and 34 acres
subject to Section 10 only (OCS impacts). An Individual Permit would be issued under Section 404
and Section 10 authorities.

Under Alternative 3B, the following proposed activities would require a permit from USACE because
they would impact waters of the U.S. (WOUS). The following activities are subject to Section 404 of
the CWA:

e Development of a 24-acre gravel mine site (discharge of fill into jurisdictional wetlands)

e Construction of the tie-in pad, totaling 0.7 acres (discharge of fill into jurisdictional wetlands)

e Construction of ice road crossing pad, totaling 0.15 acres (discharge of fill into jurisdictional
wetlands)

e Construction of VSMs (footprints) to support the elevated onshore pipeline over 1.5 miles,
totaling 0.03 acres (discharge of fill into jurisdictional wetlands)
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e Construction of the pipeline landfall trench, totaling 1.4 acres (discharge of fill into
jurisdictional wetlands)

e Construction of the portion of pipeline located within the territorial seas, totaling 4.1 miles
and 29.8 acres (the discharge of fill below mean high tide in navigable waters [the Beaufort
Sea])

e Construction of the Alternate 3B proposed LDPI within the territorial seas, totaling 23.4
acres, (the discharge of fill below mean high tide in navigable waters [the Beaufort Sea])

The construction of the 4.1 miles portion (35.6 acres) of pipeline and the Alternate 3B proposed LDPI
(23.4 acres) within the territorial seas is subject to not only Section 404 of the CWA jurisdiction, but
also to Section 10 of the RHA.

Therefore, Alternative 3B would result in 26.28 acres of impacts subject to Section 404 only (onshore
impacts), and 53.2 acres subject to both Section 404 and Section 10 (territorial seas impacts). An
Individual Permit would be issued under Section 404 and Section 10 authorities.

2.2.5 Alternative 4 (Alternate Processing Locations)

This Alternative has 2 subalternatives. Alternative 4A would move the oil and gas processing
facilities from the LDPI to the existing Endicott Main Production Island (MPI) facilities. Alternative
4B would move oil and gas processing facilities from the LDPI to a new onshore facility. Both of
these subalternatives would be located in areas of existing archaeological surveys.

Both subalternatives match the Proposed Action in that the LDPI would be constructed and house
wells to access the reservoir, and a pipeline would still be necessary to transport fluid to shore. They
differ from the Proposed Action in that fluid transported via pipeline from the LDPI would be an
unprocessed solution of oil, gas, water, and other constituents (termed “3-phase” fluid) as opposed to
processed oil. For a comparison of the components of Alternative 4A and 4B with the Proposed
Action, see Table 2-5 through Table 2-9.

These alternatives were developed as a result of scoping comments suggesting that onshore
processing and power generation may minimize impacts to marine resources and subsistence harvest
practices from on-island equipment noise and vibration.

2.2.5.1 Alternative 4A: Relocate Oil and Gas Processing to Endicott
Facilities
Under this alternative, a 3-phase pipeline would route around the Boulder Patch to Endicott SDI, then

transported along the Endicott Causeway in existing piping to the Endicott MPI. Processing would be
carried out at the Endicott MPI facilities. Drilling activities would remain on LDPI (Figure 2-19).

2.25.1.1 Winter and Summer Access

Ice road construction activities would remain the same under Alternative 4A as for the Proposed
Action. The ice roads would run approximately 35 miles in total. Summer access would involve the
use of the same marine vessels as described in the Proposed Action.

2.2.5.1.2 Gravel Mine Site Development

In this alternative, the mine site would decrease to about 19 acres compared to the 25 acres described
in the Proposed Action. About 1,040,000 cy would be extracted to support Alternative 4A compared
to about 1,337,000 cy described in the Proposed Action. This site is a 13-mile round trip from the
proposed gravel mine site, which would require would require 24 trucks working for 47 days.
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2.2.5.1.3 Island Construction

Relocating the oil and gas processing facilities to Endicott facilities would reduce the work surface
area of the LDPI to 5.4 acres. The seabottom footprint would also decrease to about 17.2 acres. The
LDPI for this alternative would require approximately 622,000 cy of gravel to construct (compared to
about 929,000 cy). The decreased LDPI size would require roughly 18 to 20 days less to construct.

2.25.1.4 Pipeline Construction

In this alternative, the subsea three-phase pipeline bundle would be routed to the west of the LDPI,
around the Boulder Patch, to the Endicott SDI; from that point, existing pipelines would transport the
oil until it reaches the TAPS. This alternative would increase the subsea pipeline length to 7.7 miles
from 5.6 miles under the Proposed Action. The pipeline materials (including the pipeline, cathodic
bracelets, etc.) required would increase by approximately 250 percent.

This alternative would change the design of the pipeline bundle to include:
e A l14-inch diameter pipe-in-pipe 3-phase pipeline
e A 10-inch insulated and concrete coated treated seawater pipeline
e A 6-inch high pressure natural gas pipeline
e Asshielded power cable
e A fiber-optic communications cable

Once the production was brought onto the SDI, the existing piping would be used to transport the
fluid to the MPI. Transportation of natural gas and power back to the island would need the addition
of appropriate means of transport.

These additions to the pipeline bundle would be necessary because natural gas and produced water
would not be separated on-site, and would need to be transported back to LDPI after separation into
single phases. The offshore construction time would increase by 40 to 50 days for the additional
welding required to assemble the pipelines. The pipeline trench depth and trench design would
require additional engineering and calculations to determine the minimum depth of cover and strain
demand of the pipeline due to thaw settlement. The resulting trench volume would be about 292,000
cy.

2.2.5.1.5 Facilities Construction

Endicott was constructed in 1987 with a 25 to 30 year design life and a specific capacity, meaning
that the facility was designed to last until the reservoir was depleted without tremendous changes or
modifications. If Endicott were to process Liberty fluids, the design life of this facility would have to
be more than doubled, as the proposed LDPI also has a proposed design life of 25 to 30 years, and
first production is not expected until the early 2020’s. Extensive work would have to occur at
Endicott to accomplish this increase in design life, particularly in the realm of engineering design and
equipment fabrication and installation. Alternative 4A would require the curtailing of production from
current Endicott wells to enable the Endicott processing facilities to accept Liberty oil, water, and gas
due to processing capacity restrictions at Endicott.

The additional equipment and processing load would also require 10 to 12 additional personnel at the
facility. The expected operational cost (including engineering redesign, additional/modified
equipment, general maintenance of an aging facility) of maintaining Endicott for the design life of
Liberty is estimated to be twice the cost to build and maintain the proposed LDPI.

Endicott is the closest existing oil and gas processing facility to the Liberty reservoir. It is currently
operated by HAK.
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2.2.5.1.6 Drilling Operations

Drilling activities under Alternative 4A would be similar to those described for the Proposed Action.
Additional decommissioning activities would occur on Endicott.

2.2.5.1.7 Production Operations
Sales Oil Conditioning

Oil, gas, and water would be carried in a single pipeline from the LDPI to Endicott SDI, then along
the existing causeway piping to Endicott MPI for processing. The 3-phase fluid would be separated
and treated at the existing Endicott MPI facility.

Key Changes from the Proposed Action

e Equipment such as production modules, custody transfer metering, sale oil pumps, and oil
storage tanks would not be present on LDPI. Instead, additional equipment and facility
upgrades would be required at Endicott to handle the additional flow from the Liberty
reservoir.

e Booster pumps would need to be installed offshore to propel the 3-phase fluid to the Endicott
SDI.

e Methane hydrate inhibition equipment on LDPI would need a larger volume capacity to
prevent hydrate formation in the 3-phase line before reaching Endicott SDI. Hydrates form in
pipelines from mixing of natural gas and water at low temperature and high pressures and can
be a danger if not treated effectively. Liberty’s high carbon dioxide (CO_) content and
presence of hydrogen sulfide (H2S) may make it more susceptible to hydrate formation in a
3-phase stream. Depending on need and the inhibition methods deemed appropriate by the
operator, the following may be necessary:

- Larger capacity fuel-gas fired production heater(s) on LDPI and/or

- Chemical treatment equipment and chemical pipeline (typically methanol) from SDI to
LDPI or constant resupply of chemicals by barge.

e The 12-inch pipe-in-pipe sales oil pipeline would be changed to a 14-inch, 3-phase, pipe-in-
pipe pipeline.
o If Endicott MPI does not process out CO- (which both Endicott and Liberty fields are rich in),

the return gas have limited value as fuel gas, possibly requiring alternate power generation
equipment.

Gas Compression and Treatment

Currently, the Endicott facilities do not have the capacity to support additional produced gas from
Liberty. The additional equipment and processing load would also require an additional 10 to12
operators at the facility. The expected operational cost (including engineering redesign, additional/
modified equipment, general maintenance of an aging facility) of maintaining Endicott for the design
life of Liberty is estimated to be twice the cost to build and maintain the proposed LDPI.

Key Changes from the Proposed Action

Gas processing equipment that would be relocated to Endicott:
o All gas compressor modules
e Vapor recovery module

e Gas dehydration unit, flare boom
e Flare and flare knock out vessel
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e Associated metering
e A 6-inch high pressure natural gas pipeline would be added to the pipeline bundle

Processed natural gas from the Liberty reservoir would be used to provide reinjection gas for pressure
maintenance of the reservoir. Natural gas is also used for gas lift operations, which increase and
maintain maximum economic production and depletion rates.

After processing at Endicott, the produced gas would be compressed in multiple stages and
transported through a high pressure pipeline back to the LDPI to be used as fuel gas, wellbore lift gas,
and reservoir injection gas. The high pressure pipeline would transport approximately 120 million
standard cubic feet per day (MMscfd) of natural gas at approximately 5,000 pounds per square inch
gauge pressure (psig) to the LDPI. As a result of commingled 3-phase production at Endicott, some
processed Liberty natural gas would be used for fuel gas and reinjection in wells at Endicott. Any
Natural Gas Liquids (NGLs) formed in processing at Endicott would be sold as oil through the
Badami pipeline as specified vapor pressure limits allow. Remaining NGLs are blended to become a
miscible injectant that is used in miscible water-alternating-gas (MWAG) enhanced recovery
operations at Endicott, and LDPI.

Seawater Treatment

The existing seawater treatment plant at Endicott would be modified or an additional plant would be
constructed to allow for the additional capacity of water necessary to support Liberty production. At
LDPI the treated seawater will be branched to deliver water to both the Living Quarters Utilities
where it will receive additional treatment for domestic use and to the water injection pumps to
support reservoir waterflooding.

Produced Water Treatment

Reservoir produced water would be separated from production fluids during processing and combined
with the MWAG enhanced recovery operations at Endicott.

Power Generation

For this alternative, power for the offshore LDPI facility would be generated at Endicott. Existing
facilities on Endicott would require upgrades and/or additional generators for the increased demand
for the onshore and offshore power. Natural gas from the comingled (Endicott and Liberty)
production fluid would be used to generate power for both Endicott and Liberty facilities, including
drilling rigs and other equipment.

Key Changes from the Proposed Action

e Power generation equipment to be relocated to Endicott would include power generation
units, switchgear modules, and associated cable trays.

e Asshielded power cable would be added to the pipeline bundle.
2.25.1.8 Decommissioning

Decommissioning activities under Alternative 4A would be similar to those described for the
Proposed Action.

2.2.5.2 Alternative 4B: Relocate Oil and Gas Processing to a New
Onshore Facility

Under this alternative, a new onshore oil and gas processing facility would be constructed near the
Badami pipeline tie-in point (Figure 2-20).
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2.25.2.1 Winter and Summer Access

Ice road construction activities would remain the same under Alternative 4B as for the Proposed
Action. Summer access would involve the use of the same marine vessels as described in the
Proposed Action and a gravel road would be constructed along the Badami pipeline corridor to reach
this facility.

A permanent gravel road would be constructed to support transportation between the new onshore
processing facility and Endicott Road. This gravel road would be about 52 feet wide and nearly 12
miles long, requiring about 720,000 cy of gravel. Additionally, a bridge would be required to span the
East Channel of the Sagavanirktok River as part of this alternative. Additional bridges would likely
be required to allow floodwater passage at swales and flood channels, as well as numerous cross
drainage culverts along the permanent gravel road.

2.2.5.2.2 Gravel Mine Site Development

The combined gravel requirements for the reduced LDPI and additional onshore Liberty Processing
Pad would be about 1,848,800 cy. This would require expanding the gravel mine site to about 35
acres, compared to the 25 acres described in the Proposed Action.

2.2.5.2.3 Island Construction

Relocating the oil and gas processing and produced water treatment to an onshore pad would reduce
the required working surface area of the proposed LDPI. Under Alternative 4B, the working surface
area would be reduced from 9.3 acres for Proposed Action to 6.1 acres. The disturbance to the
seafloor would be reduced from 24 acres for the Proposed Action to 18.4 acres. This island would
require up to 666,000 cy of gravel to construct, as compared to about 929,000 cy for the Proposed
Action. The smaller LDPI would require 15 to 20 days less time to construct.

2.2.5.2.4 Pipeline Construction
In this alternative, the subsea pipeline bundle would maintain the route of the Proposed Action.
This alternative would change the design of the pipeline bundle to include:

e A 14-inch, pipe-in-pipe, 3-phase pipeline;

e A 6-inch high pressure natural gas pipeline;

e Ashielded power cable;

e A fiber-optic communications cable;

e A pipeline to return produced water to LDPI for reinjection; and

e An enlarged outer pipe to house the 14-inch inner pipe.

These changes to the pipeline bundle would increase pipeline materials cost by roughly 50 percent.
The offshore construction time would increase by 10 to 15 days for the additional welding required to
assemble the pipelines. The trench depth and design for this alternative would require engineering and
calculations to determine the minimum depth of cover and strain demand of the pipeline due to thaw
settlement.

2.2.5.2.5 Facilities Construction

In this alternative, oil and gas processing would be conducted at a new facility near the Badami Sales
Oil Pipeline tie-in point. A new production pad would be constructed to host the processing and
power generation equipment relocated from the LDPI. The additional onshore Liberty Processing Pad
would have 3.9 acres of working surface area. The estimated gravel required for construction is
44,800 cy. This onshore Liberty Pad would require about 10 to 12 additional days for construction.
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This new pad would require about 16 to 20 operations personnel in addition to the required 8 to 12
operators offshore.

2.2.5.2.6 Drilling Operations
Drilling activities under Alternative 4B would be similar to those described for the Proposed Action.
2.2.5.2.7 Production Operations

Sales Oil Conditioning

In this alternative, 3-phase production fluid would be comingled into a single pipeline for processing
onshore. After transport to the onshore facility, the 3-phase fluid would be separated and treated in
the same manner as described in the Proposed Action. Sales quality oil would then be metered and
transported via pipeline to the Badami Sales Qil Pipeline tie-in pad where it would mix with oil from
Badami and Point Thomson before entering the TAPS.

Key Changes from the Proposed Action:
e Produced fluid equipment to be located on shore includes production modules, custody
transfer metering, sale oil pumps, and oil storage tanks.
e The 12-inch pipe-in-pipe sales oil pipeline would be changed to a 14-inch, 3-phase, pipe-in-
pipe pipeline.
Gas Compression and Treatment

In this alternative, the produced gas would be compressed in multiple stages at the onshore facility
and transported back to the offshore facility for fuel gas, wellbore lift gas, and reservoir injection gas.
The high pressure pipeline would transport approximately 120 MMscfd of natural gas at
approximately 5,000 psig to the LDPI. Processed natural gas from the Liberty reservoir would
provide reinjection gas for pressure maintenance of the reservoir. This pressure maintenance is
necessary for supporting reservoir management efforts in order to maximize the total economic
recovery of available hydrocarbon liquids. Gas lift operations also require the use of natural gas to
increase and maintain maximum economic production and depletion rates.

Key Changes from the Proposed Action

o Gas processing equipment to be relocated onshore: all gas compressor modules, vapor
recovery module, gas dehydration unit, flare boom, flare knock out pot, and associated
metering.

e A 6-inch high pressure natural gas pipeline would be added to the pipeline bundle.
Produced Water Treatment
The produced water would be treated and routed to the water injection line for reinjection at LDPI.
Key Changes from the Proposed Action

e Produced water equipment to be relocated onshore include water filtration modules, produced
water pumps, and a water storage tank.

Power Generation

Power for the LDPI and the new onshore Liberty Processing Pad would be generated onshore.
Natural gas from the reservoir production stream would be used to generate power for the offshore
and onshore facilities, including drilling rigs and other equipment.
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Key Changes from the Proposed Action

e Additional power requirements would result from duplicate systems for LDPI and the
onshore Liberty Pad processing.

2.2.5.2.8 Decommissioning

Decommissioning activities under Alternative 4B would be the similar as those described for the
Proposed Action. Additional decommissioning activities would occur at the onshore processing
facility.

2.2.5.2.9 EPA Permitting

Under Alternative 4, certain discharges would be transported to the Endicott SDI (Alternative 4A) or
a new onshore production facility (Alternative 4B), both of which are located in or would discharge to
state waters. EPA’s permitting requirements under Alternative 4A would include providing NPDES
permit coverage for the following waste streams discharged from the LDPI into Federal waters:

e Sanitary and domestic wastewater (Outfalls 001a)
o Potable water treatment reject (Outfall 001b)

e Construction dewatering (Outfall 003)
e Secondary containment dewatering (Outfall 004)

All other waste streams would be discharged to state waters and would require APDES coverage from
ADEC.

2.2.5.2.10 USACE Permitting

Under Alternative 4A, the following proposed activities would require a permit under Section 404 of
the CWA:

o Development of a 19-acre gravel mine site (discharge of fill into jurisdictional wetlands)

e Construction of the portion of pipeline located within the territorial seas, totaling 7.1 miles
and 51.6 acres (the discharge of fill below mean high tide in navigable waters [the Beaufort
Sea])

The construction of the 7.1 miles portion of pipeline within the territorial seas is subject to not only
Section 404 of the CWA jurisdiction, but also to Section 10 of the RHA.

A Department of the Army permit under Section 10 of the RWA (as extended by section 4(f) of the
OCS Lands Act of 1953 as amended [43 U.S.C. 1333(e)]) would also be required for the construction
of the 17.2-acre artificial island and 0.6 miles of the pipeline on the OCS. This work would not be
subject to Section 404 of the CWA.

Therefore, Alternative 4A would result in 21.28 acres of impacts subject to Section 404 only (onshore
impacts), 51.6 acres subject to both Section 404 and Section 10 (territorial seas impacts), and 21.6
acres subject to Section 10 only (OCS impacts). An Individual Permit would be issued under Section
404 and Section 10 authorities.

Under Alternative 4B, the following proposed activities would require a permit from the USACE
because they would impact WOUS. The following activities are subject to Section 404 of the CWA:

o Development of a gravel mine site, totaling 35 acres (discharge of fill into jurisdictional
wetlands)

e Construction of an onshore facility, totaling 3.9 acres (discharge of fill into jurisdictional
wetlands)
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e Construction of a gravel road, totaling 76 acres (discharge of fill into jurisdictional wetlands)

e Construction of ice road crossing pad, totaling 0.15 acres (discharge of fill into jurisdictional
wetlands)

e Construction of VSMs (footprints) to support the elevated onshore pipeline over 1.5 miles,
totaling 0.03 acres (discharge of fill into jurisdictional wetlands)

e Construction of the pipeline landfall trench, totaling 1.4 acres (discharge of fill into
jurisdictional wetlands)

o Construction of the portion of pipeline located within the territorial seas, totaling 4.5 miles
and 33 acres (the discharge of fill below mean high tide in navigable waters [the Beaufort
Sea])

The construction of the 4.5-mile portion (33 acres) of pipeline within the territorial seas is subject to
not only Section 404 of the CWA jurisdiction, but also to Section 10 of the RHA.

A Department of the Army permit under Section 10 of the RHA (as extended by Section 4(f) of the
OCS Lands Act of 1953 as amended (43 U.S.C. 1333(e)) would also be required for the construction
of the 18.4-acre artificial island and 1.1 miles (8 acres) of the pipeline on the OCS. This work would
not be subject to Section 404 of the CWA.

Therefore, Alternative 4B would result in 116.48 acres of impacts subject to Section 404 only
(onshore impacts), 33 acres subject to both Section 404 and Section 10 (territorial seas impacts), and
26.4 acres subject to Section 10 only (OCS impacts). An Individual Permit would be issued under
Section 404 and Section 10 authorities.

2.2.6 Alternative 5 (Alternate Gravel Sources)

Alternatives 5A and 5B consider different proposed gravel mine site locations. (Figure 2-21 and
Figure 2-22). A third site suggested during scoping, the Duck Island Mine site, was considered as
Alternative 5C in the Draft Environmental Impact Statement (DEIS) but has been dismissed from
analysis in this FEIS because it is no longer considered to be a feasible alternative. Additional
information received from cooperating agencies indicate that the Duck Island Mine Site is currently
flooded and unlikely to contain enough usable material.

These subalternatives were developed in response to scoping comments suggesting BOEM analyze an
alternate location for the proposed West Kadleroshilik River Mine Site #1 to minimize impacts to
migratory birds, wetlands, fish used for subsistence purposes, and other resources. BOEM conducted
a thorough review of existing technical and survey information and based on this review identified
two reasonable alternate locations.

For a comparison of the components of Alternative 5A and 5B with the Proposed Action, see Table
2-5 through Table 2-9.

2.2.6.1 Alternative 5A: East Kadleroshilik River Mine Site #2

2.2.6.1.1 Winter and Summer Access

Ice road construction activities would remain the same under Alternative 5A as for the Proposed
Action, though the location and length would differ. The ice roads would run approximately 34 miles
in total. Summer access would involve the use of the same marine vessels as described in the
Proposed Action.
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Alternative 5: Alternate Mine Site Locations, Overview
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2.2.6.1.2 Gravel Mine Site Development

This site lies about 2 miles inland from the coast on an isolated area of high ground immediately east
of the Kadleroshilik River. It is outside of the active floodplain. This alternative would require an ice
road (not included in the Proposed Action) with a river crossing.

Alternative 5: Alternate Mine Site Locations, Detail
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Geotechnical information has not been collected for this specific area. However, nearby areas have
shown sandy gravel with fines content of 12 percent, ranging from 15 feet to 40 feet in the
subsurface; the first 15 feet is considered overburden.

This location is about a 13-mile round trip from the LDPI. This alternative would require 24 trucks
working over a period of 70 days.

2.2.6.1.3 Island, Pipeline, and Facilities Construction, Drilling and Production
Operations, and Decommissioning

These activities would remain the same under Alternative 5A as for the Proposed Action.

2.2.6.2 Alternative 5B: East Kadleroshilik River Mine Site #3
2.2.6.2.1 Winter and Summer Access

Ice road construction activities would remain the same under Alternative 5B as for the Proposed
Action, though the location and length would differ. The ice roads would run approximately 34 miles
in total. Summer access would involve the use of the same marine vessels as described in the
Proposed Action.

2.2.6.2.2 Gravel Mine Site Development

This site is near the coast (approximately 0.5 miles), is of adequate elevation to avoid seawater
inundation, but is at greater risk for coastal erosion. This alternative would require an additional ice
road (not included in the Proposed Action) with a river crossing.

Geotechnical information has not been collected for this specific area. However, nearby areas have
shown sandy gravel with fines content of 12 percent, ranging from 15 feet to 40 feet in the
subsurface; the first 15 feet is considered overburden.

This location is about a 13-mile round trip from the LDPI. This alternative would require 24 trucks
working over a period of 70 days.

2.2.6.2.3 Island, Pipeline, and Facilities Construction, Drilling and Production
Operations, and Decommissioning

These activities would remain the same under Alternative 5B as for the Proposed Action.
2.2.6.2.4 EPA Permitting

EPA’s permitting requirements under Alternative 5 are identical to the Proposed Action.
2.2.6.2.5 USACE Permitting

Both Alternative 5A and 5B would generally result in about 27.28 acres of impacts subject to Section
404 only (onshore impacts to WOUS), 33 acres subject to both Section 404 and Section 10 (territorial
seas impacts), and 32 acres subject to Section 10 only (OCS impacts). An Individual Permit would be
issued under Section 404 and Section 10 authorities.

2.3 Preferred Alternative

The preferred alternative is the Proposed Action (Alternative 1) because it best fulfills BOEM's
statutory mission and responsibilities, giving consideration to economic, environmental, technical and
other factors.
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2.3.1 Alternative Comparison Tables

All values within these tables are approximate and represent BOEM’s conservative assumptions based on HAK’s multiple Federal and State applications, and
input from the Cooperating Agencies.

Table 2-5 Alternatives Comparison Table, Onshore Activities
. . Mining Truck Trips Onshore Gravel Onshore Pipeline (miles)
Al Ie2 Reges v bine (approximate) Pads and Roads / VSMs (acres)
Acres: 25 Ice Road Crossing: 1,500 cy

Alternative 1
(Proposed Action)

Annual Ice Road: 1
Construction Ice Roads: 3

Depth: 46 — 60 feet

Site: East Kadleroshilik Mine
Site #1

Material Volume: 1,337,000 cy

Trucks: 24
Days: 70
Trip Distance (mi): 13

(0.15 acres)

Tie-In Pad: 3,500 cy (0.70
acres)

Pipeline Landfall: 5,000 cy
(1.4 acres)

1.5/0.03

Alternative 2
(No Action)

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Alternative 3A
(Relocate LDPI approximately
1 mile to the east)

Annual Ice Road: 1
Construction Ice Roads: 3

Ice roads change length &
course.

Acres: 26

Depth: 46 — 60 feet

Site: East Kadleroshilik Mine
Site #1

Material Volume: 1,398,000 cy

Trucks: 24
Days: 70
Trip Distance (mi): 13

Ice Road Crossing: 1,500 cy
(0.15 acres)

Tie-In Pad: 3,500 cy (0.70
acres)

Pipeline Landfall: 5,000 cy
(1.4 acres)

Same as Alternative 1

Alternative 3B
(Relocate LDPI approximately
1.5 miles to the southwest)

Annual Ice Road: 1
Construction Ice Roads: 3

Ice roads change length &
course.

Acres: 24

Depth: 46 - 60 feet

Site: East Kadleroshilik Mine
Site #1

Material Volume: 1,297,000 cy

Trucks: 24
Days: 62
Trip Distance (mi): 10

Ice Road Crossing: 1,500 cy
(0.15 acres)

Tie-In Pad: 3,500 cy (0.70
acres)

Pipeline Landfall: 5,000 cy
(1.4 acres)

Same as Alternative 1

Alternative 4A
(Relocate Oil and Gas
Processing to Endicott)

Annual Ice Road: 1
Construction Ice Roads: 3

Ice roads change length &
course.

Acres: 19

Depth: 46 — 60 feet

Site: East Kadleroshilik Mine
Site #1

Material Volume: 1,040,000 cy

Trucks: 24
Days: 47
Trip Distance (mi): 13

None

None

Alternative 4B

(Relocate Oil and Gas
Processing to a New Onshore
Facility)

Annual Ice Road: 1
Construction Ice Roads: 3

Ice roads change length &
course.

Acres: 35

Depth: 46 — 60 feet

Site: East Kadleroshilik Mine
Site #1

Material Volume: 1,848,000 cy

Trucks: 24
Days: 51
Trip Distance (mi): 12

Onshore Facility: 44,800 cy
(3.9 acres)

Ice Road Crossing: 1,500 cy
(0.15 acres)

Pipeline Landfall: 5,000 cy
(1.4 acres)

Gravel Road: 720,000 cy
(76 acres)

Same as Alternative 1

Alternative 5A
(East Kadleroshilik River Mine
Site #2)

Annual Ice Road: 1
Construction Ice Roads: 3

Ice roads change length &
course.

Acres: 25

Depth: 42 — 60 feet

Site: East Kadleroshilik Mine
Site #2

Material Volume: 1,337,000 cy

Trucks: 24
Days: 70
Trip Distance (mi): 13

Ice Road Crossing: 1,500 cy
(0.15 acres)

Tie-In Pad: 3,500 cy (0.70
acres)

Pipeline Landfall: 5,000 cy
(1.4 acres)

Same as Alternative 1

Alternative 5B
(East Kadleroshilik River Mine
Site #3)

Annual Ice Road: 1
Construction Ice Roads: 3

Ice roads change length &
course.

Acres: 25

Depth: 42 — 60 feet

Site: East Kadleroshilik Mine
Site #3

Material Volume: 1,337,000 cy

Trucks: 24
Days: 70
Trip Distance (mi): 13

Ice Road Crossing: 1,500 cy
(0.15 acres)

Tie-In Pad: 3,500 cy (0.70
acres)

Pipeline Landfall: 5,000 cy
(1.4 acres)

Same as Alternative 1
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Table 2-6 Alternatives Comparison Table, Offshore Activities
Pipeline L
A N Pipeline,
Alternative Island (LDPI) FaC|I|t|es_ & SUBIBTS Pipeline BRI T oCs
(on island) seas

(miles)(acres)

(miles)(acres)

Alternative 1
(Proposed Action)

Surface (acres): 9.3
Subsea (acres): 24
Water Depth (feet): 19
Material Volume:
929,000 cy

Processing facilities; Produced water treatment; Seawater treatment;
Power generation; Communications facilities; Living quarters;
Warehouse/Shop space; Vehicle Storage; General Storage Space;
Heavy Equipment Storage; Helipad; Process Controls room; Bulk fluid
storage; Fuel gas system; Instrument and utility air system; Chemical
Injection Facilities; Pollution Prevention Equipment; Process heat
recovery system and, Storage tanks

Offshore (mi): 5.6

Offshore (depth, feet): 9 - 13
Onshore (mi): 1.5

Total length (mi): 7.1

Design: 16-inch outer pipe, 12-
inch inner pipe, 4-inch utility pipe
and fiber optic cable

4.5 (33)

1.1 (8)

Alternative 2
(No Action)

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Not Applicable

Alternative 3A
(Relocate LDPI

Surface (acres): 9.3
Subsea (acres): 24.5

Offshore (mi): 6.2

Onshore (mi): 1.5

Total length (mi): 7.7

Design: 16-inch outer pipe, 12-

Processing to a New
Onshore Facility)

Water Depth (feet): 19
Material Volume:
666,000 cy

Offshore: Seawater treatment; Power generation; Communications
facilities; Living quarters; Warehouse/Shop space; Vehicle Storage;
General Storage Space; Heavy Equipment Storage; Helipad; Process
Controls room; (less) Bulk fluid storage; Fuel gas system; Instrument and
utility air system; Chemical Injection Facilities; Pollution Prevention
Equipment; and, Storage tanks

Design: 16-inch outer pipe, 14-
inch inner pipe, 6-inch natural
gas pipeline, power cable and
fiber optic cable

Approximately 1 mile Water' Depth (fe(.et): 21 | Same as Alternative 1 inch i_nner pipe, 4-inch utility pipe | 4.9 (35.6) 1.3(9.5)
to the east) Material Volume: and fiber optic cable
980,000 cy
Pipeline buried about 2 feet
deeper.
Alternative 3B Surface (acres): 9.3 Offshore (m!): 4.1
; Onshore (mi): 1.5
(Relocate LDPI Subsea (acres): 23.4 Total length (mi): 5.6
approximately 1.5 Water Depth (feet): 17 | Same as Alternative 1 Design: 16-inch buier pipe, 12- 4.1 (29.8) 0(0)
miles to the Material Volume: inch inﬁer ine 4-inch utilif ine
southwest) 879,000 cy ' PIPE, ypip
and fiber optic cable
Onshore: Processing facilities; Produced water treatment Offshore (mi): 7.7
Alternative 4A Surface (acres): 5.4 Off;_h_ore: Sqawater treatment; Power generation; Communications Onshore (mi): 1_.5
(Relocate Oil and Gas Subsea (acres): 17.2 facilities; Living quarters; Warehousg/Shop space; Vehlqle Storage; Total Iength' (mi): 9.2 '
Processing to Water_ Depth (feet): 19 | General Storage Space; Heayy Equipment Storage; Helipad; Process !De5|gn: 14—|nch_out_er pipe, 10- 7.1 (51.6) 0.6 (4.4)
Endicott) Material Volume: Controls room; (less) Bulk fluid storage; Fuel gas system; Instrument and | inch seawater pipeline, 6-inch
622,000 cy utility air system; Chemical Injection Facilities; Pollution Prevention natural gas pipeline, power cable
Equipment; and, Storage tanks and fiber optic cable
Onshore: Processing facilities; Produced water treatment; Power
generation; Communications facilities; Living quarters; Warehouse/Shop
space; Vehicle Storage; General Storage Space; Heavy Equipment Offshore (mi): 5.6
. Storage; Helipad; Process Controls room; Bulk fluid storage; Fuel gas kb
. Surface (acres): 6.1 : L . . o e Onshore (mi): 1.5
Alternative 4B Subsea (acres): 18.4 system; Instrument and utility air system; Chemical Injection Facilities; Total length (mi): 7.1
(Relocate Oil and Gas LNy Pollution Prevention Equipment; and, Storage tanks - Same as Same as

Alternative 1

Alternative 1

Alternative 5A
(East Kadleroshilik
River Mine Site #2)

Same as Alternative 1

Same as Alternative 1

Same as Alternative 1

Same as
Alternative 1

Same as
Alternative 1

Alternative 5B
(East Kadleroshilik
River Mine Site #3)

Same as Alternative 1

Same as Alternative 1

Same as Alternative 1

Same as
Alternative 1

Same as
Alternative 1

Proposed Action and Alternatives
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Table 2-7

Alternatives Comparison Table, Operations and Decommissioning

Alternative

Drilling Operations

Production Operations

Decommissioning

Alternative 1
(Proposed Action)

Producer Wells: 5-8

Injection Wells (water/gas): 4-6
Disposal Wells: 2 disposal wells
Average Well Length (feet): 14,350

Routine Production Operations; Routine Equipment
Maintenance; Major Overhauls, Major Inspections;
Unscheduled Equipment Maintenance; Plant Turnarounds

Project Life (years): 15-20

Pipeline: Cleaned, plugged and left in place.
Island: Protective covering removed, left to
erode

Alternative 2
(No Action)

Not Applicable

Not Applicable

Not Applicable

Alternative 3A
(Relocate LDPI Approximately 1 mile
to the east)

Producer Wells: 5-8

Injection Wells (water/gas): 4-6
Disposal Wells: 2 disposal wells
Average Well Length (feet): 13,600

Same as Alternative 1

Same as Alternative 1

Alternative 3B
(Relocate LDPI approximately 1.5
miles to the southwest)

Producer Wells: 5-8

Injection Wells (water/gas): 4-6
Disposal Wells: 2 disposal wells
Average Well Length (feet): 17,200

Same as Alternative 1

Same as Alternative 1

Alternative 4A
(Relocate Oil and Gas Processing to
Endicott)

Same as Alternative 1

Routine Production Operations; Routine Equipment
Maintenance; Major Overhauls, Major Inspections;
Unscheduled Equipment Maintenance; Plant Turnarounds

Additional decommissioning would occur on
Endicott

Alternative 4B
(Relocate Oil and Gas Processing to a
New Onshore Facility)

Same as Alternative 1

Routine Production Operations; Routine Equipment
Maintenance; Major Overhauls, Major Inspections;
Unscheduled Equipment Maintenance; Plant Turnarounds

Additional decommissioning would occur at new
onshore facility

Alternative 5A
(East Kadleroshilik River Mine Site #2)

Same as Alternative 1

Same as Alternative 1

Same as Alternative 1

Alternative 5B
(East Kadleroshilik River Mine Site #3)

Same as Alternative 1

Same as Alternative 1

Same as Alternative 1
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Table 2-8

Alternatives Comparison Table, Permitting Summaries

Alternative

USACE Impacts & Permitting?*

EPA Permitting

BSEE Permitting

NMFS Permitting

Alternative 1
(Proposed Action)

The Proposed Action would result in 27.28 acres subject to Section 404 only (onshore impacts), 33
acres subject to both Section 404 and Section 10 (territorial seas impacts), and 32 acres subject to
Section 10 only (OCS impacts). An Individual Permit would be issued under Section 404 and Section
10 authorities.

Issue an NPDES
permit for five
requested waste
streams

Platform approval, issue
APDs, Prod. Safety
Systems.

Issue incidental take
authorizations (ITAs) for
take of marine mammals.

Alternative 2
(No Action)

No permit issued

No permit issued

No plans, permits or
grants approved

No ITA for marine
mammals issued.

Alternative 3A
(Relocate LDPI
Approximately 1
mile to the east)

This alternative would result in 28.28 acres subject to Section 404 only (onshore impacts), 35.6
acres subject to both Section 404 and Section 10 (territorial seas impacts), and 34 acres subject to
Section 10 only (OCS impacts). An Individual Permit would be issued under Section 404 and Section
10 authorities.

Same regulatory
process as
Alternative 1

Same regulatory process
as Alternative 1

Same regulatory process
as Alternative 1

Alternative 3B
(Relocate LDPI
approximately 1.5
miles to the
southwest)

This alternative would result in 26.28 acres subject to Section 404 only (onshore impacts), and 53.2
acres subject to both Section 404 and Section 10 (territorial seas impacts). An Individual Permit
would be issued under Section 404 and Section 10 authorities.

Same as Alternative 2;
ADEC would be the
permitting authority

Same regulatory process
as Alternative 1

Same regulatory process
as Alternative 1

Alternative 4A
(Relocate Oil and
Gas Processing to
Endicott)

This alternative would result in 21.28 acres subject to Section 404 only (onshore impacts), 51.6
acres subject to both Section 404 and Section 10 (territorial seas impacts), and 21.6 acres subject to
Section 10 only (OCS impacts). An Individual Permit would be issued under Section 404 and Section
10 authorities.

Issue a NPDES permit
for four waste streams
to federal waters;
ADEC is the permitting
authority for discharges
from the STP to state
waters.

Same regulatory process
as Alternative 1

Same regulatory process
as Alternative 1

Alternative 4B
(Relocate Oil and
Gas Processing to a
New Onshore
Facility)

This alternative would result in 116.48 acres subject to Section 404 only (onshore impacts), 33 acres
subject to both Section 404 and Section 10 (territorial seas impacts), and 26.4 acres subject to
Section 10 only (OCS impacts). An Individual Permit would be issued under Section 404 and Section
10 authorities.

Same regulatory
process as
Alternative 4A

Same regulatory process
as Alternative 1

Same regulatory process
as Alternative 1

Alternative 5A
(East Kadleroshilik
River Mine Site #2)

The size of the material site, and hence the acres of wetlands impacted due to the site’'s
development may differ depending on amount and quality of gravel at the site. Impacts for this
alternative are generally the same as Alternative 1.

Same regulatory
process as
Alternative 1

Same regulatory process
as Alternative 1

Same regulatory process
as Alternative 1

Alternative 5B
(East Kadleroshilik
River Mine Site #3)

The size of the material site, and hence the acres of wetlands impacted due to the site’'s
development may differ depending on amount and quality of gravel at the site. Impacts for this
alternative are generally the same as Alternative 1.

Same regulatory
process as
Alternative 1

Same regulatory process
as Alternative 1

Same regulatory process
as Alternative 1

1 Onshore impacts include the gravel mine site, tie-in pad, ice road crossing pad, VSMs footprints, pipeline landfall trench and construction of onshore processing facilities (as applicable). Territorial seas impacts include the
construction located within territorial seas. OCS impacts include construction within OCS waters.
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Table 2-9 Alternatives Comparison Table, Key Changes from the Proposed Action
Alternative V\gg'trﬁ%aer:d Gravseiltel\/llne Island Pipeline Facilities Drilling Production Decommissionin
Construction Construction Construction Operations Operations 9
Access Development
AIternapve 2 No Action No Action No Action No Action No Action No Action No Action No Action
(No Action)
Alternative 3A More gravel Larger island Longer pipeline
(Relocate LDPI Ice roads change 9 d | f % f ' 9¢ php h, Same as Proposed I Same as Proposed |Same as Proposed
Approximately 1 mile to the |length and course extracted; larger urther from transits throug Action Longer wells Action Action
east) mine site Boulder Patch strudel scour zone
Alternative 38 Less gravel Smaller island,

(Relocate LDPI
approximately 1.5 miles to
the southwest)

Ice roads change
length and course

extracted; smaller
mine site

further from the
Boulder Patch

Shorter pipeline

Same as Proposed
Action

Longer and more
complex wells

Same as Proposed
Action

Same as Proposed
Action

Alternative 4A
(Relocate Oil and Gas
Processing to Endicott)

Ice roads change
length and course

Less gravel
extracted, smaller
mine site

Smaller island

Longer pipeline in
close proximity to
Boulder Patch

Less construction on
island, significant
modifications to
Endicott facilities

Same as Proposed
Action

Significant changes
since processing
facilities on Endicott

Additional work due
to Endicott facilities

Alternative 4B
(Relocate Oil and Gas
Processing to a New
Onshore Facility)

Ice roads change
length and course
A new 12-mile
gravel road and
bridges are
required

More gravel
extracted; larger
mine site

Smaller island

3-phase pipeline

Less construction on
island, additional
onshore facilities

Same as Proposed
Action

Significant changes
since processing
facilities onshore

Additional work due
to onshore facilities

Alternative 5A
(East Kadleroshilik River
Mine Site #2)

Ice roads change
length and course

Different mine site
location

Same as
Proposed Action

Same as Proposed
Action

Same as Proposed
Action

Same as Proposed
Action

Same as Proposed
Action

Same as Proposed
Action

Alternative 5B
(East Kadleroshilik River
Mine Site #3)

Ice roads change
length and course

Different mine site
location

Same as
Proposed Action

Same as Proposed
Action

Same as Proposed
Action

Same as Proposed
Action

Same as Proposed
Action

Same as Proposed
Action
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2.4 Alternatives Considered but Not Carried Forward for Further
Analysis

Several potential alternatives suggested during scoping are not considered for detailed study in this
FEIS because they are not reasonable alternatives as defined under NEPA. An EIS need not consider
every conceivable alternative to a project; rather, an EIS fosters informed decision making when it
considers a reasonable range of technically and economically feasible alternatives.

2.4.1 Ultra Extended-Reach Drilling (UERD)

In 2007, BP Exploration Alaska (BPXA) proposed to develop the Liberty Prospect by means of ultra
extended-reach drilling (UERD) from the Endicott SDI. Recognizing that an uERD project of this
length in the Arctic would be unprecedented, British Petroleum Exploration (Alaska) (BPXA)
proposed to first drill a single UERD well to ensure such drilling was feasible before committing to
this method for the entire project. The uERD approach required the design and construction of a new
specialized drilling rig. After preparing an environmental assessment (USDOI, MMS, 2007a) and
issuing a Finding of No Significant Impact (FONSI), MMS approved the DPP, thereby authorizing
BPXA to proceed with their intended development approach. In June 2012, BPXA indicated that the
new drilling rig still required substantial modifications to be functional and ultimately concluded in a
November 20, 2012, letter to the BSEE that the uUERD “concept was not the safest or most
environmentally responsible course of development.” No further development actions occurred at the
Liberty prospect under BPXA's DPP.

During scoping, Cooperating Agencies on this EIS suggested uERD as a potential alternative method
for developing the Liberty Prospect, instead of constructing an artificial island in the Beaufort Sea.
BOEM re-evaluated the feasibility of using uERD technology from two locations: Endicott SDI, or
from the onshore site nearest the Liberty reservoir. BOEM’s analysis utilized the following
methodologies:

2.4.1.1 Technical Feasibility
1. Identify the technical challenges associated with UERD projects.

2. ldentify the technical capabilities of existing UERD equipment on the Alaska North Slope as
well as globally.

3. Determine if uERD development of the Liberty Prospect can be achieved using existing
technology.

2.4.1.2 Economic Feasibility

1. Estimate the volume of resources that would be recovered from the Liberty Prospect if an
UERD approach were used.

2. Estimate the commissioning costs of an UERD development concept at Liberty.

3. Compare the cost to recovery ratio of a Liberty uERD project with the cost to recovery ratios
associated with other relevant projects.

Based on the findings of this feasibility analysis, BOEM determined that UERD is not a technically
feasible manner of developing the Liberty prospect, because:

e An uERD approach to developing Liberty would require drilling highly deviated wells of
unprecedented length. Wellbores drilled from the Endicott SDI or an onshore location would
extend almost a mile beyond the existing world record of 40,602 feet for the longest wellbore.
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e Technical challenges, including configuring drilling mud, hydraulics, casing strings up to
four times as long as a standard well drilled at the reservoir, and other systems are beyond the
capabilities of existing drill rigs.

BOEM's analysis also suggested that an UERD approach may not be economically feasible or capable
of complying with BOEM regulatory requirements concerning sound conservation practices and
protecting the rights of the lessor. A reservoir simulation performed by BOEM Resource Evaluation
Program Office (RE) comparing the unchoked primary oil production of a well drilled at Liberty to
that of an ultra-extended reach drilled well from Endicott indicated that additional uERD wells would
need to be drilled to achieve the same production rate at Liberty. Additional uERD wells would need
to be drilled to offset the higher frictional losses induced by the longer pipe lengths and larger cross-
sectional area of the wellbore.

Subsequent to BOEM’s publication of the Draft EIS, a new world-record setting UERD well was
drilled by the Sakhalin-1 Consortium. Information on how this new record was achieved is
proprietary to the Consortium and not available to BOEM. The technical and economic circumstances
of expanding drilling at the Sakhalin development are also very different than those for commencing
development at the Liberty Prospect. As such, recent events at Sakhalin do not alter BOEM’s
conclusions concerning the feasibility of UERD at the Liberty Prospect.

Because an UERD approach to developing the Liberty Project is not technically feasible and does not
appear to be economically feasible, BOEM does not consider it a “reasonable” alternative, and this
approach is not carried forward for full analysis in the EIS.

2.4.2 Other Alternate LDPI Locations

Some commenters suggested during the public comment period that BOEM analyze other alternative
LDPI locations, including a location 3 miles offshore, or a location as far southwest as possible, as a
means to mitigate potential impacts to Nuigsut whalers. These alternative locations are within the
range of the Alternative LDPI and production (and power generation) locations already analyzed:
Alternate LDPI locations are thoroughly examined in Alternative 3 (see Section 4.2.1 for more detail
about the technical and safety issues associated with Alternate LDPI locations). Overall, alternate
LDPI locations would place the island in potentially unstable sediments, increase borehole lengths
(which amplifies drilling risks or may result in technically infeasible drilling distances), and reduce
the volume of ultimately recoverable hydrocarbons over the life of the field as compared to the
Proposed Action. Alternatives 4A and 4B consider the impacts of processing and or power generation
at the existing Endicott Main Production Island or at a new onshore production facility. These
alternatives would require pipelines to run through areas of unstable sediments and 100% strudel
scour, which would result in pipeline damage. See Section 4.2.1 of this FEIS for more detail about the
potential impacts of relocating production and power generation.

2.4.3 Horizontal Directional Drilling (HDD) Pipeline Landfall

The Proposed Action includes a pipeline to be installed via a trench from LDPI through the
beachhead/dune and into the tundra, where it would surface and be elevated on VSMs. The landfall
area would be reinforced with gravel, and thermosyphons would be installed to prevent
thermokarsting (very irregular surfaces of marshy hollows and small hummocks formed as ice-rich
permafrost thaws) and beach erosion in the area of the pipeline crossing (see Section 2.1.4 for more
detail).

During scoping, it was suggested that BOEM evaluate an alternative whereby HDD, rather than
trenching, would be used to transition between the onshore and offshore portions of the pipeline. This
stated purpose behind this suggestion was to avoid/minimize coastal erosion and maintain the
integrity of the beachhead/dune.
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As an initial matter, BOEM notes that it does not expect the Liberty pipeline landfall to encourage
coastal erosion. This expectation is based on BOEM’s independent review of the proposed project as
well as similar projects. For instance, coastal erosion rates at the Northstar Project’s pipeline landfall,
which was installed using similar trenching techniques, remain within the range of natural erosion
observed prior to construction. The Liberty site is also more protected from storm surge by the Foggy
Island Bay barrier islands and shoals, which further decreases the likelihood for any project-induced
erosion. Meanwhile, BOEM finds that comparisons between the proposed Liberty pipeline landfall
and the Badami pipeline’s Sagavanirktok River crossing (where erosion has been observed) are not
appropriate, due to dissimilarities in project specification and local environmental processes (i.e.
riverine erosion versus shoreline erosion).

BOEM nevertheless assessed the feasibility of an HDD pipeline landfall. BOEM analysts identified
the technical challenges of HDD projects in part by reviewing similar projects based on location,
permafrost conditions, oceanic shoreline location, winter and/or ice conditions, borehole length and
pipeline diameter. BOEM found that an HDD project of the type described during scoping would not
be based on, or in accordance with, any typical HDD project. HDD for the pipeline landfall would
need to begin several hundred feet offshore and extend to at least 0.25 miles onshore. Shore
approaches using HDD are more complex than typical surface-to-surface HDD installations. HDD
projects in Alaska have been installed onshore from surface-to-surface installations (e.g., Colville
River pipeline crossing), but not from shore to sea. A schematic drawing of a possible offshore to
onshore HDD is shown on Figure 2-23.

To Liberty Island To Badami Tie-In Point
_—

Exit Pad

(on landfast ice)

Entry Pad

Figure 2-23 Schematic Depicting a Possible HDD Alternative for the Liberty Project

The primary challenges/risks of an offshore to onshore HDD at this site include:

o Exit site (offshore). Placing the pipeline in summer (as proposed) would require storing the
pipe offshore or on a barge. If stored offshore, it would be laid on the ocean floor, and an
onshore anchoring and an offshore “pulling barge” would be needed to winch the pipe
through the borehole from sea to land. Storing the pipe on a barge and winching it from the
barge to the land is not feasible because the water depth is too shallow for a pipe-laying barge
to operate. A possible method, although it would be experimental, would be to construct the
borehole in winter from two stable surfaces (land and landfast ice).

o Entry and exit elevation. HDD entry and exit points should be as close to the same elevation
as possible. For an HDD at this location, the difference in entry and exit elevations would
range from 25 to 35 feet. While HDD is possible with this difference in elevation, the risk of
pipe rupture increases.
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e Thermoregulation of soils. For the HDD alternative, the pipeline would be drilled through
permafrost soils, with no gravel backfill. Thus, the HDD pipeline and its associated heat
would directly contact native soils. It is anticipated that this would result in greater
permafrost thawing and associated subsidence, increasing risk of pipeline rupture/buckling.

e Other technical issues. With a 16-inch pipe-in-pipe design, the Liberty pipeline would be
largest HDD project attempted in Alaska. The large diameter increases the risk of hydraulic
fracture and wellbore collapse.

A project of this nature has not been completed previously, and BOEM does not foresee how the
difficulties associated with the shore approaches and the lack of an acceptable exit site could be
overcome for this project. The compounding risks from potential hydraulic fracture and borehole
collapse, and the presence of permafrost in the nearshore environment further contribute to a
determination that using HDD is not a technically feasible approach for this project. Even if HDD
were feasible, it would be a technically inferior engineering solution, given that the inability to
surround the pipeline with thaw-stable materials would likely result in thawing of local permafrost
and subsidence which could compromise the structural integrity of the Liberty pipeline. Due to
technically infeasibility and heightened (rather than reduced) erosion concerns, BOEM does not
consider an HDD pipeline landfall to be a reasonable alternative, and this approach is not carried
forward or further analyzed in the EIS.

2.4.4 OCS Gravel Mining and Summer LDPI Construction

An alternative suggested during public scoping was to use gravel mined from the Federal OCS seabed
to construct the LDPI during the open-water season. The commenter stated that there are several
months of open-water conditions that could allow the project to be built with marine support rather
than using ice roads. Constructing the LDPI using gravel mined from the OCS would eliminate much
(but not all) of the project’s need for onshore gravel. This concept is not considered a reasonable
alternative warranting further analysis in the EIS, for the following reasons:

First, the technical and economic feasibility of this alternative is speculative. It is unknown whether
the Beaufort Sea OCS (or other portions of the Alaska OCS) features a suitable gravel source. Also,
the costs and environmental impacts of dredging and barging this gravel to the LDPI site would far
exceed those from mining and trucking gravel from the proposed onshore mine located less than 10
miles away.

Second, this alternative fails to meet the Purpose and Need for the proposed action. Requiring HAK
to use gravel mined from the OCS would delay project implementation for several years. One or more
open-water seasons of geological and geophysical surveying would be required to identify potential
gravel sources. Mining rights must then be offered in a competitive lease sale, which would require at
least 2 years of preparation. Further delays in project implementation would result from the shift from
winter to summer mining and construction of the LDPI. The resulting years of delay would conflict
with BOEM’s mandate under the Outer Continental Shelf Lands Act (OCSLA) to facilitate
expeditious development of OCS resources.

Finally, the implementation of this alternative would likely create unacceptable environmental and
social impacts. The 2003 Liberty EIS, in addressing a similar suggested alternative, determined it
would be “much more disruptive to wildlife, including the threatened and endangered species, which
are in the project area only during summer, and subsistence activities in the area.” This determination
holds true today. The suggested alternative runs counter to stakeholders’ consistent request that
BOEM limit industrial activities in areas important to marine mammals and other key environmental
resources, particularly during subsistence hunting periods.
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2.4.5 Other Alternate Gravel Mine Sites

BOEM dismissed the Oxbow Pit, Badami Mine Site, Shaviovik Pit and Liberty Mine Site for further
analysis because the required gravel quantity was not known to be present, or the State of Alaska
requested that the site be removed from analysis since it was rehabilitated (impractical) and/or fish-
bearing (considered special habitat).

The Duck Island Mine site was considered as Alternative 5C in the DEIS but has been dismissed from
analysis in this FEIS because it is unlikely to contain any usable material. The location is currently
flooded and would take up to 1 year to dewater (it has an ephemeral connection to Duck Island Creek,
and contains fish). Given the volume of water in the site and the lack of usable material, this location
is not a feasible alternative.

2.5 Mitigation

Appendix C includes a description of existing mitigation measures contained in lease stipulations,
design features and best management practices (BMPs) committed to by the operator, or permitting
requirements expected to be imposed by other agencies. In analyzing potential impacts from the
Proposed Action and other Action Alternatives, BOEM assumed implementation of, and compliance
with, these existing mitigation measures.

In addition to these existing mitigation measures, BOEM is proposing several new mitigation
measures to further avoid and minimize potential impacts. Below, BOEM describes a proposed
mitigation measure that would restrict drilling into hydrocarbon bearing zones to periods of solid ice
conditions. Additional, resource-specific mitigation measures (e.g., mitigation measures specific to
migratory birds) are proposed and analyzed in individual sections of Chapter 4.

2.5.1 Proposed Solid Ice Condition

During scoping, BOEM received several comments which proposed seasonal restrictions on drilling
into hydrocarbon zones as a means to reduce the likelihood of a large or very large oil spill contacting
the Beaufort Sea and adjacent coastal areas during broken ice or open weather conditions. These
comments suggested that oil spilled during solid ice conditions (as opposed to broken ice or open
water conditions) would be easier to clean up, and thus less likely to affect subsistence activities,
resources used for subsistence, and/or other marine mammals and threatened and endangered species.
Commenter recommendations varied in terms of length and timing of proposed drilling restrictions,
but cumulatively, they suggest limiting drilling into hydrocarbon zones to periods when:

e solid ice conditions surround the LDPI
o there remained sufficient time to drill a relief well prior to spring break-up.

Based on these comments, and an independent review of factors relevant to development drilling and
oil spill response techniques, BOEM developed for analysis in the Liberty FEIS a proposed
mitigation measure that, if implemented, would restrict certain drilling activities on a seasonal basis.

e Reservoir drilling is authorized only during times of solid ice conditions. For the purposes of
this condition, "reservoir drilling" is defined to include initial development drilling (as
opposed to workovers, recompletions, and other such well operations subsequently conducted
on existing wells) beyond the shoe (base) of the last casing string above the Kekiktuk
Formation (i.e. drilling that exposes the Kekiktuk Formation to an open, uncased
wellbore). 'Solid ice conditions' is defined as at least 18 inches of ice in all areas within 500
ft of the LDPI.

Proposed Action and Alternatives 2-59



Liberty Development and Production Plan Final EIS BOEM

The practical effects of imposing such a restriction would be a change in the order in which HAK
drills its wells and a potential delay (approximately 3 to 15 months) in completing the proposed
drilling program. Waste disposal wells, as well as the top hole portions of development wells, could
still be drilled year-round (subject to self-imposed limitations in HAK’s DPP).
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CHAPTER 3. DESCRIPTION OF THE ENVIRONMENT
3.1 Physical Environment
3.1.1 Bathymetry and Physiography
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Figure 3-1 Bathymetry and Physiography
Illustration of the bathymetry and physiography in and around the Proposed Action Area.
Map includes the Boulder Patch.

3.1.2 Oceanography

The Alaska Beaufort Sea shelf (Figure 3-1) extends approximately 311 miles from the shelf area
between Barrow Canyon and the Mackenzie Shelf in Canada. The continental shelf width ranges
between 37 and 75 miles with an average water depth of 121 feet. Narrow and low relief barrier

islands are found between 1 and 12 miles seaward of the coast. Foggy Island Bay is inside these

barrier islands and has water depths of slightly less than 23 feet.

Foggy Island Bay is situated between the Sagavanirktok and Shaviovik rivers, and is sheltered by
offshore shoals associated with Dinkum Sands and the McClure and Stockton barrier island
complexes. Three rivers discharge into Foggy Island Bay: the Sagavanirktok River east channel, the
Kadleroshilik River, and the Shaviovik River.

The Boulder Patch is an area near Foggy Island Bay characterized by a substrate of cobbles and
boulders which were deposited by Pleistocene glaciers (Reimnitz and Ross, 1979; Wilce and Dunton,
2014). This type of substrate is uncommon in the Beaufort Sea. “Boulder Patch” is used to describe
both the substrate and the diverse faunal community that relies on algae attached to the boulders.
Sections 3.1.4 and 3.2.1 contain further description of the Boulder Patch.

Landfast ice begins to form in the fall months, thickening and growing seaward throughout the
winter. It forms a protective barrier from the winds and sets up unique hydrographic conditions
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beneath the ice canopy. In the spring and summer months, fresh water and sediment are added to the
nearshore environment as landfast ice melts.

3.1.2.1 Circulation within Stefansson Sound

The dominant source of nearshore fresh water in the environment is the Beaufort Sea coastal river
system, particularly the Sagavanirktok River. Freshwater discharge begins during the spring freshet as
sediment-laden waters discharge on top of and beneath the landfast ice. Fresh water can move for
many miles seaward beneath the landfast ice.

East of the Alaska Beaufort Shelf, the Mackenzie Canyon outflow can move large volumes of fresh
and warm near-surface waters westward to the area north of Stefansson Sound. These waters melt sea
ice during the spring and early summer months and carry along nutrients, organic carbon, suspended
sediments, and plankton. Advection (horizontal flow of water) of Mackenzie Shelf waters depends on
the persistence and strength of the Beaufort Sea winds. When winds are from the east, the Mackenzie
Plume can be transported west to the Chukchi Sea. The migratory behavior of Arctic cisco is linked to
the strength and persistence of the Mackenzie Plume westward track (ABR et al., 2007).

To the west, the influx of Pacific origin waters northward through the Bering Strait and onto the
southern Chukchi Shelf diverges into three main channels. The waters most important to the Beaufort
Shelf are those waters that advect northward on the Chukchi Shelf and then down Barrow Canyon.
These waters exit the Canyon, pass Point Barrow, and continue east toward the Canadian Beaufort
Sea along the shelf break.

In the absence of wind, the shelf break jet advects waters to the east. When the winds are from the
west, the shelf break jet accelerates to the east causing downwelling of fresh water. In contrast, when
winds are from the east, at speeds greater than 8.9 mph, the shelf break jet reverses direction to the
west and upwelling of subsurface salty waters from the deep basin onto the shallow shelf can occur.
These upwelling events can bring nutrients, carbon, and zooplankton onto the shallow shelf and
spawn increased primary productivity. In addition to the waters within the shelfbreak jet, a portion of
the Pacific water that flows through the head of Barrow Canyon spills out onto the shallow Beaufort
Shelf before exiting the Barrow Canyon mouth. This flow can bring Pacific-borne waters and their
biological contents onto the shallow Beaufort Shelf and get transported eastward into the central
Beaufort shelf.

Circulation in Foggy Island Bay and Stefansson Sound is strongly influenced by atmospheric forcing
of wind-driven currents during the open water season. Winds during the open water season are the
main driving force of surface and subsurface currents and the mixing of the water column.

Weingartner et al. (2009) conducted year-round measurements of subsurface currents utilizing
acoustic Doppler current profilers (ADCP) that were moored to the seabed within the landfast ice
zone of Stefansson Sound. These moorings measured the seasonal changes in subsurface currents
with the growth and melting of the landfast ice cover.

During the spring freshet, the large and sudden discharge of fresh water from rivers can produce
under-ice currents and increased turbidity (decrease in transmissivity). A significant portion of the
river runoff flows beneath the landfast ice forming a strongly stratified water column (Figure 3-2).
Weingartner, Okkonen, and Danielson (2005) estimated that the freshwater plume associated with
spring river discharge can extend up to 12.4 miles offshore. During May and June in both 2004 and
2006 Alkire and Trefry (2006) measured an under-ice plume from the Sagavanirktok River which
extended approximately 10.5 miles to the north and 9.3 miles to the west.
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3.1.2.2 Salinity and Temperatures

Bottom water properties vary on a seasonal basis primarily as a result of the seasonal formation and
melting of sea ice, the discharge of fresh waters from coastal rivers, and the mixing of the water
column by winter stress during the open water season (Figure 3-2).

COASTLINE -~ OFFSHORE-STEFANSSON SOUND

CTC Salinity Contour Plot

LANDFAST ICE CANOF

— e -

Salinity (psu)

Depth (m)

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Distance From Origin (m)
Figure 3-2 Stratified Water Column in Stefansson Sound

River discharge beneath the landfast ice canopy within Stefansson Sound forms a saline
stratified water column Depths and distances are in meters; Salinity is measured in practical
salinity units.

The transition from fall to initial freeze-up conditions occurs during the month of September, when
bottom water temperatures decrease from a high of 35.6°F, to a low of below 30.2°F (Figure 3-2).
During this same period in 2000, air temperatures as measured from the West Dock Meteorological
Station were below freezing and rapidly decreased throughout the month of September. Sea ice began
to form adjacent to the McClure Mooring by mid-September, and completely covered the mooring by
the end of September.

Bottom water temperatures remain near freezing levels, and bottom salinities increase rapidly during
the winter months. During the early winter period from November 2000 through mid-April 2001,
ambient air temperatures rapidly decreased from 23°F to -31°F, interrupted by minor pulses of
warmer events. Sea ice thickened rapidly over the mooring, and bottom water temperatures decreased
below 29.3°F, whereas bottom water salinities rose sharply above 30 Practical Salinity Units (psu) to
peak at over 35 psu by mid-April 2001.

Bottom water salinities slowly decrease and water temperatures slowly increase in late winter. Air
temperatures were also on an upward trend. Ice thickness overlying the mooring was gradually
decreasing from its peak of 7.5 feet in April. Concurrently, bottom water salinities were slowly
decreasing and bottom water temperatures were slowly increasing (28.7°F to 29.3°F).

Freshwater discharge from the Sagavanirktok River during the spring flooding season influences the
temperatures and salinities of Stefansson Sound. Fresh and relatively warm water (slightly warmer
than 32°F) from the Sagavanirktok River spring river plume flows out onto and under the landfast ice
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where it mixes with marine water to form a 3.3- to 6.6-foot thick, under-ice lense of brackish water
that extends more than 9.3 miles offshore (Trefry et al., 2009). Fresh water transport of dissolved
chemicals and land-borne contaminants can be transported long distances offshore (12.4 miles)
because the landfast ice canopy inhibits the mixing of the underlying water column from winds
(Rember and Trefry, 2005). Turbidity values of suspended sediments measured as Total Suspended
Solids (TSS) decrease from nearshore to offshore.

Later in the season, these coastal discharges of fresh water may get collectively entrained into the
larger and stronger flows of such regional water masses as the Mackenzie Plume and can get carried
off the shelf and west. These local discharges can also move with the local nearshore circulation and
retain their distinct geochemical signatures (Granskog et al, 2005). Freshwater river discharges that
remain on the inner shelf can freshen the local waters, including those deep, colder, and saltier waters
that were formed during the winter months from the formation of landfast ice (Eicken, 2005).

Bottom salinities decreased into mid-July (Table 3-1). Bottom water salinity values rapidly decreased
from mid-July through the beginning of August before salinities reversed their trend into the fall
season. Bottom water temperatures increased to above freezing values in July and August with the
loss of sea ice and the concurrent mixing of the water column. At the same time, surface water
salinities decreased and temperatures increased due to the mixing of river water throughout the water
column. The fresh water initially creates a brackish nearshore zone with salinities of 10 to 15 parts
per trillion (ppt). As shown in Table 3-1, when mixing begins, salinities increase to 15 to 25 ppt with
water temperatures ranging from 32°F to 48.2°F. The nearshore waters become relatively well-mixed
as the open-water season progresses, with salinities greater than 25 ppt and temperatures gradually
decreasing to 30.2°F to 35.6°F.

Table 3-1 Seasonal Bottom Water Changes at McClure Mooring
Season Months Bottom Temperature Range Bottom Salinity Range
(°F) (psu)
Fall Freeze-up |Sept to Early October 35.6 t0 30.2 28-29
Early Winter Mid-October to Mid-April 29.3t0 28.76 27-36
Late Winter Mid-April to May 28.76 10 29.3 35
Spring Break-up | May-June to Mid- July 28.94 10 29.3 32-35
Summer Mid-July to August 29.310 39.2 15-30
Note: Seasonal changes in bottom water temperatures and salinities were measured from the McClure Mooring from September 2000
through August 2001.

3.1.2.3 Water Levels

Given the relatively small tidal range, water level fluctuations in the vicinity of the proposed Liberty
Development and Production Island (LDPI) are controlled more by the effects of wind stress than by
astronomical tides. The moorings that Weingartner et al. (2009) deployed in Stefansson Sound
showed significant correlations with eastward (downwelling-favorable) winds producing sea level
increases and westward (upwelling-favorable) winds resulting in a decrease in sea levels during the
open-water season.

Seasonal variability in tides are small, although those associated with the spring flooding can be
larger (Weingartner, 2009).

During the open-water season, wave heights are limited by the shallow waters adjacent to the coast
and the shelter provided by barrier islands. Moreover, the proximity of the Arctic pack ice limits the
fetch available for wave generation.

Beaufort Sea storms, and hence wave directions, can be classified as either easterly or westerly.
Easterly storms typically are of longer duration than westerly storms (Oceanweather, 1982). Westerly
storms often are accompanied by elevated coastal water levels (storm surge); while easterly storms
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may produce lower than normal water levels along the coastline. Westerly storms tend to be more
severe, in part due to the associated storm surge.

Wave measurements were obtained in the vicinity of Foggy Island Bay during the summers of 1980
through 1983 in support of the Endicott Development (LGL Ecological Research Associates, Inc. and
Northern Technical Services, 1983; and Sohio, 1983). In 1980 and 1981, wave heights were less than
2 feet approximately 90 percent of the time, with average wave periods less than 4 seconds. The
greatest wave height measured was 2 feet on October 6.

Given the scarcity of wave measurements in the Beaufort Sea, extreme wave information must be
generated using oceanographic hindcast models. A site-specific hindcast of oceanographic conditions
was conducted for the Proposed Action in 2013 (see 2015 Liberty EIA, page 3-16). Extreme wave
statistics for easterly and westerly storms were predicted for four alternate island locations, the
shoreline east of Point Brower, and the east side of the Satellite Drilling Island (SDI).

Wave heights associated with westerly storms were found to be larger than those for easterly storms.
The 100-year westerly wave height at the island sites (located in a water depth of 18 to 19 feet, mean
lower low water [MLLW]) was predicted to be 8.5 feet with a period of 11.6 seconds. At the SDI,
located in a water depth of 6 feet, the 100-year westerly wave height was predicted to be negligible,
given the shelter provided by the Endicott Causeway (2015 Liberty EIA, Page 3-18).

3.1.2.4 Sealce

Sea ice initially forms in the shallow lagoons of Foggy Island Bay in late September and early
October, then gradually thickens and grows seaward in the form of landfast ice until Stefansson
Sound is ice covered by the second or third week of October. Landfast ice stabilizes and thickens
from October through mid-April and maintains a near stable thickness of 5.6 to 7.2 feet into May.
Break-up of the nearshore landfast ice zone begins in late May and lasts through June or early July.
During break-up, coastal rivers discharge warm, fresh, sediment-laden water onto the landfast ice
hastening its near shore melting. Through July, the offshore sea ice (once attached to land as landfast
ice) rapidly breaks up freshening the surface waters while dispersing large amounts of sediment and
organic matter into the water column. By the third week in July, the area within Foggy Island Bay is
typically ice free, although small floating ice can drift into the waters within Stefansson Sound
through August and sometimes into September, as was seen in 2015.

From 1999 through 2007, Weingartner et al. (2009) collected and analyzed 6 years of year-round
ADCP, and conductivity, temperature, and depth (CTD) data from five moorings deployed within the
landfast ice zone of Stefansson Sound. These moorings were deployed in relatively shallow water
depths of less than 59 feet outside the barrier islands, and less than 33 feet inside the barrier islands
(Figure 3-3). These moorings display the seasonal changes in ice thickness within Stefansson Sound.
Based upon the mooring data, landfast ice setup dates varied between October 13 (2001) and October
27 (2004).

The transition from freeze-up to more stable landfast ice conditions in Foggy Island Bay and
Stefansson Sound usually occurs in mid-November as the floating landfast ice growth attains a
thickness of approximately 3.3 feet. As the floating landfast ice sheet continues to grow, the
temperatures in the bottom waters are near freezing and ice begins to adhere to the sediments in
shallow areas at water depths shallower than 6.6 feet. This ice becomes anchored to the seabed as
bottomfast ice.

During the early winter months, the mean extent of landfast ice covers much of Stefansson Sound,
whereas in some years the maximum extent can extend almost as far seaward as the 66-foot contour.
By mid-November, there is less risk of ice movement, although the more stable period is when the
mean extent of landfast ice reaches the Seaward Landfast Ice Edge (SLIE) in January. The proposed
LDPI site becomes more stable as the ice grows confined by the shoreline of Foggy Island Bay to the
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south, the McClure Island chain to the north, Tigvariak Island to the east, and Endicott SDI to the
west. By May, the mean extent of the landfast ice is found seaward of the SLIE and the maximum
extent can reach the shelf edge. The landfast ice reaches a maximum thickness of between 5.6 to 7.2
feet stabilizing between 6.6 and 8.2 feet through the end of May.
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Figure 3-3 Mooring Locations within Stefansson Sound
Moorings were deployed within the Stefansson Sound area from 1999 through 2008
(Weingartner et al, 2009).

During the winter months, rapid changes in temperature may produce thermally induced shrinkage
cracks in the floating landfast ice, usually propagating from sources of stress concentration such as
man-made gravel islands (including the Endicott SDI) or promontories along the coast (e.g., Point
Brower). In addition, a working tidal crack can be expected at the perimeter of the floating fast ice
along the shoreline and around any grounded ice feature. Other than these minor cracking events, the
first-year sheet ice in Stefansson Sound and Foggy Island Bay remains stable (Liberty Development
and Production Plan [DPP]).

By early to mid-May, the ice sheet has weakened until ice roads can no longer support over-ice
operations. Before the sea ice starts to show apparent signs of deterioration, melting snow in early
May helps swell the upland river channels. During the spring freshet in late May or early June,
sediment-laden waters flood out onto the landfast ice. The overflood waters can exceed a depth of 3.3
feet and can spread out several miles from shore. The overflood waters are transported over the
nearshore bottomfast ice onto the floating landfast ice. The overflood waters then drain through holes
and discontinuities in the landfast ice due to tidal cracks, thermal cracks, stress cracks, and seal
breathing holes. This annual spring event results in a large decrease in transmissivity, an optical
measurement of how light passes through a column of water measuring the concentration of
particulate material in the water, which shows an increase in suspended sediment in the water column.
These impacts can be observed many kilometers from shore as evident in the sharp drop in
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transmissivity values at the Dinkum Mooring in Stefansson Sound during the period of spring break-
up for June 2000.

The warm sediment-laden flood waters and increased solar radiation weaken the bottomfast ice
detaching it from the seabed. The flood waters gradually cover the nearshore area weakening the ice
platform. Just before break-up in late June and early July, the number of melt pools increases
dramatically, covering approximately 40 to 50 percent of the sheet ice surface. Open water typically
appears first along the shoreline and gradually expands along the coast and then seaward.
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Figure 3-4 Foggy Island Bay Ice Free or Near Ice Free Conditions: 2005 through 2016
The blue boxes represent those weeks when the minimum ice concentration within the ice
analysis polygon was less than or equal to 30 percent. An example of ice free conditions is
shown within the MODIS satellite imagery for July 13, 2016 (bottom right). The blue to red
squares represent the transition period from open water to ice covered conditions as larger
areas of the ice analysis polygon contained ice concentrations that were greater than 30
percent.

Navigable ice conditions with no more than 30 percent ice coverage, (see Figure 3-4) occur between
the months of July and September in most years, although open water can in some years occur as
early as late June and as late as the second week of October, as shown for the year 2016.
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3.1.2.4.1 Spring Overflooding, Strudel Scours, and Impacts from Pipelines
within Foggy Island Bay

The Sagavanirktok River east channel, the Kadleroshilik River, and the Shaviovik River discharge
into Foggy Island Bay. The historical average break-up date along the coast for the Sagavanirktok
River to overflood the sea ice is May 22, with a maximum date of June 3 and a minimum date of
May 8 (Hearon et al, 2009). During the spring break-up period in late May and early June, coastal
rivers discharge large volumes of fresh water on top of the coastal bottomfast and floating landfast
ice. These flood waters can spread up to 6.2 miles offshore. This brief period of high volume
energetic flow of surface waters can be considered a potential hazard to offshore oil and gas
development operations since these flooding events can hinder access to facilities, disperse spilled oil,
and expose buried pipelines through scouring of the seabed below the landfast ice zone as strudel
scouring (Dickens, 2009).

The overflood and strudel scour field mapping and analysis for the Proposed Action were conducted
by Coastal Frontiers Corporation for British Petroleum Exploration (Alaska), Inc. (BPXA) in 1997
and 1998. They mapped drainage features and overflood extents via a helicopter survey during spring
break-up when bottomfast ice and landfast ice was still present offshore. During the open-water
season in August, they mapped the locations of strudel scours on the seabed using sidescan and multi-
beam sonar. The recorded drain cracks, drain holes, and strudel scours from those surveys are shown
in Figure 3-5.
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Kilometers
Figure 3-5 Strudel Scours and Drain Cracks — 1997, 1998, and 1999

Strudel scours occur when overflood waters drain through tidal cracks, thermal cracks, stress cracks,
or seal breathing holes in the landfast ice. Sufficiently deep strudel scours that form directly over a
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buried pipeline can remove the underlying fill and cause an unsupported span of pipe; they could also
remove the overlying fill material needed to prevent damage from ice gouges and forestall upheaval
bucking.

Hearon et al. (2009) also conducted a study to map the relationship between overflood extent, water
depth, and strudel scour severity across the North Slope of Alaska. This study included the strudel
scour data from the strudel scour surveys conducted for this area in 1997 and 1998. They found that
strudel scour frequency and severity could be segregated into separate overflood zones based upon
water depth (Hearon et al, 2009). Strudel scouring is most widespread and acute within the Primary
Strudel Zone (red zone on Figure 3-5) which extends from the seaward edge of the bottomfast ice
edge at 5 feet water depth to the 19.7 feet water depth. In the zone of bottomfast ice or Secondary
Strudel Zone (orange) and offshore of the Primary Strudel Zone called the Tertiary Strudel Zone,
scours occur on a less frequent basis and tend to be smaller in lateral and vertical extent to those
found in the primary zone. Strudel scours that are circular in form were the most prevalent, whereas
linear scours formed by drainage through elongated cracks, were found less frequently but were also
measured. The maximum scour depths associated with the Sagavanirktok River were 7.8 feet and
maximum horizontal extent was 130 feet. These large scours occurred within the Primary Strudel
Scour Zone. Seaward of the Kadleroshilik River, the deepest strudel scours did not exceed 3.3 feet for
either zone.

Man-made features such as ice roads and causeways can play a significant role in focusing the
direction of overflooding within the coastal zone. For example, Endicott Causeway can focus a larger
area of floodwater along its length. During the construction of Northstar Island, the height of the ice
road and ice berms along the road formed an artificial barrier that restricted the eastward movement
of the Kuparuk River flood waters. The effect of these ice roads can create a higher density of strudel
scours along this boundary. The presence of an operational pipeline can increase the scour frequency
in the area overlying the pipelines due to radiant heat propagating through the backfill and degrading
the overlying bottomfast and floating landfast ice (Hearon, 2009).

3.1.2.4.2 Ice Gouges

The U.S. Geological Survey (USGS) conducted extensive ice gouge surveys on the Beaufort Sea
Shelf in the 1970s and 1980s (Barnes et al., 1984; Barnes and Rearic, Remnitz, 1985; Barnes,
McDowell, and Reimnitz, 1977; Wolf, Reimnitz, and Barnes, 1985; Rearic, 1986; and Rearic and
Ticken 1988); with additional surveys performed by the oil and gas industry related to oil and gas
exploration in the 1980s and 1990s (Horowitz, 2002). These surveys found that most of the Beaufort
Shelf area was heavily gouged, though the area within Foggy Island Bay had sparse ice gouging.

In some areas of the Beaufort Shelf, ice gouges completely cover the seabed, and gouge incision
depth can be over 9.8 feet. However, inside the protected area of barrier islands within Stefansson
Sound and Foggy Island Bay, ice gouges are significantly less prevalent with much shallower incision
depths.

The first extensive ice gouge survey specific to the Proposed Action Area was conducted by Coastal
Frontiers Corporation in 1997 and continued for a second year in 1998. The results of these ice gouge
surveys suggest that the Proposed Action Area is not heavily gouged and gouges only penetrate the
seabed to very shallow depths of less than 1.6 feet.

3.1.3 Oil and Gas Geology

3.1.3.1 Regional Geologic Setting

The Arctic Alaska Petroleum Province encompasses all the lands and adjacent Continental Shelf areas
north of the Brooks Range-Herald arch, and is amongst the most petroleum-productive areas in the
United States (Figure 3-6). Most of the known petroleum accumulations occur in three regional
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stratigraphic reservoir units called the Brookian, Beaufortian, and Ellesmerian. The Ellesmerian
sequence includes rocks that are Mississippian through Triassic age and consist of mainly nonmarine
to shallow marine siliciclastic deposits and carbonates that formed as continental shelf deposits on a
passive margin (Bird, 2001). Oil production from the Ellesmerian sequence is from the Endicott,
Lisburne, and Sadlerochit Groups.
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Figure 3-6 Arctic Alaska Petroleum Province

3.1.3.2 Liberty Field

3.1.3.2.1 Reservoir Discovery

The Liberty Field is one of the largest undeveloped reservoirs near North Slope infrastructure.
Located in Federal waters approximately 6 miles north of Mikkelson Bay and 15 miles east of
Prudhoe Bay, the Liberty Field was discovered by Shell in the early 1980s and confirmed by British
Petroleum (BP) in 1997. The Tern #3 and Liberty #1 wells established the presence of producible
hydrocarbons within the Kekiktuk Formation. The Tern #3 well encountered mostly very heavy (less
than 10° API) immovable oil that forms a thick tar mat underlying the movable oil column in the
Liberty Reservoir (Kekiktuk Formation) that was flow-tested at the Liberty #1 well. The Kekiktuk
Formation is the lower most of three formations comprising the Endicott Group and is the oldest unit
within the Ellesmerian Sequence. Two additional wells exist in the Proposed Action Area (Tern
Island #1A and #2A) and provide additional data on the field.

3.1.3.2.2 Reservoir Analog

The Endicott Field, which is contained in the Duck Island Unit, is approximately 5 miles to the west/
northwest of the Liberty Field in State of Alaska (SOA) waters. It is a reasonable analog for the
Liberty Field because it has a similar geologic depositional environment and maturation history;
analog information from the Endicott Field also provides useful insight into the Liberty Field rock,
fluid, and other properties required for modeling and simulation studies. The primary geologic
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formation containing the hydrocarbon bearing resources in both the Endicott Field and the Liberty
Field is the Kekiktuk Formation, and the development and depletion history of the Endicott Field
provides insight into how the Liberty Field may respond to possible development activities.

3.1.3.2.3 Reservoir Model and Simulation Study

BOEM'’s 2016 independent reservoir model of the proposed Liberty DPP, based upon best available
exploration, discovery, and analog field information, estimates an areal extent of approximately 2,355
acres with 180 million barrels of original oil in place. The reservoir model consists of two producible
zones separated by a thin non-flowing baffle zone with a tar layer at the base of the movable oil
column. The porosity and permeability of the reservoir formation differ significantly between the
upper and lower zones but the properties of each zone are assumed for modeling purposes, at this
time, to remain relatively constant and homogenous across the Liberty oil pool. Reservoir rocks
typically are not flat but rather are folded and slope away from a localized high point. As fluids
migrate within the rock layers, they separate, stratify, and collect due to their density differences. As a
result, any free gas will migrate to the top or crest of a sloping structure with a sealing cap of
impermeable rock while liquid hydrocarbons will collect below the free gas layer, if present, further
downdip (liquid oil and water will always pool below gas in a reservoir). A water layer will separate
out below the liquid hydrocarbon layer (Figure 3-7). If free gas does exist, it will be located “updip”
in the highest portion of the reservoir rocks in a free gas cap. Rock layers can be thicker and thinner
depending on deposition, erosion, and deformation histories. Based on an interpretation of seismic
data, the reservoir is thickest in the northwest portion of the field and thins significantly downdip in
the southeast direction. Seismic interpretation puts the top of the reservoir at 10,500 feet below mean
sea level.

Well 1 Well 2
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Figure 3-7 Updip and Downdip

(Location along the slope of a dipping plane or
surface). In a dipping (not flat-lying) hydrocarbon
reservoir that contains gas, oil and water, the gas is
updip, the gas-oil contact is downdip from the gas,
and the oil-water contact is still farther downdip.

BOEM performed a reservoir simulation study using a full field reservoir model to evaluate reservoir
development options and the likely production characteristics of the field. The development plan
describes five producing wells, three water injection wells, and one gas or water injection well. As the
first well drilled into the reservoir, the gas or water injection well penetrates the reservoir in the thick
northwest updip section to evaluate if a gas cap is present. The DPP places three water injectors in the
center of the reservoir with two producers to the northwest and up to three additional production wells
in the southeast section of the reservoir. A water injection to oil production ratio of at least one barrel
(bbl) of water to one bbl of oil will maintain reservoir pressure. As actual drilling, logging, and
completion activities provide more information about the reservoir, well count and placement will
adjust to optimize efficient recovery of oil from the Liberty Field.
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The results of the full field reservoir simulation study of the BOEM reservoir model using the
proposed development plan indicates that the Liberty Field would recover from 41 percent to 48
percent of the 180 million barrels of oil (MMBO) in place. The simulation study also indicates a peak
production rate of 57,909 barrels of oil per day (BOPD) within the first 2 years of production.

3.1.3.2.4 Reservoir Access

Wells drilled from the surface into the Liberty Field reservoir would access and produce its
hydrocarbons. A fixed platform is required to support the equipment used to access and produce those
hydrocarbons. In the Arctic, weather conditions including wind, water, and sea ice load necessitate
the use of man-made gravel islands instead of other types of bottom-founded structures when water
depth is appropriate. The basic design concept for an Arctic offshore artificial gravel island involves
the placement of suitable gravel materials with adequate height, mass, and slope protection and
maintenance to secure the island against damage by wind, water, and ice forces over the productive
life of the reservoir.

There are currently six man-made gravel islands in use for oil and gas development in the Beaufort
Sea. The Duck Island Unit/Qilfield required three gravel islands for development — the Endicott
Satellite Drilling Island (30 acres), Endicott Main Production Island (45 acres), and Endeavor Island.
The Northstar Qilfield/Unit is accessed by Seal Island (5 acres). The Nikaitchuqg Oilfield/Unit is
accessed by the Spy Island Drill Site (11 acres, not attached to the natural Spy Island). The Oooguruk
Oilfield/Unit is accessed by Oooguruk Island. These gravel islands were built near their target
reservoir or reservoir compartments supporting the optimum development of the trapped hydrocarbon
resources with conventional, available, and field-proven technologies.

The proposed LDPI would be the first permanent man-made gravel island built in Federal waters off
the coast of Alaska. From the LDPI, the Liberty Reservoir can be accessed and produced through
conventional slant angle wells. The wells would be directionally drilled from the LDPI surface
wellhead locations to reach the full extent of the reservoir with a departure of no more than 2.6 miles
radius. This means that the bottom hole well location would be no more than 2.6 miles in a horizontal
direction away from the well’s surface location. The resulting well angles would allow for coiled
tubing and/or wireline services as needed during the life of the wells. Coiled tubing refers to a long,
continuous length of pipe wound on a spool that is straightened and pushed into a wellbore during
well workover, intervention, or other operations. Wireline refers to the use of cabling technology to
lower equipment into a well for workover, intervention, or other operations.

3.1.3.2.5 Reservoir Depletion

Studies of fluid samples from the Liberty #1 well indicate that the Liberty Field is a normally
pressured reservoir containing light crude at normal reservoir temperatures. The fluid samples
indicate hydrogen sulfide (H-S) in small enough quantities to meet the classification of “H,S
Absent.” Lab and field data indicate the reservoir may either have a gas cap or be near the oil’s
bubble point — the pressure at which gas begins to come out of solution. Keeping the pressure at or
above the bubble point pressure is necessary to optimize the recovery of oil. As soon as possible after
startup, any produced water would be separated from the produced reservoir fluids, combined with
treated seawater, and reinjected to replace produced fluids and initiate waterflood enhanced oil
recovery (EOR). Produced gas would be used on LDPI for fuel and to support artificial gas lift
support with the unused portion reinjected into the reservoir for additional pressure maintenance and
EOR. The waterflood and gas injection would optimize oil recovery and resource conservation.

Surface spacing between wellheads would be 15 feet and a maximum of 16 wellhead slots are
planned for the well row. Initially, 10 wells are planned to be drilled with 5 producing wells, 4 water
and/or gas injection wells, and 1 disposal well. As wells are drilled and additional information about
the Liberty reservoir and individual well performance is gathered, modifications to future well
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completion designs, placement, count, and other development aspects would be made to optimize
field performance.

3.1.4 Water Quality

Stefansson Sound is about 20 kilometers northeast of Prudhoe Bay and immediately east of the
Endicott production facility. Extending from the Midway Islands in the west to the Tigvariak Island
in the east, the Sound is enclosed by a barrier island chain to the north, including Cross Island. The
Proposed Action Area is located in the southwestern part of Stefansson Sound in Foggy Island Bay, at
a water depth of about 19 feet. The area includes the Sagavanirktok River Delta to the west and the
Shaviovik River Delta to the east (Figure 1-1). The Kadleroshilik River flows into the central part of
the Bay.

Consisting of a mixture of marine and freshwater, coastal waters are transported through Foggy Island
Bay based upon the direction of the prevailing winds. During the open-water season, the winds are
generally from the east, driving water currents to the west. In addition to wind direction and speed,
the characteristics of coastal waters are influenced by other factors including the season, amount of
solar heating, coastal erosion, freshwater river/stream inputs, and the characteristics of the terrestrial
environment.

The quality of water, marine or freshwater, is determined by the water’s physical, chemical and
biological constituents. These individual attributes are derived atmospherically, terrestrially, and from
other sources of fresh or marine environments. Sediments, hydrocarbons, and trace metals are
examples of potential contaminants that are introduced into the marine environment by river runoff,
coastal erosion, atmospheric deposition, and naturally occurring hydrocarbon seeps. Table 3-2 shows
the total solids entering the central Beaufort Sea by three major rivers and coastal erosion.

Table 3-2 River Discharges and Coastal Erosion Discharges into Marine Waters

River/Drainage

Peak River Flow

Annual Rate River Flow

Total Solids

Sagavanirktok River

300 - 1200 (m%¥/sec)

~6.5 km®/year

330,000 Metric Tons/Year

Kuparuk River

500 - 3500 (m%/sec)

~1.2 km®/year

21,000 Metric Tons/Year

Colville River ~8500 (m®/sec) ~15 km®/year
Coastal Erosion ~1,000,000 Metric Tons/Year

Total -—- ~22.7 km®/year ~6,350,000 Metric Tons/Year
Notes: Table summarizes the rate of discharge of water and total solids from the three largest North Slope Rivers and from coastal erosion
into the Proposed Action Area of the central Alaskan Beaufort Sea. Peak flow and sediment discharge, representing 30 to 90
percent of the total annual discharge, occurs during 3 — 12 days in late May and early June each year (Neff, 2010a).
Rember and Trefry, 2004; Trefry et al., 2004; Alkire and Trefry, 2006.
Studies by AMAP (1997, 2004) and Hopcroft et al. (2008), state that existing degradation of Beaufort
Sea Outer Continental Shelf (OCS) water quality is primarily related to aerosol transport and
deposition of pollutants; pollutant transport into the region by sea ice, biota and currents; and from

increasing greenhouse gases in the atmosphere, which affect water temperature and acidity.

~5,000,000 Metric Tons/Year

Sources:

The Colville, Kuparuk, Sagavanirktok and Canning rivers that flow into the Alaskan Beaufort Sea
remain relatively unpolluted by humans, however man-made pollutants in the Project Area may be
present. Sources of pollutants are primarily the result of industrial activities related to the petroleum
industry and include wastewater discharges and accidental spills of crude or petroleum or other
substances.

For a complete discussion on regulatory controls over permitted point-source discharges, see Section
2.2.9, EPA Permitting, for the Proposed Action.

3.1.4.1 Characteristics of the Beaufort Sea

Much of our current understanding of the Beaufort Sea is due, in part, to the development of oil and
gas resources of Alaska’s North Slope exploration activities along the coast and offshore, and
development and production offshore in State waters.
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BOEM Alaska OCS Region is responsible for managing oil and gas development in Federal waters of
Alaska, and beginning in 1979 the Beaufort Sea continental shelf was made available for exploratory
drilling. Since then BOEM has sponsored three major environmental effects monitoring projects in
the Beaufort Sea: The Beaufort Sea Monitoring Program (BSMP), the Arctic Nearshore Impact
Monitoring in the Development Area (ANIMIDA) Project, and the Continuation of the Arctic
Nearshore Impact Monitoring in the Development Area (CANIMIDA) Project (Neff, 2010a.) Figure
3-8 illustrates the BSMP water sampling stations in the areas of the proposed LDPI and Northstar
Island.
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Figure 3-8 BSMP Sampling Locations near Northstar and Liberty Islands
Stations displayed have been sampled in relation to the cANIMIDA Program near to

exploration drilling sites and production facilities (Neff, 2010a).

The Beaufort Sea Monitoring Program was initiated in 1984 to develop and implement a monitoring
program for evaluating potential impacts of anticipated offshore oil and gas exploration and
production activities.

The primary objectives of the more recent ANIMIDA and cANIMIDA studies were to monitor and
characterize the marine environment of the Northstar and Liberty development areas and to evaluate
potential and actual effects of these offshore oil developments (Neff, 2010a). The ANIMIDA Project
Phase 1 (1999, 2000) was designed and implemented with a focus on the 1999 late-summer open-
water period and the 2000 winter ice-covered period. The late summer 1999 sampling represented
pre-construction baselines at both the Northstar and Liberty areas. Final results from Phase 1 of the
ANIMIDA Project were summarized in a report titled, “ANIMIDA Phase I: Arctic Nearshore
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Characterization and Monitoring of the Physical Environment in the Northstar and Liberty
Development Areas” (Boehm et al., 2001).

Phase 2 of ANIMIDA focused on monitoring during the summers of 2000 and 2002 and sampled at
the same Northstar and Liberty stations sampled in Phase 1. The winter 2000 sampling represented
the first construction monitoring period at Northstar and another pre-construction opportunity for the
Liberty Area (Neff, 2010a).

The cANIMIDA Project extended Phase 2 ANIMIDA field program to the summers of 2004, 2005,
and 2006 with the explicit goal of examining the temporal and spatial changes and to determine if any
observed changes in chemical and biological characteristics of the development area of the Beaufort
Sea are related to the current Northstar development and production operations (Neff, 2010a).

Among the numerous tasks assigned to the cCANIMIDA project, aspects of the following points are
applicable to this analysis:

o Determine the major element, trace metal, and organic carbon content of water and suspended
sediments carried to the coastal Beaufort Sea by the Sagavanirktok, Kuparuk and Colville
rivers.

e What are the background concentrations of metals and hydrocarbons known to be associated
with oil exploration, development, and production activities, and are the concentrations of
these chemicals increasing in area sediments as a result of development and production?

e Determine concentrations of suspended sediments, dissolved metals, particulate metals, and
supporting parameters in the coastal Beaufort Sea.

o Determine the impacts of TSS on kelp productivity and ecosystem status in the Stefansson
Sound Boulder Patch.

The results of both the ANIMIDA and cANIMIDA were integrated in a final synthesis report entitled,
“Continuation of the Arctic Nearshore Impact Monitoring in the Development Area (CANIMIDA)
Synthesis, 1999-2007” (Neff, 2010a).

3.1.4.1.1 Total Suspended Solids — (Turbidity)

Summer — Open Water

Turbidity is caused by fine-grained particles suspended in the water column. These particles come
from rivers discharging into the marine environment, coastal erosion, and resuspension by wave
action of particles deposited on the seafloor. Seafloor sediments in Foggy Island Bay include a
heterogeneous mixture of fine sand, silt, and clay-sized particles less than 0.01 inches in diameter.
Turbidity blocks light and measurably reduces primary productivity of waters shallower than about 40
feet.

On the Alaskan North Slope, the frozen tundra and snow pack upstream begin to melt during spring
and meltwater slowly flows downstream (northward), melting the river water en route. The meltwater
carries particulate and dissolved components frozen in the ice and snow from the previous year along
with weathered rock and soil layers from the surrounding river banks. This thawing and weathering
contribute to the specific chemical compositions of the particulate and aqueous phases carried by each
river. During high discharge, which lasts only 1 to 2 weeks, Alaskan Arctic rivers typically transport
40 percent to 80 percent of their total annual discharge of water and greater than 80 percent of their
load of suspended sediments (Neff, 2010; Rember and Trefry, 2004). As a result, spring melt and
river runoff not only contribute substantial freshwater to the marine system, but also greatly influence
the characteristics of nearshore waters of the Beaufort Sea. For this reason, measuring and
understanding the water quality of the major contributing river systems on the North Slope is critical
to understanding the water quality of the coastal Beaufort Sea.
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Concentrations of TSS in the spring water flow from the Sagavanirktok, Kuparuk, and Colville rivers
are highly variable among year and within each annual spring flood. Based on data collected during
the cCANIMIDA Project, TSS concentrations were highest in the Colville River and lowest in the
Kuparuk River. While daily concentrations varied, about 90 percent of the annual transport of TSS
from rivers occurs during the spring flood (Neff, 2010a; Trefry et al., 2009). Table 3-3 shows the
mean, maximum and minimum concentrations of TSS in the Kuparuk, Sagavanirktok, and Colville
Rivers during May through June of the years listed.

Deltas at the mouths of rivers indicate deposition of riverborne sediments and the composition of the
suspended matter in rivers can provide a geochemical signature that may allow differentiation
between incoming natural suspended sediment and anthropogenic contributions from industrial
activity (Neff, 2010a). Suspended sediments and turbidity, and particulate and dissolved metals in the
water column were monitored during the cANIMIDA Project at several nearshore stations off the
Sagavanirktok and Kuparuk rivers, at selected stations near Northstar, in the Proposed Action Area,
and historic BSMP stations (see Figure 3-8). A summary of this data for TSS for all stations in the
ANIMIDA and cANIMIDA study area during the open-water period and for a subset of stations in
the area of Northstar Island can be seen in Table 3-3 and Table 3-4 (Trefry et al., 2009).

Table 3-3 Total Suspended Solids Sampled During Open Water
Sampling Year | Samples Taken | TSS Mean = SD (mg/L) | TSS Maximum (mg/L) [ TSS Minimum (mg/L)
1999 31 30+ 27 119 2.9
2000 51 8.2+4.8 26 1.7
2001 34 51+21 8.7 0.9
2002 32 21+13 4.4 0.2
2004 45 13+ 16 64 0.5
2005 65 1.7+1.4 6.7 0.3
2006 26 1.3+0.7 4.0 0.4
Notes: SD = Standard Deviation; TSS=Total Suspended Solids

Samples taken from all ANIMIDA and cANIMIDA Sampling Stations in the study area during the open-water period.
Source: Trefry et al., 2009
The mean concentrations of TSS were higher for years 1999, 2000, and 2004. The very high TSS
value in 1999 is probably a reflection of the weather conditions under which it was collected. Much
of the 1999 data set was collected following a 5-day storm with greater than 20 knot winds. In
contrast, 2002, 2005, and 2006 data were collected during relatively calm conditions with
considerable sea ice throughout the study area (Neff, 2010a). During the 2000, 2001, and 2004
sampling periods, conditions were moderate with 5 to 15 knot winds during most of the sampling
period. During 2004, relative calm was encountered during most of the study period as reflected in
the low mean value for TSS in the Northstar area and in much of the study area. Thus during a given
summer, the mean and range of measured TSS concentrations typically reflect the winds and weather
(Neff, 2010a; Trefry et al., 2004).

Table 3-4 Total Suspended Solids Sampled near Northstar Island during Open Water
Northstar Area| Samples Taken | TSS Mean + SD (mg/L) | TSS Maximum (mg/L) | TSS Minimum (mg/L)

1999 17 38 £33 119 2.9
2000 35 7.3+4.0 16 1.7
2001 15 41+18 6.3 0.9
2002 11 25+15 4.4 0.2
2004 15 6.2+48 16 0.5
2005 9 1.4+0.8 3.6 0.8
2006 12 1.1+04 2.1 0.6

Notes: SD = Standard Deviation; TSS=Total Suspended Solids

Samples were taken from ANIMIDA and cANIMIDA Sampling Stations near Northstar Island during the open-water period.
Source: Trefry et al., 2009

As noted in Table 3-5 (Trefrey et al., 2009) TSS concentrations are strongly correlated with wind and
sea conditions during the open-water season. TSS concentrations tend to be low until the wind speed
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exceeds 20 knots when current and wave action intensifies. Bottom sediments are re-suspended and
TSS levels would increase to 50 mg/L to 100 mg/L or more under stormy conditions.

Data from the cANIMIDA and from many other vertical profiles and horizontal tows presented in
previous reports (Trefry et al., 2004) show no significant differences in turbidity or concentrations of
TSS in proximity (within 328 to 1,640 feet) to Northstar Island relative to other locations in the
ANIMIDA study area.

Table 3-5 Surface Water Relationship between Wind Speed and Total Suspended Solids
Wind Speed (Knots) TSS Concentration (mg/L)
Calmto 5 ~1-4
5-10 3-8
10 to 20 5to 15
>20 50 - >100

Under Ice <0.1-0.5

Notes: Relationship between wind speed and total suspended solids (TSS) concentrations in surface waters of the Beaufort Sea

development area during the open water season. Under- ice TSS concentration range is included for comparison.
Source: Trefry et al., 2004.

Winter — Ice Covered Period

In April 2000, as part of the ANIMIDA project, the concentrations of suspended-particulate matter at
various depths in the water column under about 6.5 feet 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 in the vicinity of the proposed Liberty Project Area (Boehm et al., 2001). TSS
measurements ranged from 0.14 mg/L to 0.58 mg/L, and turbidity measurements ranged from 0.15 to
070 nephelometric turbidity units (Boehm et al., 2001). These concentration ranges were lower than
the concentrations of suspended particulate matter in the column in August 1999. The ANIMIDA
Project also reported that during the winter ice covered season, TSS levels tend to be about 10 to
more than 100 times lower than values obtained during the open-water period averaging 0.25 +0.06
mg/L.

Suspended sediment concentrations measured during the winter construction of BF-37, a gravel island
located about 3 kilometers north of the Endicott Main Production Island (MPI), showed that TSS did
not increase significantly near the island. Suspended sediment concentrations were measured during
the first 7 days after fill placement at radial distances of 492 feet and 558 feet from the island. The
maximum TSS concentration increase relative to ambient conditions was 3 mg/L. It was speculated
that the sediment plume was limited by low under-ice currents, ice bonding of fine-grained material,
and the formation of silt/ice agglomerates (Coastal Frontiers, 2014).

TSS and the Stefansson Sound Boulder Patch

The Proposed Action Area includes an area commonly referred to as the “Stefansson Sound Boulder
Patch,” or simply Boulder Patch. The Boulder Patch is characterized by boulders, cobbles, and
pebbles that cover large areas of silt-clay sediment. The Boulder Patch supports the only known kelp
bed on the Alaskan Arctic coast (Dunton, 2005; Neff, 2010a) where the endemic Arctic kelp
Laminaria solidungula is abundant in the area. Growth and production of the kelp bed is regulated
primarily by photosynthetically active radiation (PAR) available during the summer open-water
period and any variation in underwater PAR caused by changes in water transparency can have
significant effects on the annual productivity of this species (Dunton, 2005).

The ANIMIDA and cANIMIDA Projects performed field surveys and monitored water quality
parameters during the summers of 2001 through 2006. The initial effort in the ANIMIDA Project was
focused on establishing a quantitative relationship between TSS and benthic kelp productivity
(Aumack et al., 2007; Neff, 2010a).
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The cANIMIDA Project elaborated further to determine the impact of sediment resuspension on kelp
productivity and to address any ecosystem change as related to anthropogenic activities from oil and
gas development, particularly in the proposed Liberty Project Area. Thirty sites from across the
monitoring area were sampled during the summers of 2004, 2005, and 2006 in order to describe the
spatial extent and patterns of TSS, light attenuation, chlorophyll, nutrients, and physicochemical
properties across Stefansson Sound (Neff, 2010a). A general trend of decreasing TSS with distance
offshore was observed in all three sampling years (see Figure 3-59, Neff, 2010a).

Dissolved and Particulate Metals

Trefry et al. (2009) noted that barium, copper, chromium, nickel, and lead comprised more than 85
percent of the TSS. The concentrations of these metals in the Beaufort Sea sediment are not
significantly influenced by anthropogenic inputs or diagenetic (transformation into sedimentary rock)
processes but assumed to be naturally occurring and originating from geophysical formations of the
rivers and their tributaries (Neff, 2010b). Neff (2010a) found no significant differences in
concentrations of TSS due to oil and gas operations near Northstar Island relative to the overall
CANIMIDA study area.

Climate Change and Ocean Acidification

Ocean acidification in the marine environment is occurring as carbon dioxide (CO3) increases in the
atmosphere and the ocean absorbs more CO, (AMAP, 2013). This increase in CO; forces an increase
in hydrogen ion concentration and a lowering of pH over time. Decreasing pH changes the
equilibrium of the inorganic carbon system in the sea by reducing the concentration of carbonate ions
(CO3572), an essential molecule for many organisms that produce structures of calcium carbonate
(CaCO0:s).

Researchers (AMAP, 2013; Steinacher et al., 2009; IPCC, 2013; Mathis et al., 2015a; Mathis et al.,
2015b; Mathis et al., 2014; Mathis, Cross and Bates, 2011) found that the greatest degree of ocean
acidification worldwide is predicted to occur in the Arctic Ocean (AMAP, 2013). This amplified
scenario in the Arctic is related to:

e \Warming air temperatures; sea-ice decrease resulting in a greater surface area of the sea
exposed to atmospheric CO2;

e increases in the occurrences of phytoplankton blooms;

e increased freshwater from snowmelt, ice-melt, and rivers discharged to the marine
environment;

e decomposition in the sea of land-originated organic matter, and
e increase in storm frequency and intensity forcing mixing and upwelling of organic matter.

If CO2 continues to increase in the atmosphere at the current rate, it is predicted that the future rate of
pH decrease would be greater than the current rate of pH decrease (Mathis et al., 2015a; Mathis et al.,
2015b; Mathis et al., 2014; Steinacher et al., 2009; IPCC, 2013).

Increasing ocean acidification is predicted to cause changes in ecosystem processes and present
additional stressors to organisms in the Arctic (Mathis et al., 2015a; Mathis et al., 2015b; Mathis et
al., 2014; AMAP, 2013; Kroeker et al., 2013; Steinacher et al., 2009; Bednarsek et al., 2014; Fabry et
al., 2008, 2009). Decreased thickness of calcium carbonate structures, and in some cases increased
structure thickness, has been demonstrated with depressed pH (Reis et al., 2009). Decreased pH can
also affect other important physiological functions such as cell function (Rossi et al., 2015; Portner,
2008; Dupont et al., 2008).
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The Arctic Monitoring and Assessment Programme notes:

“Sea-ice cover, freshwater inputs, and plant growth and decay can also influence local
ocean acidification. The contributions of these processes vary not only from place to
place, but also season to season, and year to year. The result is a complex, unevenly
distributed, ever-changing mosaic of Arctic acidification states” (AMAP, 2014).

3.1.5 Air Quality

Air quality describes that portion of the atmosphere, external to buildings, to which the general public
has access (where people breathe) and the rating of air quality is based on the cleanliness of the air
relative to established standards. On a geographic scale, and having no natural boundaries, air quality
is assessed relative to local sources of pollutants that have both local and regional areas of effect, and
in the case of greenhouse gases (GHGS), a global effect. The affected environment is assessed by
determining the current status of local air quality of onshore areas adjacent to the Beaufort Sea OCS
Planning Area, and examining the sources of regulated pollutants already present in the Proposed
Action Area.

The Environmental Impact Analysis provided as Appendix A to the Liberty DPP provides an in-depth
description of the air quality over the area of affected environment. This analysis is incorporated here
by reference and summarized below, with additional supporting and new scientific information
included where available.

Contaminants that deteriorate the quality of ambient air can, when present in sufficient concentrations
and for sufficient time, cause poor air quality that endangers human health and the environment. The
pollutants may be comprised of gaseous, liquid, or solid substances. Contamination of ambient air can
be the result of both natural (biogenic) factors such as volcanic eruptions and spontaneous forest fires,
and man-made (anthropogenic) factors such as burning of fossil fuels. Poor air quality occurs when
concentrations of pollutants from these sources reach levels high enough to be a danger to human
health and the environment.

To discern what constitutes poor air quality and where it occurs, EPA has established National
Ambient Air Quality Standards (NAAQS) along with a monitoring system to identify geographical
areas where the standards are exceeded. The NAAQS are comprised of science-based “limiting
criteria” which define maximum concentrations of six air pollutants the U.S. Congress defines as
having the potential to endanger human health and the environment when found in high enough
concentrations. Each state can also establish their own standards for air quality, but these must be at
least as stringent as the NAAQS. The six pollutants assigned limiting criteria under the NAAQS,
referred to as the “criteria” pollutants, include:

e Carbon monoxide (CO)

o Lead (Pb)
¢ Nitrogen dioxide (NO3), including the family of mono-nitrogen oxides (NOy, i.e., NO and
NO>)

o Ozone (O3)
e Particle pollution, including:

- Inhalable Course Particles (PM1o) (particles with a diameter of 10 micrometers or
smaller)

- Fine particles (PM25) (particles with a diameter of 2.5 micrometers or smaller)

e Sulfur dioxide (SO3), including the family of sulfur oxides formed when fuel containing
sulfur is burned
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The NAAQS and the Alaska Ambient Air Quality Standards (AAAQS) valid at the time this
document was prepared are summarized in the Liberty EIA, Table 3.4-1 (Hilcorp, 2015, Appendix A,
Section 3.4, Table 3.4-1).

Standards for each of the criteria pollutants (referred to as “indicators”), are comprised of several
elements, including limiting criteria, which are associated with one or more unique “averaging
times,” where the frequency of occurrence is limited by the “form” of each standard. Every 5 years
the EPA reviews each standard, and if necessary revises them. Thus, periodic reviews may result in
the designation of new limiting criteria, updated averaging times, or revised forms for compliance.

The four elements of a standard are:

o Indicators — The six potentially harmful pollutants that are valid at the time of the preparation
of this environmental review and listed above. Congress focused regulatory attention on these
six pollutants because they have been found to endanger public health and the environment at
certain concentrations, are widespread throughout the United States, and come from a variety
of sources.

e Limiting criteria — The science-based maximum concentrations below which healthful
outside (ambient) air is presumed to exist. Concentrations are expressed as the mass of
pollutants per volume unit of ambient air; for instance, parts per million (ppm) or micrograms
per cubic meter (ug/md).

e Averaging time — The time periods associated uniquely with each pollutant and limiting
criteria. The period of time over which concentrations of the pollutant are averaged; health
effects are assumed derived from controlled human exposure studies or based on
environmentally-based criteria. Averaging times may be short-term (e.g., 1-hour, 3-hour) or
long-term (i.e., annual mean).

e Form - The conditions that define compliance to the NAAQS. For instance, compliance
requires that the 8-hour average concentration of CO cannot exceed 9 ppm more than once
per year, and the rolling 3-month average concentration of Pb cannot exceed 0.15 pg/m? at
any time. There is a published form for each standard.

In addition, there are two types of NAAQS: primary and secondary standards, where each standard —
whether primary or secondary — includes an indicator, the limiting criteria, the averaging time, and
form. Primary standards are established based on human health and focus on the health of sensitive
populations such as asthmatics, children, and the elderly; secondary standards are based on public
welfare and focus on protecting the environment, preventing property damage, protecting against
decreased visibility, and preventing damage to animals, crops, vegetation, and buildings. While some
NAAQS have separate and distinct primary and secondary standards, other NAAQS are assigned a
single value for both types. Some NAAQS have no established secondary standard, but all NAAQS
have at least a primary standard.

The EPA demarcates air quality control regions (AQCRs) that define geographical areas of
homogeneous air quality characteristics and then designates the areas as nonattainment or attainment
relative to each of the NAAQS. The AQCRs are not sensitive to city, county, or state boundaries. The
AQCRs are designated by the EPA pursuant to Sec. 107 of the CAA (42 U.S.C. Section 7407) and are
listed in 40 CFR Part 81.

If pollutants exceed any of the NAAQS, or contribute to NAAQS non-compliance in a nearby
onshore area relative to either primary or secondary standards, EPA may designate the AQCR as a
“nonattainment area.” An AQCR is designated “attainment,” for specific pollutants in areas where a
pollutant does not exceed either a primary or secondary NAAQS. An area may be designated
nonattainment for one standard and attainment for another over the same geographical area.

3-20 Description of the Environment



BOEM Liberty Development and Production Plan Final EIS

The EPA further categorizes attainment areas into Class I, Class Il, and Class 111 Areas. Class | Areas
are defined in the CAA as federally owned land for which Air Quality Related Values (AQRV) are
resources that are sensitive to air quality impacts. The incremental amount of degradation to air
guality, including visibility allowed within Class | Areas, is limited (prevention of significant
deterioration [PSD] increment) and depends on the baseline pollutant concentrations than Class Il
areas. Less rigorous requirements are established for Class Il Areas, and even less structure is
required for Class Il attainment areas. There are currently no Class 1l areas in the U.S., and areas
that are not designated as Class | areas are by default designated as Class Il areas. The EPA
recommends any proposed new or modified source of emissions located within 62 miles of a Class |
area should be evaluated for potential adverse air quality or AQRV impacts on the Class | Area. This
regulatory framework is intended to ensure that new or modified emission sources do not cause or
contribute to exceedances of the NAAQS, nor adversely impact AQRVs in Class | areas.

The air quality status within an AQCR applies only to onshore areas, as the EPA does not classify the
quality of air above State waters or the OCS. Compliance with the NAAQS is the responsibility of the
state for the atmosphere above state waters extending from the shoreline to the seaward boundary,
which in Alaska is 3 nautical miles (nmi) beyond the shoreline. BOEM is responsible for the control
of OCS sources of air emissions located within the Beaufort Sea OCS Planning Area — an area of
Federal waters which extends from the seaward boundary to 200 nmi.

3.1.5.1 Attainment Status

The current status of onshore air quality adjacent to the Beaufort Sea OCS Planning Areas is
designated by the EPA as unclassifiable/attainment. Also, there is no Class | Area within 62 miles of
the Alaska North Slope (ANS).

3.1.5.2 Jurisdictional Authority for Air Pollution Control

Air pollution prevention and control of new or modified sources within the Beaufort Sea OCS
Planning Area is regulated by BOEM pursuant to its regulations at 30 CFR Part 550 subpart C.

These regulations require controls on new and modified OCS sources that they have the potential to
significantly affect the air quality of any state. The regulations may require compliance with the EPA
Significant Impact Levels (SILs) [40 CFR Section 51.165(b)(2)] and the EPA Prevention of
Significant Deterioration (PSD) levels [40 CFR Section 52.21(c)]. The BOEM regulation is further
dependent on the air quality attainment status of the affected onshore area.

3.1.5.3 Existing Emissions

Emission sources likely responsible for existing air quality conditions are related to current levels of
onshore and offshore industry. The existing sources of pollutants adjacent to the Beaufort Sea OCS
Planning Area vary considerably in quantity and type. There are relatively few offshore and onshore
sources on and near the ANS. Most are associated with the operation of the Prudhoe Bay oil field and
the several relatively small villages located along the coast of the ANS. Existing annual emissions
onshore and offshore along the ANS are summarized in Table 3-6.

Table 3-6 Existing Emissions (Tons per Year)
Pollutant Offshore| Onshore | Total
Nitrogen Oxides 1,816 45,734 47,550
Sulfur Dioxide 38 1,235 1,273
Volatile Organic Compound 106 2,886 2,992
Carbon Monoxide 249 14,002 14,251
PMa1o 36 35,644 35,680

PM3s 27 4,771 4,780

Lead 0.005 0.325 0.330

Carbon Dioxide equivalent | 141,933 |13,796,135|13,938,067
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Pollutant Offshore| Onshore | Total
Hazardous Air Pollutant 18 390 408
Hydrogen Sulfide 0.0 196 16
Ammonia 0.7 4.4 5.2

Source: Fields, Billings, and Pring et al. (2014, Table VI-1).
3.1.5.4 Arctic Haze

Air gquality on the ANS can be affected by a phenomena referred to as “Arctic haze.” Arctic haze is
most frequently visible during the winter and spring months and is the result of the long-range
transport of pollution mainly from coal-burning power plants in the Eurasian mid-latitude countries of
Russia and China. The poleward transport of the aerosols from Eurasia occurs under the influence of
high pressure systems causing the aerosols to be concentrated within the lower 10,000 feet of the
atmosphere in the same general location each year. The haze is comprised of aerosols such as smoke,
particle matter, sulfates, and black carbon, all of a diameter generally less than 1.0 micrometer in
diameter, and trace gas pollutants such as ozone. The aerosols may have a regional effect on climate
change because they increase the number and concentration of cloud droplets. Zhao and Garret (2014)
found that in Utgiagvik, Alaska, the net radiative effect of clouds is to warm the surface during all
months except June through September. They also found the average indirect warming effects from
the aerosols over the Arctic to be modest because the clouds are present and polluted only one quarter
of the time.

3.1.6 Climate Change

Climate change in the context of this FEIS is defined as the unusually rapid change in the Earth’s
average (or net) surface temperature over the past century, which is primarily due to GHGs released
from the burning of fossil fuels. Although the Earth’s climate is naturally variable, the current
concern with global climate focuses on how this change is accelerating.

Fluctuations in the global climate are the consequence of the Earth’s energy budget (radiation
balance), which is the system of heat transfer between the earth and the sun; a natural process that
seeks equilibrium (NASA, 2016). When the system’s natural radiation balance is modified by excess
GHGs in the atmosphere, an acceleration of net warming occurs.

The Intergovernmental Panel on Climate Change (IPCC) released its Fifth Assessment Report (AR5)
in 2013, providing updates with respect to global climate change. Scientific publications on climate
change impacts, adaptations, and vulnerabilities doubled between 2005 and 2010. While the science
of climate modeling is evolving, scientists generally agree the warming trend is accelerating at a
remarkable rate, which is, at least in part, the result of increased emissions of GHGs produced by
human activities (IPCC, 2013). The United Nations Framework Convention on Climate Change
suggests that climate change is attributable to human activities that have altered atmospheric
composition and caused climate variability beyond what can be explained by natural causes; the IPCC
explains that recent climate changes cannot be explained by natural causes alone, and that it is likely
that human activities have been the dominant cause of warming (IPCC, 2013). Not yet apparent are
the impacts to many biological systems, as many impacts are still within natural high variability, and
may be further influenced by confounding local and regional factors (IPCC, 2013); however, the
scientific confidence that these changes will occur is high.

3.1.6.1 Greenhouse Gases

GHGs are chemical compounds that contribute to the greenhouse effect by absorbing infrared
radiation from the sun. When an overabundance of GHG is present in the lower atmosphere, more
heat can be trapped, and the net temperature of the Earth increases. Some GHGs, such as CO3, are
emitted to the atmosphere both through human activities and natural processes. Other GHGs are
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created and emitted solely through human activities. The three most abundant GHGs caused by
human activities are:

Carbon dioxide. 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. CO; is
removed from the atmosphere when it is absorbed by plants as part of the biological carbon cycles
(EPA, 2011d). Concentrations of CO> have increased steadily since the beginning of the industrial
era, from an annual average of 280,000 parts per billion (by volume) (ppbv) in the late 1700s to
396,000 ppbv, or 0.0396 percent, at Mauna Loa Observatory in 2013 (EPA, 2014d). COx is not
destroyed in the atmosphere over time; some molecules may remain in the atmosphere for 50 to 500
years before it is absorbed by plants. The graphs in Figure 3-9 depict recent increases in CO»
emissions.

Methane (CH4). The warming impact from emissions per pound of CH, is over 20 times greater than
CO; (EPA, 2014a). CH4 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). Concentrations of CH4 have more than
doubled since preindustrial times, primarily due to the use of fossil fuels; CH4 concentrations were
measured at 1,800 ppbv, or 0.00018 percent, in 2013 (EPA, 2014d). Methane remains in the
atmosphere for an average of 12 years.
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Figure 3-9 Global Atmospheric Concentrations of Carbon Dioxide over Time

These graphs show the concentrations of CO; in the earth’s atmosphere dating back hundreds
of thousands of years through 2013, measured in parts per million (ppm). The graph on the
right shows the increase of CO2 emissions in the past 63 years until 2013.

Source: EPA 2014d

Nitrous oxide (N2O). The impact of one pound of N-O is over 300 times that of one pound of CO,
with respect to the ability to absorb heat (and thus retain it in the atmosphere) (EPA, 2014a). N2 O is
emitted during agricultural and industrial activities, as well as during combustion of fossil fuels and
solid waste (EPA, 2011d). After rarely exceeding 280 ppbv over the last 800,000 years, levels of N,O
have increased since the 1920s to a new high of 326 ppbv, or 3.2E-5 percent, due primarily to
agriculture (EPA, 2014d). Nitrous oxide molecules remain in the atmosphere for an average of 120
years, until transformed through chemical reactions.
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3.1.6.2 Systems Driving Global Climate Change

Climate zones are controlled by various topographical, oceanographic, and meteorological features
(Ahrens, 2013). These features include intensity of sunshine (which can vary by latitude), distribution
of land and water, ocean currents, prevailing winds, high- and low-pressure areas, mountain barriers,
and altitude. The natural fluctuations of these systems can have an impact on the climate, both locally
and on the global scale.

The Pacific Decadal Oscillation (PDO), the North Atlantic Oscillation (NAO), and the Arctic
Oscillation (AQ) are all patterns of climate variability that are believed to influence global and Arctic
climate. Figure 3-13 illustrates the AO from 1950 through 2014. The PDO describes the fluctuation in
northern Pacific sea surface temperatures that alternate between above normal (negative phase) and
below normal (positive phase). These cycles operate on a 20- to 30-year time scale (NOAA, 2011),
and are believed to be associated with shifts in the climate of the North Pacific around 1948 and 1976
(Bond, 2011). The last major shift in the PDO occurred in 1976 to 1977, marking a change from cold
to warm conditions in Alaskan waters (Bond, 2011).

The NAO is a climate system that is the dominant mode of winter climate variability for a geographic
area extending from the North Atlantic region to central North America, Europe, and Northern Asia.
The NAO is a large-scale 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.

Negative Arctic Oscillation (November 1 — December 15, 2010) Positive Arctic Oscillation (November 1 — December 15, 2011)
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Figure 3-10 Arctic Oscillation Phases

Diagram shows the approximate average locations of high and low pressure centers and the jet stream,
defining the negative and positive phases of the Arctic Oscillation, superimposed on a world temperature map

of 2010 and 2011. During the negative phase, winds become weaker and the jet stream develops a deep trough
over the central United States, allowing cold air to drive southward (Douglas, 2012). The positive phase shows
low pressure over the polar region and higher pressure in the Northern Pacific and Northern Atlantic Oceans.

Source: Adapted by BOEM from Douglas 2012.
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The AQ is a climate cycle system that influences climate patterns in the Arctic. The AO is very
similar to the NAO with respect to timing and effects on local temperatures and precipitation. The AO
is defined by the location of synoptic surface pressure patterns (highs and lows) at the polar and
middle latitudes that, on occasion, nearly reverse position, and “oscillate” between positive and
negative phases from one winter to the next.

Graphs of the historical occurrence of the annual AO index, whether positive or negative, are shown
on Figure 3-10. On the graphs, the positive phases of the AO are indicated by marks above the zero-
line, and the negative phases, below the line. Since the 1950s, the AO has fluctuated between the
negative and positive phases, being mostly negative through the 1990s, when a more intense positive
phase prevailed. During the 2000s, the AO has fluctuated, having a more intense negative phase in
2010, followed by another positive phase. The AO can change from a positive to negative mode, or
vice versa, in a matter of weeks. The increase in incidence of the AO negative phase supports
continued warming in the Arctic Ocean and Alaska (NASA, 2011).

3.1.6.2.1 Global Temperature

Scientists began to derive equations in the 1860s that are still used to calculate how changes in the
levels of carbon dioxide in the atmosphere can alter the surface temperature through the greenhouse
effect. The greenhouse effect is the process by which radiation from a planet's atmosphere warms the
planet's surface to a temperature above what it would be without its atmosphere (IPCC, 2013).

Evidence from ice-core data from Antarctica has been used to determine the historical record of
temperature versus the concentration of carbon dioxide from 420,000 years ago to present, as
depicted on Figure 3-11. The core analysis, from which this figure’s data was derived, shows that
CO; and CH4 concentrations correlate with the Antarctic isotopic temperature (Petit, Jouzel, and
Raynaud et al., 1999).

The figure below illustrates that in the past, the main trends of CO, concentration and temperature
changes are similar for each glacial cycle. The last ice age ended approximately 7,000 years ago,
marking the beginning of the current climate era and the onset of human civilization. Most climate
changes are attributed to very small variations in Earth’s orbit that change the amount of solar energy
the planet receives (IPCC, 2013).

The notable spike in CO; shows that present-day atmospheric burden of CO; is unprecedented during
the past 420,000 years (Petit, Jouzel, and Raynaud et al., 1999) and of particular significance since it
is very likely human-induced (IPCC, 2013).
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Figure 3-11 Chronological Temperature and CO2 Concentrations

This image reflects results from ice-core data collected from the Vostok site in Antarctica and
published in the British journal, Nature. The graph shows the correlation between CO;
concentration levels, over time, and temperature changes through four glacial cycles dating
back 420,000 years. The graph measures the concentration of CO, in units of parts per
million by volume (ppmv) against temperature in degrees Celsius, against the years “before
present” (B.P.) in demarcations of 10,000 years. The thicker lines of temperature beginning
approximately 100,000 B.P. are the result of more copious data than was available for the
previous periods.

Source: Petit et al. 1999

The U.S. Global Change Research Program (USGCRP) estimated that increases in average global
temperatures are expected to be within the range of 0.5°F to 8.6°F by 2100, with a likely increase of
at least 2.7°F for all scenarios except the one representing the most aggressive mitigation of
greenhouse gas emissions. Except under the most aggressive mitigation scenario studied, global
average temperature is expected to warm at least twice as much in the next 100 years as it has during
the last 100 years. Ground-level air temperatures are expected to continue to warm more rapidly over
land than oceans. Some parts of the world are projected to see larger temperature increases than the
global average (USGCRP, 2014). By 2100, the average U.S. temperature is projected to increase by
about 3°F to 12°F, depending on emissions scenario and climate model. An increase in average
temperatures worldwide implies more frequent and intense extreme heat events, or heat waves. The
number of days with high temperatures above 90°F is expected to increase throughout the United
States, especially toward the end of the century. Climate models project that if global emissions of
greenhouse gases continue to grow, summertime temperatures in the United States that ranked among
the hottest 5 percent in 1950 through 1979, will occur at least 70 percent of the time by 2035 through
2064 (IPCC, 2013). Figure 3-12 illustrates the IPCC (2013) modelling.
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Figure 3-12 Observed and Projected Changes in Global Average Temperature
Observed and projected changes in global average temperature under four emissions
pathways. The vertical bars at right show likely ranges in temperature by the end of the
century, while the lines show projections averaged across a range of climate models.
Changes are relative to the 1986-2005 average.

Source: IPCC 2013

3.1.6.2.2 Sea Level Rise

The global sea level has risen and fallen by approximately 400 feet in the past four glacial cycles
(since approximately 400,000 years ago) (Siddall et al., 2003). The global sea level rise in the last
century is approximately 6.7 to 7.5 inches (USGCRP, 2014) (IPCC, 2013). Since 1992, satellite
altimeters indicate that the rate of rise has increased to 1.2 inches per decade—a significantly larger
rate than at any other time over the last 2,000 years (NOAA, 2016).

An increase in the global net temperature contributes to sea level rise by expanding the ocean water
(by increasing the net temperature of the seawater), melting mountain glaciers and polar ice caps, and
causing portions of Greenland and Antarctic ice sheets to melt into the ocean.

3.1.6.2.3 Ocean Acidification

The oceans are natural reservoirs of inorganic carbon. About 30 percent of the total anthropogenic
emissions of CO2 accumulate in the ocean, which is resulting in gradual increased acidification. This
additional CO; and corresponding decrease in ocean pH levels increases potential threats to the health
of the world’s oceans ecosystems (IPCC, 2013).

Seawater that is supersaturated with calcium carbonate minerals typically supports abundant healthy
marine life. Calcium carbonate minerals provide the means for calcifying organisms to build their
skeletons and shells. Continued ocean acidification would cause some parts of the ocean to become
less saturated with the needed mineral, which is likely to affect the ability of some organisms to
produce and maintain their shells (NOAA, 2014b). See Section 3.1.4, Water Quality, for additional
detail on ocean acidification.
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3.1.6.2.4 Polar Ice Conditions

Data from NASA's Gravity Recovery and Climate Experiment show Greenland lost 36 to 60 cubic
miles of ice per year between 2002 and 2006, while Antarctica lost about 36 cubic miles of ice
between 2002 and 2005.

3.1.6.3 Climate Change in the Arctic

The climate is changing faster in the Arctic than any other region in the world (NOAA, 2014a).
Temperature recordings taken by the National Weather Service Office in Utgiagvik from 1961
through 2010 and compiled by the Western Regional Climate Center in Reno, Nevada provide
evidence of the warming in the Arctic (WRCC, 2014). The temperature recordings show that
Utqgiagvik’s mean temperature increased from 9.4°F during the 30 years from 1961 to 1990, to 11.8°F
during the 30 years from 1981 to 2010, an increase of 2.4°F (Figure 3-13).
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Figure 3-13 Chronological Arctic Oscillation Phases
The charts show the changes in the Arctic Oscillation beginning in 1950 until 2010 (left) and
in the decade of the 2000s (right).
Source: NOAA, 2014b

Evidence of the Arctic climate warming is also supported by traditional knowledge from Alaska
Native communities along the Beaufort and Chukchi seas. The IPCC noted that evidence of climate
change is more apparent in natural systems, notably global warming, shifts in precipitation patterns
and ocean acidification (IPCC, 2013). Residents of these communities have reported changes in
thickness of sea-ice, increased snowfall, drier summers and falls, warmer temperatures, reduced river
and lake ice, permafrost degradation, and increased storms and coastal erosion. Changes reported by
local residents are generally consistent with the scientific evidence of climate change (NSIDC, 2011),
and include the following:

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

e Water temperatures in the Arctic Ocean have increased

e Changes in salinity of the Arctic Ocean has occurred

e Sea levels are rising

e Glaciers are retreating

e Terrestrial precipitation is increasing

e Permafrost is warming
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e The tree line is migrating northward

Although verifying 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, support these trends (ACIA, 2004 and ACIA, 2005):

e A warming trend in the Arctic of 0.160°F per decade compared to 0.110°F, per decade, for
the globe

e A warming trend of 0.70°F per decade over the last four decades

e Precipitation increase of approximately 1 percent per decade over the past century
e Snow extent decrease of approximately 10 percent

e Permafrost warming almost 3.6°F over the past three decades

o Arrisein Arctic Sea level of 3.9 to 7.9 inches in the past century

e An 8 percent decrease in annual average sea-ice extent over the past three decades

e A 15 percent to 20 percent decrease in the extent of summer sea ice over the past three
decades

e A mean annual increase in temperatures of 4° to 5°F over the last 50 years
e A decrease in sea-ice thickness by 42 percent since the middle 1970s
e Anincrease in winter temperatures of 6° to 7°F over the past 50 years

Changes in the Arctic climate are illustrated in reductions in sea ice over the past several decades.
According to the National Aeronautics and Space Administration (NASA), the annual minimum
summer extent of Arctic ice coverage in September 2013 was 1.97 million (M) mi2. The extent of sea
ice varies from year to year; for example, the 2012 annual minimum summer extent was 1.32M mi?,
about half the size of the average minimum extent from 1981 to 2010. According to NASA:

“The trend with decreasing sea ice is having a high-pressure area in the center of the
Arctic, which compresses the ice pack into a smaller area and also results in clear skies,
which enhances melting due to the sun.” Further, “(t)he character of the ice is
fundamentally different: It's thinner, more broken up, and thus more susceptible to melt
completely. This year [2013], the cool temperatures saved more of the ice. However, the
fact that as much of the ice melted as it did is an indication of how much the ice cover
had changed. If we had this weather with the sea ice of 20 years ago we would have had
an above-normal extent this year [2013]” (NASA, 2013).

Because thinner ice melts faster than thicker ice, the average thickness of Arctic ice is expected to
decrease further, particularly the extent of the summer ice. NASA predicts that at this rate, Arctic
summer ice may disappear completely within this century (NASA, 2013).

Continued loss of sea ice could cause further warming through albedo feedback. Albedo feedback
occurs when a change in the area of snow-covered land, ice caps, glaciers, or sea ice alters the
reflectivity of a surface. Albedo (i+) is a value that indicates the reflective ability of a surface from 0
to 1. Generally, the whiter the surface, the more reflective it is, and the value tends toward 1;
conversely, the darker the surface, the less reflective it is, and the value tends toward 0. Cooling
increases ice coverage and increases the albedo. Increased albedo leads to increased cooling as the
amount of solar energy absorbed is minimized. Conversely, decreased albedo leads to increased
warming as the amount of solar energy absorbed is maximized (Deser, Walsh, and Timlin, 2000).

In the warming Arctic climate, this feedback loop has the potential to:
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e Increase sea levels; alter the salinity of the Arctic marine environment, including the Beaufort
Sea (NASA, 2013);

e Cause an increased release of CH. into the atmosphere due to melting of permafrost; and

e Increase storm tracks, patterns of precipitation, and the frequency and severity of cold-air
outbreaks in middle latitudes (ACIA, 2005).

Table 3-7 shows comparisons of the albedo values for three surfaces.

Table 3-7 Ice-Albedo Comparisons

Surface Cooling (I+, percent reflected) |Heating (percent absorbed)
Ice 50% 50%

Snow covering ice 90% 10%

Open Ocean 6% 94%

Source: NSIDC, 2014b.

Soot, or Black Carbon (BC), plays a role in short-term climate effects in the Arctic. The particles that
comprise BC are created by the combustion of fossil fuels and by forest fires. BC particles can
originate in other countries and be transported to the Arctic. The dark color of the particles decreases
albedo after deposition on the ice and snow, causing incoming radiation to be absorbed. Unlike
GHGs, the particles of BC are short-lived in the atmosphere, with a lifetime of days to weeks. There
is a “cloud” of BC that occurs over the Arctic from early winter until springtime. 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. The visual effect of BC also makes the impacts more immediately
recognizable than impacts from GHGs.

The greatest degree of ocean acidification worldwide is predicted to occur in the Arctic Ocean. This 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 calcium carbonate in the seawater
(‘Yamamoto-Kawai, 2009).

3.2 Biological Environment
3.2.1 Lower Trophic Level Organisms

The lower trophic organisms living within the Beaufort Sea OCS consist of three diverse and
abundant groups (Hopcroft et al., 2008). These are the pelagic, the epontic, and the benthic
organisms.

3.2.1.1 Pelagic Communities

The pelagic communities are comprised primarily of two groups living at the surface and near-surface
levels, the phytoplankton and zooplankton. Phytoplankton are the one-celled algae adapted to living
in the photic zone (the upper areas where light penetration is adequate for phytoplankton) in the upper
layers of the ocean surface. Within Arctic waters, the combination of cold temperature, sea ice, and
seasonal fluctuations in light regimes creates variation in the timing and extent of seasonal blooms.
Phytoplankton blooms (including concurrent zooplankton organisms) tend to occur in two separate
events of early and late summer, generally from July to August. The density and duration of the
blooms are dependent upon weather conditions and nutrient fluxes (Horner and Schrader, 1982).
Zooplankton consist of permanent residents of the planktonic such as copepods, and animals
exhibiting complex life cycles that include a developmental stage within the spring plankton blooms
such as the larvae of fish, crustaceans, barnacles, polychaetes, and mollusks (Hopcroft et al., 2008).
The pelagic expanses between the surface and the benthic realms support diverse and abundant
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populations, including the larvaceans, pteropods, ctenophores, jellyfish, salps, squid, and other
invertebrate organisms that contribute to the productivity of the region (Hopcroft et al., 2008).

3.2.1.2 Epontic Communities

The epontic organisms are the ice dwellers, or organisms that live on or in the matrix of the ice
(Gradinger, Bluhm, and Iken, 2010). These organisms include the ice algae, amphipods, nematodes,
polychaetes, and euphausiids (Hopcroft et al., 2008). Ice algae blooms are essential to the primary
productivity of the region (Horner and Schrader, 1982) and other epontic organisms are important
contributors to the food web (Bradstreet and Cross, 1982). Relative to ice-covered and break-up
months, the ice-associated organisms listed previously are not present in high abundances in the open
water and early ice-up seasons.

3.2.1.3 Benthic Communities

The final group are the benthic organisms, consisting of groups living within the upper sedimentary
matrix (infaunal organisms) and those living on or just above the benthic surface, or strongly
associated with the benthic surface (epifaunal organisms). Offshore benthic communities can be quite
diverse, but organisms commonly found in surveys include echinoderms, sipunculids, mollusks,
polychaetes, copepods, sponges, corals, and amphipods (Dunton, Schonberg, and McTigue, 2009;
Rand and Logerwell, 2011).

Most seafloor substrates on the Beaufort Sea OCS consist of aggregations of fine sands, muds, and
silts, with percentages of substrate consisting of mud ranging from 17 percent to 84 percent (USDOI,
BOEM, 2010). Site-specific geotechnical information is available through HAK’s proprietary
Geotechnical Report (File folder 236, 3A). Limited extents of scattered cobblestone or pebbles may
be found at shallower depths (Dunton, Schonberg, and McTigue, 2009). A focus on differences in
communities based on physical factors is addressed in the BOEM sponsored CANIMIDA studies on
hydrocarbon chemistry and substrate composition (USDOI, BOEM, 2010), and the 2006 Final
Seismic Programmatic Environmental Assessment.

The Boulder Patch (Figure 3-1) is an area within Stefansson Sound generally defined by having a
greater than 10 percent cover of small boulders and cobblestone on the benthic surface (Martin and
Gallaway, 1994). This hard bottom benthic surface supports the richest and most diverse biological
communities known in the Beaufort Sea (Dunton, Reimnitz, and Schonberg, 1982). These hard
bottom surfaces were discovered by USGS marine geologists looking for evidence of oil-rich
geological formations during the summers of 1971 and 1972 (Reimnitz and Ross, 1979). Biological
surveys in the late 1970s and early 1980s confirmed the existence of benthic substrates consisting of
cobble and boulders with diverse epilithic communities of large kelp (such as Laminaria solidungula)
and corals (such as Gersemia rubiformis) growing on the rocks, along with benthic communities
consisting of more than 140 types of sponges, bryozoans, polychaetes, clams, snails, copepods,
amphipods, cumaceans, seastar, and tunicates (Dunton and Schonberg, 2000). The kelp in the Boulder
Patch is an important component of the highly diverse community, especially as a source of carbon
(Dunton and Schell, 1986, Dunton and Schell, 1987). Laminaria solidungula, the dominant species of
kelp in the Boulder Patch, is well adapted for low light conditions; most of its annual linear growth
occurs in under-ice darkness during the winter (Dunton, Reimnitz, and Schonberg, 1982; Dunton and
Jodwalis, 1988). Continued studies have examined the impacts of disturbance (Konar, 2007; Konar,
2013) as well as characterizations of the community assemblages (Dunton, Reimnitz, and Schonberg,
1982; Dunton and Schonberg, 2000; Konar and Iken, 2005; Wilce and Dunton, 2014). Current
knowledge indicates that the Boulder Patch is a relatively small area of high benthic diversity in a
larger region affected by frequent seasonal perturbations.
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3.2.1.4 Climate Change

Due to climate change processes described in Section 3.1.6, such as ocean acidification, global
temperature, and polar ice conditions, the current communities of lower trophic organisms are
expected to change throughout the life of the project. Impacts on lower trophic level organisms
include direct synergistic impacts such as changes in the timing and magnitude of plankton blooms,
physiological changes from altered ocean pH and temperature, and habitat modification that could
occur as a result of melting ice, shoreline erosion, and sea level rise. A primary impact of ocean
acidification is that it depletes seawater of the carbonate compounds—aragonite and calcite—that
many marine creatures need to build shells and skeletons (Fabry et al., 2008). As a result, ocean
acidification hinders organisms such as corals, crabs, seastars, sea urchins, and plankton from
building the protective armor they need to survive. Rising acidity also affects the basic functions of
fish, squid, invertebrates, and other marine species, including detrimental effects on metabolism, and
respiration, which can thwart their growth and lead to higher mortality (Fabry et al., 2008). In
addition, ocean acidification has the potential to profoundly affect the growth and toxicity of
phytoplankton associated with harmful algae blooms (HABs) (Tatters, Fu, and Hutchins, 2012; Fu,
Tatters, and Hutchins, 2012). These impacts can have far-reaching effects on the structure of the food
web, with some predators forced to eat non-optimal prey items. Habitat modification will expand the
range for some species, while reducing it for others. In addition, the decrease of the extent of the
Acrctic ice pack impacts the epontic community, and subsequently, the pelagic and benthic
communities. Warming ocean temperatures associated with climate change may increase all types of
plankton growth rates and generation times in the region of the Proposed Action, and change the
composition of lower trophic populations as warmer seas, open water, and increased radiative energy
from the sun increases.

3.2.2 Fish
3.2.2.1 Aquatic Environment

Fish occupy a variety of habitats in the U.S. Beaufort Sea, including marine, brackish (mix of fresh
water and saltwater), and freshwater areas. They are an important link in the food web. The Proposed
Action Area is home to marine, diadromous (life cycle includes both marine and freshwater
components), and nearshore freshwater fishes (Craig, 1984; Craig and Haldorson, 1986; Logerwell et
al., 2015).

3.2.2.2 Fishinthe Proposed Action Area
3.2.2.2.1 Cods

Arctic and saffron cod are both found in the Proposed Action Area. Arctic cod is widely distributed
throughout the U.S. Arctic, including the pelagic (in the open water column), demersal (near the
seafloor), and nearshore environments of the Beaufort Sea. The absolute numbers of Arctic cod and
their biomass is one of the highest of any finfish in the region (Logerwell et al., 2011; Frost and
Lowry, 1983). Many species of vertebrates depend on Arctic cod as a major food source (Pirtle and
Mueter, 2011). The abundance, wide distribution, and the role in the food web of the Arctic cod make
this species very important in the overall ecosystem of the U.S. Arctic region.

Arctic cod. Arctic cod move and feed in different groupings — as dispersed individuals, in schools,
and in huge shoals. These distribution patterns appear to be dependent on several interacting factors
including season, presence or absence of ice, salinity, water temperature, surface wind, currents,
length of daylight, and the underside texture of ice. Inter-annual variation also plays a role in the
pattern of distributions (Welch, Crawford, and Hop, 1993; Benoit et al., 2010).

The various life stages of Arctic cod occur across a broad range of habitats. Arctic cod migrate
between offshore and inshore areas for seasonal spawning and spawn under the ice during winter

3-32 Description of the Environment



BOEM Liberty Development and Production Plan Final EIS

(Craig et al., 1982; Craig, 1984; Bradstreet et al., 1986). Arctic cod eggs and larvae develop during
late winter until early summer in the pelagic surface water environment.

During open water, pelagic yearling and older Arctic cod were found to occur in high abundance at
the continental shelf break (328 feet), and pelagic young-of-year were found most commonly inshore
(Logerwell et al., 2010). Frost and Lowry (1983) found smaller Arctic cod more often in water less
than 328 feet deep. Craig et al. (1982) found adult and juvenile Arctic cod in shallow nearshore
waters (3 to 39 feet) in summer and winter.

Arctic cod are associated with sea ice, using it at various life stages and seasons for shelter and as a
forage habitat to feed on microorganisms on the underside of the ice. Amphipods on the underside of
ice are an important food source (Bradstreet and Cross, 1982; Lonne and Gulliksen, 1989; Gradinger
and Bluhm, 2004). Rough, irregular textures of the underside of ice may provide preferred habitat to
avoid predators (Crawford and Jorgenson, 1993). Gradinger and Bluhm (2004) and Lonne and
Gulliksen (1989) observed and photographed Arctic cod in summer months using ice crevices and
cracks on the underside of textured ice floes for escape and shelter.

Arctic cod also inhabit offshore and nearshore areas without ice during warmer times of year
(Bradstreet and Cross, 1982; Bradstreet, 1982; Crawford and Jorgenson, 1993; Gradinger and Bluhm,
2004). Copepods and amphipods are common prey for Arctic cod in open water environments (Frost
and Lowry, 1983; Benoit et al., 2010; Rand et al., 2013).

Saffron cod. Saffron cod occur in the Beaufort Sea primarily in nearshore waters. Unlike Arctic cod,
they do not specifically associate with ice. Saffron cod move seasonally from summertime feeding
offshore to inshore for spawning where they enter coastal waters and tide-influenced riverine
environments. Adults and juveniles forage on the epibenthos, opportunistically taking small
crustaceans and fish (Morrow, 1980; Pirtle and Mueter, 2011).

3.2.2.2.2 Arctic Flounder

Arctic flounder occur in the Beaufort Sea in nearshore brackish and estuarine waters, and sometimes
enter freshwater rivers (Morrow, 1980; Mecklenburg et al., 2002). They exhibit seasonal movement,
inhabiting offshore areas in the fall, and moving inshore at night in the spring. Spawning occurs in
shallow waters from January to March in areas with strong tidal currents; diet consists of small
mollusks, crustaceans, and fish (Morrow, 1980).

3.2.2.2.3 Fourhorn Sculpin

Fourhorn sculpin are found in high abundance in shallow, nearshore habitats in the Beaufort Sea, and
have been known to inhabit rivers (Morrow, 1980; Craig, 1984). Similar to Arctic cod, they enter the
nearshore environment when the salinity increases in late summer. Overwintering occurs in slightly
brackish coastal waters under the ice. Fourhorn sculpin have been collected in the Boulder Patch.
They feed on worms, amphipods, isopods, small crustaceans, fish, and eggs. Given its high
abundance, the fourhorn sculpin is likely an important part of the nearshore food web, and is
occasionally eaten by humans (Morrow, 1980).

3.2.2.2.4 Kelp Snailfish

Snailfish are distributed throughout the Arctic, and are commonly caught in the Beaufort Sea. They
are found in nearshore areas with hard substrates and sometimes in kelp beds, such as the Boulder
Patch (Walkusz et al., 2016). They feed on benthic amphipods, and are important prey for birds
(Gaston, 1985) and seals (Walkusz et al., 2016).

3.2.2.2.5 Capelin

Capelin are a critical link in the Arctic food web. They are present in large numbers in nearshore
waters of the Beaufort Sea in the summer. Spawning occurs in very shallow waters in July and
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August. Capelin consume primarily zooplankton, and are a forage fish species for upper trophic
predators, such fish, birds, and mammals (Pirtle and Mueter, 2011).

3.2.2.2.6 Ninespine Stickleback

Ninespine stickleback occur in freshwater streams and brackish marine waters (Mecklenburg et al.,
2002). They inhabit vegetated areas and are most often found in slower moving waters.
Overwintering occurs in deeper water with seasonal movements in the spring to shallow, vegetated
areas where spawning occurs from May to August. Nests are built in the vegetation using algae and
debris, and the young are initially reared by males. Sticklebacks feed primarily on copepods, insects,
worms, and small crustaceans. Although they are not of economic importance, they are important
prey items for other fish and bird species found in the Proposed Action Area (Morrow, 1980).

3.2.2.2.7 Salmonids

Salmonids are represented by many groups of fish that are common in the Proposed Action Area,
including chars, whitefishes, and Pacific salmon. There are no commercial fisheries for any of these
species in the Proposed Action Area, however, salmonids are an important subsistence resource.

Chars. Chars include Arctic char and Dolly Varden. These anadromous species primarily reside in
freshwater rivers and lakes of the North Slope, using the nearshore marine environment as feeding
grounds or as corridors to access feeding grounds (Craig and McCart, 1976). Spawning occurs from
August to November in freshwater rivers or streams over gravel substrates. Arctic char and Dolly
Varden overwinter in freshwater lakes and rivers, including the Sagavanirktok River. Arctic char are
predators of salmonid eggs. Other food items include crustaceans, mollusks, and other fish (Morrow,
1980). For Dolly Varden, feeding occurs primarily in the nearshore, estuarine environment on small
fishes, amphipods, krill, polychaetes, and other invertebrates. Little feeding is believed to occur
during the overwintering period (Morrow, 1980).

Whitefish. Whitefish commonly found in the Proposed Action Area include Arctic cisco, least cisco,
humpback whitefish, and broad whitefish. Whitefishes use the nearshore marine environment for
feeding before returning to freshwater streams to spawn (Craig, 1984). In general, spawning occurs in
the fall in streams with gravel beds. Arctic cisco spawn in the Mackenzie River and the juveniles are
transported to the Alaskan Beaufort Sea through wind-driven currents (Fechhelm and Griffiths,
1990). Some riverine forms of whitefish species are known to Alaska, although the fishes found in the
Proposed Action Area are primarily whitefish that feed in the marine environment and overwinter in
freshwater environments (Craig and McCart, 1976; Craig, 1984; Morrow, 1980). Whitefish
overwintering in the Sagavanirktok River were found to feed very little, despite prey availability.
Broad whitefish were observed to lose weight while least cisco were found to increase mean body
weight (Schmidt et al., 1989). Similar trends were observed in the Colville River (Schmidt et al.,
1989). Whitefish feed on small mollusks and crustaceans (Morrow, 1980). This group of fish is
commonly found in subsistence harvests.

Pacific Salmon. Pacific salmon adults and juveniles occur in the Beaufort marine environment;
however, their numbers are low compared to the Bering Sea. Of the five Pacific salmon species, pink
salmon and chum salmon (Oncorhynchus gorbuscha and O. keta) have been the salmon species most
commonly captured in the Beaufort Sea marine and nearshore environments (Craig, 1984; Craig and
Haldorson, 1986; Fechhelm, et al., 2009). In the marine environment, adult pink and chum salmon in
the U.S. Beaufort Sea are known to occur down to 660 feet deep. As climate change occurs (ice
reduction, warming waters) salmon are moving further north in greater numbers (Moss, et al., 2009;
Kondzela, et al., 2009). Chum salmon and pink salmon have been documented as present in the
Colville River and Colville delta area in the Alaska Department of Fish and Game (ADF&G)
Anadromous Waters Catalog (Johnson and Litchfield, 2016).
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3.2.2.3 Climate Change

Due to climate change processes described in Section 3.1.6, such as ocean acidification, global
temperature, and polar ice conditions, the current communities of lower trophic organisms are
expected to change throughout the life of the project. Climate change is likely to affect the habitat,
behavior, abundance, diversity, and distribution of fish. Several studies have examined the effects of
climate change (including ocean acidification) on fish. These studies emphasize the implications of
potential northern range expansions of fish species, the effects of warming sea surface temperatures
on fish biomass, possible changes in fish species complexes, effects on commercially important
species, shifts in prey availability and shifts in food webs, and the particular vulnerability of coastal
areas in Alaska (Cheung et al., 2009; Sherman et al., 2009). Shifts in the food web as a result of
changing climate could result in major ripple effects, with some predators forced to eat non-optimal
prey items, or preferred feeding spots becoming unavailable. Some species may benefit from climate
change shifts. Rising ocean acidity also affects the basic functions of fish, squid, invertebrates, and
other marine species, including detrimental effects on metabolism, respiration and photosynthesis,
which can thwart their growth and lead to higher mortality (Fabry, et al., 2008). The decrease of the
extent of the Arctic ice pack impacts the lower trophic communities, which has impacts on fish
communities. Warming ocean temperatures associated with climate change may increase all types of
plankton growth rates and generation times in the region of the Proposed Action, and change the
composition of lower trophic populations as warmer seas, open water, and increased radiative energy
from the sun increases. Below is a summary of studies contributing to the knowledge of current fish
and fish environments potentially affected by the Proposed Action.

3.2.3 Birds

Many bird species use the marine waters and coastal and terrestrial habitats of the Proposed Action
Area during spring, summer, and fall months. The Beaufort Sea’s shallow shelf waters and coastal
lagoon system provide important foraging and staging habitat for seabirds and loons, shorebirds, and
waterfowl including sea ducks. Most of these water birds migrate through in the spring and again in
late summer/fall months, some staging as they move through from Canadian or Russian breeding
grounds or elsewhere. Many waterbirds, landbirds, and raptor species also breed across terrestrial
portions of the Proposed Action Area during the short Arctic summer.

Spring migration in the Proposed Action Area occurs between late March and late May, with spring
arrival times varying by species and their corresponding availability of habitat. Arrival times for
many waterbirds, including eiders, typically coincide with the appearance of open water during
migration to coastal breeding areas. Average spring arrival dates for many Arctic-nesting bird species
have advanced by several days over recent decades (Ward et al., 2015). The fall migration period is
more prolonged than spring migration, and begins in June or July with some failed breeders and
nonbreeders. A few waterbird species move from tundra and freshwater habitats in the Proposed
Action Area to molt in lagoons along the Beaufort and Chukchi Sea coasts. Fall migration timing
from the Beaufort Sea area varies among species, and often by gender and age, with most birds
having departed before the formation of sea ice in late October.

A handful of landbird and raptor species may be found in the Proposed Action Area year-round,
particularly in the terrestrial landscape. Common raven (Corvus corax) is the most abundant species
occurring in nearby oilfields in the winter months. It is the only species recorded in the Audubon
Christmas Bird Counts that have taken place annually in the Prudhoe Bay area between 1987 and
2012 (Streever and Bishop, 2014).

Although many Arctic species range across both seas, the Beaufort Sea exhibits important
characteristics of avian fauna and habitats distinct from that of the adjacent Chukchi Sea. Species
diversity and total seabird densities are lower in the Beaufort Sea than the Chukchi Sea, which is
more plankton-rich and closer to the Bering Sea’s nutrient in-flow and seabird cliff habitat. The
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Beaufort Sea coastal shelf is shallow and narrow and the deep Arctic Basin is a dominant physical
feature. Beaufort Sea avian marine fauna is characterized by certain pelagic fish-eating birds, and
high relative densities of benthic-feeding sea ducks (Sigler et al., 2011). Some birds are top predators
on Beaufort Sea fish resources, while others prey on a range of trophic levels. Sensitivity to lower
trophic or abiotic linkages in the current dynamic state of these ecosystems may be resulting in
significant variability in abundances, relative abundances, and distributions (e.g., new dominance of
planktivorous seabirds in northeastern Chukchi Sea over previous decades) (Gall, Day, and Morgan,
2013; Piatt, Sydeman, and Wiese, 2007).

The following sections summarize relevant movement patterns, locations, and life history
characteristics for key avian species groups. These groups include species that have special legal
status, high populations in the Proposed Action Area, particular sensitivity to certain activities, and/or
other relevant life history characteristics in common.

3.2.3.1 ESA Listed Birds

Two diving sea ducks, the spectacled eider (Somateria fischeri) and the Alaska-breeding population
of Steller’s eider (Polysticta stelleri) are listed as threatened under the Endangered Species Act
(ESA). Both species breed on the ANS and forage on the shallow (32- to 130-foot) Alaskan Beaufort
Sea ocean shelf — important habitats for eiders in general (Kuletz et. al., 2015). Spectacled eiders are
expected to occur regularly in the Proposed Action Area (Hilcorp, 2015, Appendix A, page 4-117),
while Steller’s eiders are rare east of the Point Barrow area but may occur occasionally.

3.2.3.1.1 Spectacled Eider

The spectacled eider was listed as a threatened species throughout its range under the ESA in 1993
(58 FR 27474, May 10, 1993). Spectacled eiders on the ANS breed across the Arctic Coastal Plain
(ACP) east to approximately between the Shaviovik and Canning River deltas (TERA, 2002; Larned,
Stehn, and Platte, 2012). The ANS population is the larger of the species’ two North American
breeding populations, the other being on the Yukon-Kuskokwim Delta (YKD), and has been stable
since surveys began in the early 1990s (Bowman, et al, 2015; Larned, Stehn, and Platte, 2009). The
most currently available population estimate for the ACP portion of the ANS is about 14,800 paired
birds (Stehn, Larned, and Platte, 2013). It has been estimated that almost 34,000 total spectacled
eiders, including fledged (flight capable) juveniles, are present on the entire ANS in October (Stehn et
al., 2006).

Spectacled eiders tend to migrate along direct offshore routes or to follow coastlines. They migrate
north using the spring lead system from the species’ single wintering area in the Bering Sea. The
spring lead systems of the Chukchi Sea, including Ledyard Bay, and of the Alaskan Beaufort Sea as
far east as the Sagavanirktok River delta (in the Proposed Action Area) are the first available open-
water areas along their path to its ACP breeding grounds. The Alaskan Beaufort Sea within
approximately 19 miles of the coast is recognized as important habitat for spectacled eiders during
most of the open water period, which includes their pre-breeding, breeding, and post-breeding
migration periods (Sexson, Pearce, and Petersen, 2014). In marine waters, they are benthic feeders on
invertebrates, primarily clams, and possibly also amphipods and crabs (Petersen, Piatt, and Trust,
1998; USFWS, 1996).

Spectacled eiders can be expected in the Proposed Action Area from late May through September or
October, nesting, raising or developing as broods, foraging, or moving through on migration. The
birds will arrive in open water offshore in late May through early June, and within a week, adults
move onto land to nest. Adult female spectacled eiders of the Beaufort Sea area demonstrate high
levels of interannual breeding site fidelity, as they do elsewhere in Alaska. Actual nest initiation (i.e.,
first egg laid) is expected in the second and third weeks of June, with exact timing probably in
response to snowmelt and tundra flooding conditions (Sexson, Pearce, and Petersen, 2014; TERA,
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2002). Spectacled eiders are known to nest between the coast and approximately 15.5 miles inland
from the coast of Foggy Island Bay (TERA, 2002; Larned, Stehn, and Platte, 2006). The center of the
species’ overall ACP distribution is farther west, along the Chukchi Sea coast and northeast of
Teshekpuk Lake. Nesting densities are variable, however, and some of its highest ACP densities do
occur in the Prudhoe/Kuparuk area (Larned, Stehn, and Platte, 2011).

In the Kuparuk oilfield, spectacled eiders nest primarily in non-patterned wet meadows within
wetland complexes containing emergent grasses and sedges (Anderson and Cooper, 1994; Anderson
et al., 2009), and similar breeding habitat affinities may be expected in the nearby Proposed Project
Area. After hatching in mid-July (Petersen, Grand, and Dau, 2000), hens and broods move to deep
ponds with pendant grass (Arctophila fulva) vegetation or shallow water sedge (Carex aquatilis)
wetlands (Safine, 2011, 2013). While on the breeding grounds, adults and ducklings primarily feed on
invertebrates and plant seeds in tundra ponds (Petersen, Piatt, and Trust, 1998; USFWS, 1996).

Post-breeding, male spectacled eiders leave the nesting area first within 7 to 33 days of coming ashore
at the onset of incubation. Males move to Beaufort or Chukchi Sea open waters until they depart for
Chukchi Sea or Russian molting areas (Sexson, Pearce, and Petersen, 2014). Locally breeding males
are not expected to remain in the Beaufort Sea past July. Female spectacled eiders move from land to
Beaufort Sea marine waters after their nesting ends between July and September, a few lingering in
the Beaufort Sea until October. Females whose nests fail are the first to go to the coast. Juveniles may
be found onshore until September, and in Beaufort Sea waters with females until late September or
October, although adults generally depart the Alaskan Beaufort Sea 1 to 2 weeks prior to offspring
(Sexson, Pearce, and Petersen, 2014).

Male spectacled eiders molt primarily in Russia and Ledyard Bay, beginning to gather in Ledyard
Bay in July, almost two months before females. Females and many juveniles from the Proposed
Action Area likely migrate with those from the Colville River Delta to the eastern Chukchi Sea,
primarily Ledyard Bay, and remain there for the flightless molt period (Sexson, Pearce, and Petersen,
2014). Juvenile post-fledging dispersal is more variable than adult dispersal, some ranging as far as
the Alaska Peninsula on their first molt migration. The species’ molt migration and fall migration
have primarily been observed to occur over offshore waters rather than land, with females flying
more than 6 miles farther from the Beaufort Sea shore than males (Petersen, Larned, and Douglas,
1999).

By the end of October, most spectacled eiders have departed their respective molting grounds for the
Bering Sea. Most of the species breeds on the Russian Arctic Coastal Plain, and both the Russian and
Alaskan birds winter together from late November through mid-February in the species’ only known
wintering area: openings in pack ice south and southwest of St. Lawrence Island (Petersen, Larned,
and Douglas, 1999; Sexson, Pearce, and Petersen, 2014). This wintering area and the Ledyard Bay
area are both designated under the ESA as critical habitat for the spectacled eider (66 FR 9145,
February 6, 2001). There is no designated spectacled eider critical habitat associated with the
Beaufort Sea.

3.2.3.1.2 Steller’s Eider

The Alaska breeding population of Steller’s eider is listed as threatened under the ESA (62 FR 31748,
June 11, 1997). The least abundant eider in Alaska, it had a discontinuous historic breeding range
along the coast from the Alaska Peninsula northward to the Beaufort Sea (Quakenbush et al., 2002).
Less than 5 percent of the breeding population of Steller’s eiders nests in Arctic Alaska (Rothe and
Arthur, 1994). A very small remnant population sometimes nests on the YKD, but has “essentially
disappeared “ according to the Sea Duck Joint Venture (2016), and a small number of Steller’s eiders
breed on the ACP between Point Lay and the Prudhoe Bay vicinity, primarily near Utqiagvik
(Obritschkewitsch and Ritchie, 2015). The Alaska breeding and majority of the Russia breeding
populations molt and winter together in waters off of southwestern Alaska. Periodic non-breeding of
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the Alaska population, coupled with low nesting and fledging success in general, has resulted in very
low productivity (Quakenbush et al., 2004) and may make the population particularly vulnerable to
local extinction (extirpation).

Estimating the population of this rare species is difficult, but the most recent estimate for the ACP
population is 680 birds (Stehn, Larned and Platte 2013). The authors found an average negative
growth rate of 0.95 (Sea Duck Joint Venture, 2016). Intervals of up to 5 years have occurred with
little or no evidence of Steller’s eider nesting near Utqiagvik (Safine, 2013). Martin et al. (2015)
surmise that most birds in those years depart the area without occupying territories or initiating
nesting.

Small Steller’s eider flocks appear in the spring leads off Barrow Canyon in May, likely already
having begun pair formation, and move onto the tundra breeding grounds in early June. In the
Utqiagvik area, where nest timing is expected to be similar to the Proposed Action Area, nests usually
must be initiated by the last week of June to allow the young to fledge prior to freeze-up (Quakenbush
et al., 2004). Steller’s eiders prefer to nest near ponds with pendant grass (Safine, 2013). Breeding
male Steller’s eiders depart the ACP after the nest is initiated in mid- to late June. Hatching occurs
from mid-July through early August (Rojek, 2006, 2007, 2008). Nest survival rates are significantly
affected by nest predation from fox. Other nest predators likely include birds such as jaegers,
glaucous gull, snowy owl, and common raven (Safine, 2013).Within about one day after hatch, hens
move their broods to ponds with emergent vegetation, particularly water sedge or a mix of water
sedge and pendant grass, that provides cover for vulnerable young (Rojek, 2006; Rojek, 2007; Safine,
2011; Safine, 2013).They feed on insect larvae and other wetland invertebrates. Broods may move
miles away from the nest prior to fledging (Safine, 2013). Fledging occurs from 32 to 37 days after
hatching. Broods may remain in the vicinity of the brood rearing area for up to 17 days post-fledging
before moving to marine waters or leaving the area (Safine, 2013; Obritschkewitsch et al., 2001,
Rojek, 2006).

Successful female eiders and their young-of-the-year appear to depart the ACP in September.
Females and broods occasionally move to Point Barrow nearshore waters, but after early to mid-
September females begin their migration to the southwestern Alaska molting areas (Martin, et al.,
2015; Safine 2013, 2011). Because of their low overall ACP abundance and the distance of the
Proposed Action Area from the known Utqiagvik center of Steller’s eider ACP nesting range,
Steller’s eider is expected to occur only rarely in the Proposed Action Area.

3.2.3.2 Other Birds
3.2.3.2.1 Waterfowl

Sea ducks, especially common eider (Somateria mollissima), king eider (S. spectabilis), and long-
tailed duck (Clangula hyemalis) are common Beaufort Sea coastal breeders. Greater white-fronted
goose (Anser albifrons frontalis), lesser snow goose (Chen caerulescens caerulescens), Canada goose
(Branta canadensis, B. hutchinsii), black brant (B. bernicla nigricans), and tundra swan (Cygnus
columbianus) are other locally breeding waterfowl species common in nearshore coastal waters of the
Beaufort and Chukchi seas, as are scoters (Melanitta spp), mergansers, and dabbling ducks.
Waterfowl most likely to occur in the Proposed Action Area are described further below.

Common Eider

Pacific common eider (S. mollissima v-nigra) breeds in Alaska and western Canada. This sea duck
migrates during spring along the coastline of the Beaufort and Chukchi seas, staging in leads as they
open up between the pack ice and landfast ice. Common eiders nest typically in loose colonies on the
barrier islands or spits along the Chukchi and Beaufort sea coasts, with highest densities in Alaska
often occurring along the central Beaufort Sea coast between Harrison Bay and the Canning River, in
or near the Proposed Action Area (Dau and Bollinger, 2012 and 2009; Lysne, Mallek, and Dau,
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2004). Females return to breeding sites year after year. Dau and Bollinger (2012) report that the FWS
2011 common eider ACP barrier island breeding survey, found 83 adults on the mainland shore
around Foggy Island Bay and over 60 around the Foggy Island Bay barrier islands during early July
(the incubation phase prior to male dispersal).

Common eider is considered highly vulnerable to climate change because of its preference for nesting
on low-lying barrier islands and similar coastal areas which are subject to overwash and erosion from
the increasing frequency and severity of storms (Liebezeit et al., 2012; Sea Duck Joint Venture,
2015b). A storm surge on July 18, 2016 flooded most of the monitored common eider nests along the
coast of the Arctic National Wildlife Refuge (ANWR). It was the largest recorded surge before July
30 in any year since recording began in 1995 (Wiese, Latty, and Hollmen, 2016).

Successful hens seldom leave the nest to feed during incubation. However, common eiders, including
failed breeders and males, may be found using local nearshore waters, particularly coastal lagoon
habitat, throughout the breeding season. Fischer and Larned (2004) surmised that because eider
densities did not vary during summer months, the eiders they observed in the water near barrier
islands were local breeders rather than molt or fall migrants. This is consistent with Petersen and Flint
(2002), who showed that satellite-tagged common eider hens remained in shallow waters close to
their Beaufort Sea coast breeding sites through September, likely molting during that time. The
McClure/Stockton Islands area around Foggy Island Bay has held some of the highest concentrations
during late July/early August ACP waterfowl surveys, with between 600 to 800 birds observed in the
2002 and 2003 seasons (Lysne, Mallek, and Dau, 2004).

After the molt, some common eiders move offshore into pelagic waters, but most remain close to
shore (Petersen and Flint, 2002; Divoky, 1987). For U.S. and Canadian Arctic-breeding
subpopulations, primary molt and staging locations and movements among them are not well
understood (Sea Duck Joint Venture, 2015b). Post-breeding males and nonbreeders along the
Beaufort Sea coast, however, begin to migrate westward through nearshore waters toward the
Chukchi Sea in late June; most breeding females and their young follow in late August and
September (Dickson, 2012a) and are gone by late October or early November. Most males are out of
the Beaufort Sea by late August or early September. Morgan, Day, and Gall (2013) observed very
few, all within 12.4 miles of shore, in late September in Camden Bay to the east of the Proposed
Action Area.

King Eider

King eider is one of the most abundant birds in the Beaufort Sea, with approximately 400,000
breeding around the Alaskan and U.S. Beaufort Sea coast, many or most migrating in the spring and
fall in often enormous flock events close to Point Barrow (Quakenbush, et al, 2009). Average
indicated total king eiders on the Alaska ACP between 2005 and 2014 is about 20,000 (Sea Duck
Joint Venture, 2015a). Similar to the other eiders, king eiders migrate during spring along the
Beaufort and Chukchi sea coasts, staging in open water leads. Arrival times in the Beaufort Sea are
dependent upon the location and timing of offshore leads along the Chukchi Sea. King eiders
generally begin to arrive in the Beaufort Sea by the middle of May, with peak spring staging numbers
occurring until about June 5 (Wilson et al., 2012, Dickson, 2012b, Peterson 2009, Oppel and Powell
2010). Mean first arrival on the local breeding grounds is the end of May, the most recent recorded
mean in a Colville River delta study on trends in first arrival dates (Ward et al., 2016). Like the 15
other migratory bird species in that study, however, king eiders’ arrival date has significantly
advanced (i.e., occurred earlier) over the past 50 years. Because local climactic conditions, i.e.,
temperature, were found to be the most important indicator of this effect, this trend in advancing
arrival dates can be expected to continue (Section 3.1.6).

King eiders nest regularly in ACP coastal areas. Mean king eider breeding density on the ACP is
generally highest in an area southeast of Teshekpuk Lake, but has also been high inland from Foggy
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Island Bay and in the vicinity of the Sagavanirktok River Delta (Larned, Stehn, and Platte, 2011,
2009). Dau and Bollinger (2009), surveying in early July a few weeks later in the breeding season,
observed that king eider densities were higher on the Beaufort Sea coastlines than the Chukchi Sea
coastlines, with an observed 400 king eiders along the Beaufort Sea shoreline and 176 along barrier
islands, although these numbers were much lower in 2011 when highest densities shifted to Peard
Bay (Dau and Bollinger, 2012). Similar to common eiders, king eider females exhibit strong natal site
fidelity to breeding areas. Males usually do not return to the same breeding area.
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Figure 3-14 Sivullig Study Area

Post-nesting, the westward molt-migration of several hundred thousand male king eiders past Point
Barrow during July and early August is one of the most obvious and well-known avian phenomena of
the Beaufort Sea (Johnson and Richardson, 1982). Satellite telemetry shows that, once departed from
coastal waters adjacent to breeding areas, king eider individuals may spend more than two weeks
staging offshore in the Beaufort Sea prior to fall migration (Dickson, 2012b; Phillips, 2005; Powell et
al., 2005). While some king eiders molt in the Beaufort Sea, a majority molt in the Chukchi or Bering
seas (Dickson, 2012b; Oppel, Dickson, and Powell, 2009; Phillips et al., 2007). During migration to
molting areas, king eiders occupy a wide area ranging from shoreline to more than 31 miles offshore
(Phillips, 2005). Females remain in the Beaufort Sea longer than males, possibly to replenish fat
stores depleted during egg laying and incubation (Powell et al., 2005). Some females cross the
Beaufort Sea in October, post-molt (Dickson, 2012b). Morgan, Day, and Gall (2012) observed over
500 king eiders distributed between about 7.5 to 44 miles from shore in the Sivulliq study area, a
large area of open water that begins roughly 31 miles east of the proposed LDPI, extends eastward
into Camden Bay and seaward to roughly the edge of the shelf in the eastern Beaufort Sea (Figure
3-14). The authors found greater numbers of king eiders than any other eider species in the late
September bird survey (Figure 3-14).
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Long Tailed Duck

Long-tailed duck is the most abundant benthic-foraging sea duck in the Beaufort Sea, particularly in
the late summer and fall. They feed primarily on benthic invertebrates and are believed to be well
adapted to shifts in prey availability, opportunistically feeding according to species availability
(Johnson, 1984). They move locally among marine habitat types (e.g., nearshore vs offshore) to locate
better foraging (Flint et al., 2016). In the late spring they migrate north and east along the Beaufort
and Chukchi sea coastlines to breeding areas on the ACP in Alaska and Canada. Mean first arrival
date in the vicinity of the Proposed Project (i.e., on the Colville River Delta) is currently May 27
(Ward et al., 2016), but as with king eider (above) and the other birds studied, this date has been
advancing.

Stehn, Larned, and Platte (2013) re-evaluated waterbird breeding (June) survey data across the ACP,
including inland habitat, from 1986 to 2012. The average, uncorrected population index was over
50,000 observed long-tailed ducks, surpassed in June only by white-fronted goose, northern pintail
(Anas acuta, a dabbling duck), and unidentified shorebird species. Aerial surveys a few weeks later in
the breeding season in early July typically record more long-tailed ducks than any other sea duck
species along ACP coastal habitats, with roughly two-thirds of these associated with mainland
habitats, and the rest with barrier islands. In shoreline habitat-only surveys, only glaucous gull (Larus
hyperboreus) and sometimes surf scoter (Melanitta perspicillata) may exceed the numbers of long-
tailed ducks among breeding waterbirds (Dau and Bollinger, 2011 and 2009).

Long-tailed duck is also typically one of the most abundant species to undergo a post-breeding
flightless wing-molt in the Beaufort Sea coastal lagoons. Individual birds are flightless for 3 to 4
weeks. Like eiders and loons, post-breeding long-tailed ducks generally stage in coastal areas here,
move into offshore waters, and then migrate westward out of the Beaufort Sea. They use lagoon and
other coastal habitats heavily all along the ACP during July and August, numbering in the tens of
thousands (Flint et al., 2016; Johnson and Richardson, 1982). The Tigvariak Island vicinity east of the
Proposed Project Area hosts some of the highest densities of long-tailed ducks observed on the
Beaufort Sea coast during the molting period: hundreds were observed in the McClure/Stockton
Islands in the early 2000s, with thousands in the narrower lagoon system that begins just to the east of
Foggy Island Bay (Fischer and Larned, 2004; Lysne, Mallek, and Dau, 2004). In late September, an
estimated 29,000 were distributed across the Sivullig study area (Figure 3-14) just east of the
Proposed Action Area alone — second in observed marine bird abundance only to short-tailed
shearwaters (Morgan, Day, and Gall, 2012). Surveys suggest that the ACP population of long-tailed
ducks underwent a long-term decline in the last decades of the 20" century, stabilizing or slightly
increasing more recently (Stehn, Larned, and Platte, 2013; Bowman, et. al., 2015).

Greater White-Fronted Goose

Greater white-fronted goose (white front) is a large herbivorous waterfowl and one of the earlier
arriving birds on the ACP in the spring. Mean first arrival date for white-front on the Colville River
Delta is currently May 12 (Ward et al., 2016). Spring arrival dates for several Arctic-nesting bird
species have been advancing earlier over recent decades. White-front and lesser snow geese, two
important subsistence species on the North Slope, demonstrate the greatest mean rates of
advancement (Ward et al., 2016). White-front breed in abundance on the ACP, with adult numbers
estimated around 200,000 in June (Stehn, Larned, and Platte, 2013; Larned, Stehn, and Platte, 2012,
2011). This species tends to nest only loosely in colonies, compared to snow geese and brant. Site
specifically, 33 white-front were observed along the mainland coastline around Foggy Island Bay in a
July survey in 2009 but none on its barrier islands. The following year, while none were observed in
that same survey segment, numbers had risen at the Sagavanirktok River Delta immediately to the
west (Dau and Bollinger, 2011, 2009).
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Lesser Snow Goose

Lesser snow goose mean first arrival date on the Colville River Delta is currently May 27 (Ward et
al., 2016). This species, an herbivorous colonial nester, has the fastest population growth rate among
all ACP waterbird species (Stehn, Larned, and Platte, 2013; Ritchie et. al., 2013). Like brant, it eats
salt-tolerant vegetation which appears to be increasing along the coast over recent time as salt water
intrudes. Unlike brant, however, snow geese find forage early in the nesting season by grubbing
plants from the soil, roots and all. Over 90 percent of the adults observed on the ACP have been along
the Beaufort Sea coastline, versus the Chukchi Sea (Dau and Bollinger, 2011, 2009). The original
nesting colony and brood-rearing site of snow geese in Alaska was thought to be on Howe Island in
the Sagavanirktok River delta, and hundreds of nesting geese continue to be observed on the island
from the Endicott Road. In 2014, nest estimates at the Howe Island colony had risen to over 1,500
(Bishop and Streever, 2016). Since the 1990s nesting and brood-rearing sites have continued to
spread along the Central Beaufort Sea Coast as well (Noel, Johnson, and Butcher, 2004). Up to 528
adults have been observed during the July breeding season in the Foggy Island Bay area (Dau and
Bollinger, 2009).

Black Brant

Black brant, or simply “brant,” arrives on the ACP around the same time as lesser snow geese, with
mean first arrival on the Colville River Delta currently on May 25 but advancing (Ward et al., 2016).
This goose also forages on salt marsh plants, but cannot take advantage of early grubbing as snow
geese can. Brant typically nest colonially on spits or on islands formed in large river deltas, or to a
lesser degree on barrier islands. They are typically most abundant along the Central Beaufort Sea
coast between the Colville and Canning rivers, in the general vicinity of the Proposed Action Area
(Dau and Bollinger, 2011, 2009; Stickney and Ritchie, 1996). Brant have a mildly positive growth
trend on the ACP where there are 5,000 or more nesting pairs (Ritchie, et al., 2013; Stehn, Larned and
Platte, 2013, 2012), with more population variability in the oil fields east of the Colville River delta
(Bishop and Streever, 2016). During the Foggy Island Bay area breeding season they have been
associated with barrier island habitat (Dau and Bollinger, 2009). Post-breeding, thousands molt in
lake and lagoon habitat on the Central Beaufort Sea coast, primarily west of the Proposed Action
Area and north of Teshekpuk Lake in Smith Bay (Flint, Meixell, and Mallek, 2014). Brant have
shifted their foraging areas away from inland lakes and toward coastal saltmarsh in recent years. This
corresponds with increased goose grazing salt marsh habitat on the Beaufort Sea coast caused by
inundation, subsidence, and sedimentation that may in turn be accelerating with sea ice decline, ocean
storm surge, freshwater flooding, and increased coastal erosion (Tape, et. al., 2013). As snow goose
increase on the ACP, however, it has been suggested that they could eventually out-compete brant
and damage the salt marsh habitat, resulting in a negative long-term impact on brant (Ritchie et. al.,
2013).

Tundra Swan

Tundra swan, with a broad breeding range that encompasses much of Alaska, is the largest ACP
breeding waterbird. Mean Colville River Delta first arrival date is currently May 21 but advancing
(Ward et al., 2016). Tundra swans’ ACP breeding population is growing (Streever and Bishop, 2014;
Stehn, Larned, and Platte, 2013). In June, tundra swans are found breeding in some of their highest
ACP densities on the Colville River and Sagavanirktok River Deltas (Larned, Stehn, and Platte,
2011). Swans share the Surfcote colony on the Sagavanirktok River Delta with small numbers of
other birds including brant, king eider, long-tailed duck, Pacific loon, and glaucous and Sabine gulls
(Bishop and Streever, 2016). They are observed in low numbers but wide distribution during July
along the Beaufort Sea coastline (Dau and Bollinger, 2011; Stehn and Platte, 2000).
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Scoters

Three species of scoters (a sea duck) regularly breed on the ACP and use Beaufort Sea coast barrier
island habitat between June and September. Surf scoters (M. perspicillata) are especially prevalent in
high-density rafts of several hundred birds, particularly in Harrison Bay and Simpson Lagoon
(Fischer, Tiplady, and Larned, 2002). Fischer and Larned (2004) report that Beaufort Sea coast
scoters are more common in June than in August, and more common in shallow waters (less than 33
feet). Surf scoters are found in low numbers in early July around the barrier islands near the Proposed
Action Area (e.g., 22 in 2009 and 12 in 2011 near Tigvariak Island; Dau and Bollinger, 2009 and
2012, resp.). A few white-winged (M. fusca) and black scoters (M. nigra) have also been counted near
the mainland shore between the mouth of the Sagavanirktok River and the inside of the Stockton
Islands (Dau and Bollinger, 2009 and 2012).

Mergansers

Red-breasted (Mergus serrator) and common (M. merganser) mergansers are fish-eating sea ducks
regularly occurring in low numbers in nearshore waters along the Beaufort Sea coast (Fischer and
Larned, 2004), including tens of red-breasted mergansers regularly observed west of Tigvariak Island
(Dau and Larned, 2009 and 2012).

Dabbling Ducks

Several species of “dabbling ducks” (i.e., those that feed by skimming in shallow, usually fresh or
brackish, water) breed on the ACP. These include American green-winged teal (Anas crecca),
American wigeon (A. Americana), northern pintail (A. acuta), and mallard (A. platyrhynchos) and
possibly others (Larned, Stehn, and Platte, 2012; Stehn, Larned, and Platte, 2013; Streever and Cargill
Bishop, 2013). Dabbling ducks, particularly northern pintail, are expected to occur in shallow
nearshore marine waters and possibly terrestrial portion of the Proposed Action Area (Dau and
Bollinger, 2009 and 2012). Northern pintail’s current mean first arrival date is in late May, but this
date has been advancing in recent decades (Ward et. al., 2016).

Seabirds and Loons

Acrctic tern (Sterna paradisaea), black guillemot (Cepphus grylle), Ross’s gull (Rhodostethia rosea),
ivory gull (Pagophila eburnea), glaucous gull (Larus hyperboreus), and Sabine’s gull (Xema sabini)
breed circumpolarly in the Arctic. Of these species, only Arctic tern and glaucous gull may be
considered likely to nest in the terrestrial portion of the Proposed Action Area, but all of these species
regularly range into the Beaufort Sea. Seabirds that breed in the Bering Sea area or elsewhere, but
regularly range into the Beaufort Sea, include black-legged kittiwake (Rissa tridactyla) and short-
tailed shearwater (Ardenna tenuirostris). Another type of seabird, the jaeger, is represented by three
species, pomarine (Stercorarius pomarinus), parasitic (S. parasiticus) and long-tailed (S.
longicaudus), breeding on the ACP tundra and foraging in open water of the Beaufort and Chukchi
Seas. These seabird species are described further below, along with the three species of loons that
breed in the vicinity, Pacific loon (Gavia pacifica), red-throated (G. stellata), and yellow-billed (G.
adamsii).

Arctic Tern

Acrctic tern is a common surface-feeding seabird in the Beaufort Sea in summer (July and August)
(Kuletz, et. al., 2015; Wong et. al., 2014; Divoky, 1987), where it forages on Arctic cod, other forage
fish, and zooplankton. The Arctic tern has a wide, circumpolar, breeding distribution and nests
colonially on open land near marine or fresh water. Nesting densities across the entire ACP have been
observed at between 0.11 and 0.15/mi? (Larned, Stehn, and Platte, 2012). In aerial surveys along the
coast of the ACP, approximately 2,500 breeding birds have been observed, primarily on mainland
areas along the Chukchi Sea (Dau and Bollinger, 2009, 2012). In the Proposed Action Area,
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especially the coastal Beaufort Sea in the vicinity of the Sagavanirktok River Delta, Arctic terns are
considered a fairly common migrant and breeder, and regularly nest on barrier islands. In 2011, just
over 30 nests were located on the islands around Foggy Island Bay—the highest numbers of Arctic
tern barrier island nests anywhere on the ACP that year (USFWS, 2014; Dau and Bollinger, 2012).

Black Guillemot

Black guillemot is a diving seabird that is closely associated with sea ice throughout its lifetime,
where it forages extensively on Arctic cod (Gall, Day, and Morgan, 2013; Sigler et al., 2011). Black
guillemot is an uncommon local breeder from Seahorse Island and Point Barrow east to Igalik Island,
and a rare breeder farther east to Barter Island (USFWS, 2015; Denlinger, 2006). Nests off of the
ACP, sometimes occurring singly or in small, loose aggregations, have been located under driftwood
or other debris on barrier islands. Despite the small breeding population in Alaska (the Beaufort and
Chukchi sea colonies have a combined total of fewer than 1,000 nesting birds [USFWS, 2015]), about
70,000 post-breeding guillemots from the U.S. and Russia use pelagic areas of the Beaufort and
Chukchi seas (Divoky, 1987). Recent analysis shows higher relative Beaufort Sea black guillemot
abundance than in either the Chukchi or Bering seas, helping to distinguish the Beaufort Sea as a
distinct biogeographic zone characterized by piscivorous seabirds and benthic-foraging waterbirds
(Sigler et al., 2011). Hotspots (areas of relatively high densities) of foraging black guillemots have
been recently identified in the Beaufort Sea, including in offshore waters in fall over the slope north
of the mouth of Barrow Canyon and on the shelf near Camden Bay (Kuletz et al., 2015). Black
guillemot was the only alcid species identified on transect in the September 2010, Sivulliq study area
marine bird survey (Figure 3-14) (Morgan, Day, and Gall, 2012). Black guillemot use open leads if
they also appear in the western Beaufort Sea in the winter months (Divoky, 1984).

Ross’s Gull and Ivory Gull

Ross’s gull and ivory gull are ice-associated gulls that have remote circumpolar breeding distributions
primarily in Siberia, Greenland, and the Canadian High Arctic, and remain among the least studied
seabirds. Ross’s gull has been most well-known in the U.S. Arctic for their conspicuous late fall
(September and October) migration off of the coast of Point Barrow. Ross’s gull is expected to be
most common in the fall (Gall, Day, and Morgan, 2013), and was the most common of the 4 species
of larids (gulls and kittiwakes) encountered on the Sivullig study area (Figure 3-14), where they were
seen in groups of 1 to 14 birds (Morgan, Day, and Gall, 2012). Kuletz et al. (2015) identified several
fall hotspots and high density areas for Ross’s gull in pelagic Beaufort and Chukchi sea waters, and
nearshore in Camden Bay.

Ivory gulls are also closely associated with the ice edge throughout their lifecycle (Divoky, 1987;
Haney et al., 2008), where they feed on fish and invertebrates, and scavenge on marine mammal
carcasses left by polar bears. Flocks of a few hundred have been observed moving past Point Barrow
in October and small numbers are believed to migrate through the Chukchi and possibly Beaufort seas
in September and October to wintering areas (Divoky et al., 1988; Haney et al., 2008). Strong
decreases in the numbers of both Ross’s gull and ivory gull have been recently detected in northern
Greenland and northern Canadian waters, and may be due to changes in pack ice extent and
distribution, shifts in population centers (e.g., potential corresponding increases in Russian waters), or
something else (Joiris, 2016).

Glaucous Gull

Glaucous gull is a pelagic surface-feeder and one of the more abundant Beaufort Sea larids, often
congregating at food sources (Kuletz, et. al, 2015; Divoky, 1987). More widely distributed in the
Beaufort Sea in the fall than in summer (Kuletz et al., 2015), they may be encountered throughout the
open-water period. From late July to late September it is most common in distant offshore Arctic
Basin waters where it moves to forage and stage post-breeding (Morgan, Day, and Gall, 2012). In the
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Sivulliq study area surveys (Figure 3-14), glaucous gulls were less common than Ross’s gull and
black-legged kittiwake, but as one of the first birds to arrive in spring this anomaly is believed to be
because they had already begun to depart (Morgan, Day, and Gall, 2013). Surveys in the same
vicinity in the 1970s (Divoky, 1984) found glaucous gulls had the highest larid densities. Glaucous
gull is one of the most common and abundant seabird species breeding along the Beaufort Sea coast,
where it breeds in roughly the same densities as along the Chukchi Sea coast. In 2011, over 600
adults were counted during the breeding season on roughly 37 miles of mainland and barrier island
coastline around Foggy Island Bay (Dau and Bollinger, 2012). Mean first arrival date on the local
breeding grounds is currently May 11 (Ward et al., 2016), but as noted above for the various
waterfowl species studied, this trend in advancing arrival dates can be expected to continue (Section
3.1.6).

Sabine’s Gull

Sabine’s gull is a pelagic surface-feeding seabird that occurs in relatively low abundances across the
Beaufort Sea, except for some higher density foraging hotspots recently identified (Kuletz et al.,
2015). Low numbers nest regularly along the ACP mainland, with 22—one of the survey’s highest
recorded densities—observed on barrier island nesting habitat in Foggy Island Bay during the 2011
breeding season (Dau and Bollinger, 2012). Mean first arrival date on the Colville River Delta
breeding grounds is currently May 25, but this date has been steadily advancing (Ward et al., 2016).

Black-Legged Kittiwake

Black-legged kittiwake is an off-shore surface forager that is primarily a fish eater, but also consumes
large zooplankton, including euphausiids (small shrimp-like crustaceans). Breeding colonies in the
Chukchi Sea (Cape Thompson and Cape Lisburne) are at the northern limit of their Alaska breeding
range. Black-legged kittiwake is one of the most common and widespread surface-feeding avian
species across the northern Bering, Chukchi, and Beaufort seas (Kuletz et al., 2015; Wong, 2014).
They do not nest in the terrestrial portion of the Proposed Action Area, but forage in the Beaufort Sea,
and may be expected to occur in the marine and coastal waters of the Proposed Action Area. They are
most abundant from mid-July until September in the Chukchi Sea, and likely the Beaufort Sea, but do
also occur in the area in late September to early October (Gall and Day, 2012; Divoky, 1987).

Short-Tailed Shearwater

Short-tailed shearwaters (shearwaters) breed in the Southern Hemisphere. Gall and Day (2012)
suggested that these highly migratory birds can rapidly respond to changes in oceanic conditions and
exploit food resources when and where they are available. At northern latitudes, shearwaters forage at
highly productive patches of large zooplankton (euphausiids and amphipods), but also eat fish and
squid, and can feed on the surface or dive (Kuletz et al., 2015). An estimated 100,000 shearwaters
have passed Point Barrow in one mid-September day (Divoky, 1987). Kuletz (2011) reported a single
flock numbering over 15,000 in the western Beaufort Sea in late August—early September, 2011.
Kuletz and Labunski (2017) reports shearwaters as the relatively most abundant seabird in offshore
waters of the Alaskan Beaufort Sea and Morgan, Day, and Gall (2012) found short-tailed shearwaters
to be the most abundant and perhaps most widely distributed seabird across the Sivullig study area
site (Figure 3-14).

Jaegers

Jaegers forage at sea when they are not breeding, primarily scavenging and stealing from other birds,
or directly preying on other seabirds. Three species of jaegers (pomarine, parasitic, and long-tailed)
are common in the Beaufort Sea in summer until late September, then move south to the Bering Sea
(Divoky, 1984 and 1987). Jaegers are dispersed throughout nearshore and pelagic areas of the
Beaufort Sea with high overall abundance, but no known high concentration areas. Abundance and
density are believed to be considerably lower in the central and eastern Beaufort Sea than in the
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Chukchi Sea (Divoky, 1987). All three species nest on the ACP, where pomarine and long-tailed
jaegers are uniquely dependent on lemming prey on the tundra for successful breeding. They are
territorial nesters that could breed in tundra in the Proposed Action Area. One or two pomarine and
parasitic jaegars were observed during the Sivullig study area surveys (Figure 3-14) just east of the
Proposed Action Area (Morgan, Day, and Gall, 2012).

Loons

Pacific, red-throated, and yellow-billed loons occur in nearshore coastal waters of the Beaufort and
Chukchi seas, and breed across the ACP. They are all territorial nesters and diving foragers on
primarily fish. Of 16 avian species examined, Ward et al. (2016) found loons to have the latest mean
first arrival (i.e., early June) on Colville River Delta nesting grounds. They are unable to walk well on
land, but are excellent swimmers that vigorously defend their aquatic breeding territory and floating
nests. Large numbers of loons migrate past Point Barrow between August and October.

Pacific loons. Pacific loons are the most abundant loon species on the ACP (Larned, Stehn, and
Platte, 2012), and were recorded in the low hundreds across the Sivullig study area, out to about 43
miles (Figure 3-14) in September (Morgan, Day, and Gall, 2012). Four were recorded near Foggy
Island Bay barrier islands during July in the breeding season (Dau and Bollinger, 2009). Pacific loons
are generally thickly distributed in nearshore waters all along the Beaufort Sea coastline in late July
and August (Lysne, Mallek, and Dau, 2004).

Red-throated loons. Red-throated loons primarily nest on coastal tundra and on smaller ponds than
Pacific or yellow-billed loons. Unigue among loons, they forage in marine waters throughout the
nesting season. The red-throated loon’s average first arrival date is currently June 2. Like other ACP-
nesting birds, this date has been shown to be substantially advancing over the past few decades,
though at a lesser rate than other types of birds (Ward et al., 2016). Although their ACP breeding
density is much lower than for Pacific loons, one identified breeding “hotspot” begins approximately
6.2 miles inland from the Foggy Island Bay coastline (Larned, Stehn, and Platte, 2011). Red-throated
loons, with a population index (i.e., abundance uncorrected for visibility rate) of 3,200 on the ACP,
are among the few waterbird species with a declining local population (Schmutz, pers. comm., 2017;
Stehn, Larned, and Platte, 2013). Only six were recorded in the Sivulliq study area (Figure 3-14) in
September (Morgan, Day, and Gall, 2012).

Yellow-billed loons. Yellow-billed loons migrate along the Beaufort Sea coast in the spring. Their
average Colville River Delta first arrival date is currently June 1, but advancing (USFWS, 2014;
Ward et al., 2016). Yellow-billed loon nesting distribution is clumped, with the greatest concentration
of ACP nests found inland between the Meade and Colville rivers (Larned, Stehn, and Platte, 2011).
They nest on low islands or narrow peninsulas on the edges of large, deep, coastal, and inland tundra
lakes between 62 and 74 degrees north latitude (USFWS, 2014). Breeding birds typically remain on
their lakes until young are fledged.

Yellow-billed loon numbers were thought to be declining (74 FR 12932, March 25, 2009), but the
population is now considered stable (Stehn, Larned, and Platte, 2013). An average of approximately
2,200 yellow-billed loons were observed on the ACP in mid-June from 2004 to 2013, with the actual
population estimate higher to account for undetected birds (Stehn, Larned, and Platte, 2014; Earnst et
al., 2005; Schmutz, 2012). Eight were recorded in the breeding season in July in Foggy Island Bay,
near mainland coastline and barrier island habitats (Dau and Bollinger, 2009). Twenty of this species
were distributed in the Sivulliq study area (Figure 3-14) in September 2011 (Morgan, Day, and Gall,
2012).

Shorebirds

The ACP is renowned for the abundance and diversity of shorebirds drawn here in the short Arctic
summer to breed. They are the dominant avifauna on the ACP in terms of both breeding species
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diversity and abundance (Liebezeit et al., 2009). Most breed on the tundra after arriving in May on
the river deltas, relying on coastal areas such as beaches, barrier islands, lagoons, and mudflats for
some portion of their lifecycle. Like other birds, shorebirds have been arriving earlier in the spring,
correlated with increase in local temperatures and earlier snowmelt in recent decades. Recent ACP
shorebird habitat suitability maps show mainland habitat around Foggy Island Bay in the Proposed
Action Area as having among the highest possible levels of predicted breeding shorebird species
richness (Saalfeld et al., 2013; ADNR, 2014). Post-breeding, shorebird flocks stage and forage in the
hundreds and thousands along the Beaufort Sea coast. This coast is rich with freshwater discharges
that produce an estuarine trophic structure and high primary productivity. The flocks feed on
invertebrates in the river deltas and mudflats, gravel beaches, and salt marshes to prepare for
migration to wintering areas (Powell et al., 2016; Taylor, et al., 2010; Andres, 1994). Species using
coastal and nearshore habitats for July through September staging, and likely to occur in the Proposed
Action Area, include black-bellied plover (Pluvialis squatarola), American golden plover (P.
dominica), semipalmated plover (Charadrius semipalmatus), bar-tailed godwit (Limosa lapponica),
ruddy turnstone (Arenaria interpres), sanderling (Calidris alba), semipalmated sandpiper (C. pusilla),
western sandpiper (C. mauri), least sandpiper (C. minutilla), stilt sandpiper (C. himantopus), pectoral
sandpiper (C. melanotos), dunlin (C. alpina), buff-breasted sandpiper (C. subruficollis), long-billed
dowitcher (Limnodromus scolopaceus), red-necked phalarope (Phalaropus lobaus), and red phalarope
(P. fulicarius). Shorebirds of interest are described below.

Phalaropes

Red phalarope and red-necked phalarope are among the most common ACP breeding shorebird
species (Saalfeld et al., 2013; Bart et al., 2012). Phalaropes are unique among shorebirds in that rather
than probing in soils while walking, they forage by swimming in nearshore and offshore waters. They
primarily eat plankton but do not dive and are restricted to surface foraging. Red and red-necked
phalaropes are found in the Beaufort Sea during the open-water season, and are ecologically similar
to each other, appearing in mixed flocks, (Kuletz, 2011; Kuletz et al., 2015). Mean Colville River
Delta first arrival date for red-necked phalarope is currently May 29 (Ward et al., 2016). Phalaropes
are non-territorial, polyandrous breeders that tend to nest in wet tundra on the ACP, and timing of
nest initiation may be particularly dependent on snow melt for these species (Liebezeit et al., 2014).
In the marine environment, phalaropes are common from pelagic waters to within a few meters of
shore. Due to their reliance on zooplankton, their distribution is patchy and variable; because they are
tied to a moving prey source, they may be encountered throughout the Beaufort Sea in varying
concentrations. They are more common in pelagic Beaufort Sea waters in summer than fall (Kuletz et
al., 2015), and about 100 phalaropes were recorded in the Sivulliq study area (Figure 3-14) in
September (Morgan, Day, and Gall, 2012). Some indications of apparent local population decline at
individual Arctic sites have been reported for red-necked phalaropes (Andres et. al., 2012).

Sandpipers and other Shorebirds

As noted above, numerous species of sandpipers and other shorebirds nest on the ACP, and many of
these use habitat in the immediate vicinity of the Proposed Action Area. Several years of Prudhoe
Bay area nest searches found nest densities of semipalmated sandpiper and pectoral sandpiper were
rivaled only by Lapland longspur (Calcarius lapponicus), a landbird (Streever and Bishop, 2014).
Nests of stilt sandpiper, long-billed dowitcher, and dunlin were also regularly found. American
golden-plover, ruddy turnstone, and buff-breasted sandpiper were less common but also present. Of
the nesting birds found during the Prudhoe Bay surveys ruddy turnstone, often preferring sparsely
vegetated coastal salt marsh habitat, is the rarest breeder with an estimated ACP population of 3,400.
Across the ACP the breeding population of semipalmated sandpipers in wetlands is estimated at 19.3
mi? in their preferred wetland habitat and greater than 1,300,000 overall. Pectoral sandpipers are
estimated to nest at densities as high as 11.6 mi? and number over 1,000,000 (Bart et al, 2012;
Saalfeld et al., 2013).
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Buff-breasted sandpiper uniquely among North American shorebirds uses a lek mating system,
whereby the male defends (sometimes only briefly and in succession with other males) a relatively
small territory he uses only to display and attract females, providing no other resources. The females
lay and brood elsewhere in the area. The lek may remain active for days or weeks, but most of the
time is not a location to which birds return to from year to year (Lanctot, pers. comm., 2016; Lanctot
and Laredo, 1994). Individual male buff-breasted sandpiper lek behavior and siting can be somewhat
opportunistic and adaptable, however, and some lek sites, including near the Endicott Road appear to
have been used by the species for multiple years (Lanctot and Weatherhead, 1997; Lanctot et al.,
1998; R. Lanctot, pers. comm., 2016). Lekking males tend to use non-patterned ground near streams
(Lanctot and Slater, 1992), dissimilar to much of the Proposed Project Area, and no leks have been
identified in the Proposed Project Area. The Buff-breasted Sandpiper Conservation Plan (Lanctot et.
al, 2010), notes that the population, estimated at 40,000 on the ACP (Bart et al, 2012) has apparently
substantially declined and is categorized as Near Threatened by the International Union for
Conservation of Nature (IUCN)/BirdLife International. Most recently, it has also been categorized as
a Bird of High Conservation Concern (HCC) in the U.S. Shorebirds of Conservation Concern — 2016
(U.S. Shorebird Conservation Plan Partnership, 2016). Factors that led to these designations were a
small and declining population and relatively small nonbreeding area within which birds concentrate
in South America. American golden-plover, dunlin, pectoral sandpiper, and semipalmated sandpiper
are also on the 2016 list of HCC. The ACP breeding subspecies of dunlin (C.a. Arcticola) has
reportedly declined substantially in recent decades (Andres et. al., 2012).

Post-breeding, at least 20 species of shorebirds use the ACP coastline as staging for and stopovers on
southbound migrations (Taylor et al., 2010). The Beaufort Sea coastal river deltas and other littoral
habitats are important migratory stopovers for many species—thousands to hundreds of thousands of
birds per species (Bart et al., 2012; Taylor et al., 2010; Brown et al., 2007; Churchwell et al., 2016).
Semipalmated sandpiper, dunlin, and red-necked phalarope were the most common species observed
in the Sagavanirktok River Delta vicinity in late July and August of 2005 and 2006 (Taylor et al.,
2010). Brown et al. (2012) proposes that the Sagavanirktok River and Kadleroshilik River function
together with the larger Alaskan Beaufort Sea coastal deltas like the Colville River Delta as part of a
complex habitat web within which each smaller site is important at various times in preparing
shorebirds for their southbound migration.

Landbirds

A variety of landbirds (e.g., raptors and owls, passerines, fowl or game birds) occur in the Proposed
Action Area. Some of these are top predators in terrestrial and shoreline areas with which they are
associated. A few species occur in the area year-round. Some are significant because they are
common breeders in the Proposed Action Area. Finally, many landbird species migrate over the
Proposed Action Area, including over marine waters.

Besides owls, a few raptor species breed on the ACP and may be seen in low numbers in the
Proposed Project Area. These include Northern harrier (Circus cyaneus), rough-legged hawk (Buteo
lagopus), and Peregrine falcon (Falco peregrinus), which all prey to some extent on other birds. They
are territorial breeders, occur on the ACP only during the breeding season, and occasionally nest on
oil field infrastructure.

Common raven (Corvus corax) is expected to occur in the Proposed Action Area coastal and
terrestrial zones. This large passerine is a generalist scavenger and also a predator on the young and
eggs of other birds during the breeding season. Ravens are attracted to landfill food sources and occur
year-round on the ACP (Saalfeld, Hill, and Lanctot, 2013). Geese, duck, and ptarmigan have been
among the types of avian remains identified in a study of raven diet on the Prudhoe Bay oilfields,
approximately 25 miles to the west of the Proposed Project Area (Powell and Backensto, 2009).
Ravens prefer to breed on cliffsides and other elevated areas. Only in recent decades, as
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communication and oil field infrastructure increased, have ravens noticeably expanded their breeding
range onto the relatively flat-featured ACP. Both the number of raven sightings during the winter
Audubon Christmas Bird Count, and the number of raven nests in summer have increased over the
recent years of study (1987 to 2012 and 2004 to 2014, respectively) on the Prudhoe Bay oil fields
(including existing artificial drilling islands Endicott SDI and Northstar) (Bishop and Streever, 2016).

Another landbird predator likely to occur in the Proposed Action Area coastal zone year-round is
snowy owl (Bubo scandiacus). Snowy owl is an important Arctic predator on small mammals,
especially lemmings, and the young of other birds during breeding season. Therrien, Gauthier, and
Béty (2011) describe how they should be considered a marine species with their common venturing
out over the pack ice. Gall and Day (2012) report a short-eared owl (Asio flammeus) at the Burger
prospect in the Chukchi Sea in August 2009, at least 60 miles from shore. Seven snowy owls were
observed in July around Foggy Island Bay, including six associated with Tigvariak Island (Dau and
Bollinger, 2012). Ptarmigan species, particularly rock ptarmigan (Lagopus mutus) which prefer open
tundra and breed in alpine and Arctic tundra, are common fowl on the ACP year-round.

Several species of passerine birds (also called songbirds) breed in Arctic habitats in the U.S., Canada,
and Russia, and migrate across the Beaufort Sea to and/or from their wintering grounds. Two
common breeders on the ACP include Lapland longspur and snow bunting (Plectrophenax nivalis).
Like all Alaskan ground-nesting passerines, the nests of these small birds are camouflaged and easily
overlooked, despite their abundance. They both arrive on the ACP breeding grounds early in spring,
snow bunting being one of the first Colville River Delta arrivals with a current mean arrival date of
April 17 (Ward et al., 2016).

Passerines interact with at-sea oil and gas industry vessels, often hundreds of miles from land. Arctic
passerine migrations are usually nocturnal and have not generally been well-studied, but it is well-
known that these long-distance flights are occurring both for species that winter in North America
(*New World” migrants), as well as some that breed and/or winter on other continents (commonly
referred to as “Old World” migrants). Passerine flights in the Arctic are sometimes “off-course”
migrants, and other times very large flocks. Over 40 percent of the bird encounters recorded on
drilling and support vessels during 2012 and 2015 exploration drilling in the Chukchi Sea were
passerines, including three species of Old World migrants — Arctic warbler (Phylloscopus borealis),
northern wheatear (Oenanthe oenanthe), and yellow wagtail (Motacilla tschutschensis), American
pipit (Anthus rubescens), yellow warbler, (Dendroica [Setophaga] petechia), Swainson’s thrush
(Catharus ustulatus), dark-eyed junco (Junco hyemalis), rusty blackbird (Euphagus carolinus), a
“sparrow” (Family Passeridae), four birds described as “warblers” (a vague term that could be
applied to any number of small perching birds), and nine other individuals that were not or could not
be identified to species but were (based on photographs) probably passerines (Shell, 2012 and 2015).
Given the large proportion of passerines and multiple numbers of strikes far from shore in adjacent
Arctic waters, many of the passerine species are expected to also fly in or near the Proposed Action
Area.

3.24 Marine Mammals and Acoustic Environment

This section provides information on the acoustic environment and marine mammal species that may
be present in or near the Proposed Action Area, including those that may be impacted by vessel
transit from Dutch Harbor. This includes species currently listed as threatened or endangered, or as
candidate species under the ESA. Threatened and endangered marine mammal species described
include bowhead, fin, humpback, and right whales; bearded seals, Steller sea lions, sea otters, and
polar bears. Fin, humpback, blue, sperm, and right whales; Steller sea lions, and sea otters, though
considered extralimital to the immediate environment surrounding the Proposed Action, may be
encountered by vessel traffic in transit from Dutch Harbor.
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Other species of marine mammals occurring in the Beaufort Sea include beluga whales, gray whales,
Pacific Walrus, and spotted and ringed seals.

Minke, humpback, fin, and killer whales, harbor porpoises, and ribbon seals regularly occur in the
Chukchi Sea but not in the Beaufort Sea. Narwhals and hooded seals are considered extralimital to the
Proposed Action Area and will not be discussed in this FEIS.

3.2.4.1 Acoustic Environment

The underwater and terrestrial acoustic environment is particularly important to marine mammals
since they use noise to navigate, find prey, communicate, and detect disturbances or threats. While
cetaceans typically rely on underwater acoustics, pinnipeds and polar bears perceive noises in and out
of the water, such as when individuals are hauled out, spy-hopping, or traveling across the sea ice as
is the case with polar bears.

In the Beaufort Sea, natural sources of marine sound include wind stirring the surface of the ocean,
storms, ice movements, and animal vocalizations and noises (including whale calls and echolocation
clicks). The frequency and magnitude of noise from each of these producers can differ dramatically
within and among years as a result of variation in the seasonal presence of the sound sources. Existing
human sources of sound in the Beaufort Sea include vessels (motor boats used for subsistence and
local transportation, commercial shipping, research vessels, etc.); navigation and scientific research
equipment (e.g., benthic trawls); airplanes and helicopters; human settlements; military activities; and
offshore industrial activities. Burgess and Greene (1999) measured the overall ambient sound in the
Beaufort Sea in September 1998 to be approximately 63 to 133 decibels root mean square (dBrwms).

3.2.4.1.1 Physical Environment Sound Sources

The Proposed Action Area is covered by sea ice during much of the year (see Section 3.1.2.4, Sea
Ice). Sea ice can both produce substantial amounts of ambient noise and act as a damper (Richardson
et al., 1995). Particularly in very shallow water, ice reduces the transmission efficiency of low
frequency sounds (Blackwell and Greene, 2001). Temperature changes can result in cracking;
cracking ice produces sounds across a broad range of frequencies, typically from 100 Hertz (Hz) to 1
kilohertz (kHz) and can vary as much as 15 dB within 24 hours in response to diurnal changes in air
temperature (USDOI, BOEM, 2011). Greene (1981) documented frequencies from 4 to 200 Hz
produced by ice deformation. The types of sea ice (e.g., broken, shorefast) and its movement, as well
as air temperature and wind speed all influence the ambient sound levels ice produces (Richardson et
al., 1995). Ambient sound levels in the Proposed Action Area are lower in winter. At frequencies less
than 50 Hz, Greene (1997) found the difference between summer and winter ambient sound levels in
the area was approximately 10 dB.

Wind and waves are a dominant source of ambient noise during the open-water season (Greene and
Moore, 1995). Wind, wave, and precipitation noise originating close to the point of measurement
dominate frequencies from 500 Hz to 50 kHz (Richardson et al., 1995). Ambient noise levels are
greater in the marginal ice zone, due in large part to wave action against the ice edge and because of
the breaking up and movement of ice floes (Milne and Ganton, 1964). Greene (1998) used seafloor
recorders that measured sounds at frequencies between 20 and 5,000 Hz to measure open-water
ambient underwater sound levels in Stefansson Sound near the Proposed Action Area. The median
sound pressure level measured over 44 days was 97 dBrms based on samples of sounds averaged over
30 seconds; the 5" and 95" percentiles were 78 and 110 dBrws, respectively. The values reported in
Greene (1998) are consistent with measurements collected during acoustic monitoring of a seismic
survey near the Proposed Action Area in the summer of 2008, which yielded ambient sound levels at
frequencies from 10 to 450 Hz with 5™ and 95" percentile levels of 70 and 100 dBrws, respectively
(Aerts et al., 2008). The most recent ambient sound measurements for Foggy Island Bay, measured
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during the 2015 open-water season, showed median levels of 96 to 98 dBrws; 10 percent of the time
the sound levels exceeded 104 dBrws to 108 dBrms (Frouin-Mouy, Zeddies, and Austin, 2016).

Biological Sound Sources

Marine mammals can contribute to the background sounds in the acoustic environment of the
Beaufort Sea; frequencies and levels are highly dependent on seasons. For example, source levels of
bearded seal songs have been estimated to be up to 178 dBrwms at 1 m (Ray et al., 1969; Stirling,
1983; Richardson et al., 1995; Thomson and Richardson, 1995). Ringed seal calls have a source level
of 95-130 dBrwms at 1 m, with the dominant frequency under 5 kHz (Stirling, 1973; Cummings et al.,
1986; Thomson and Richardson, 1995). Bowhead whales in western Greenland waters produced
songs of an average source level of 1852 dBrwms at 1 m centered at a frequency of 444 +48 Hz
(Roulin et al., 2012).

Existing Human-Generated Sound Sources

Levels of anthropogenic (human-caused) sound can vary dramatically depending on the season, type
of activity, and local conditions. In the U.S. Beaufort Sea, primary sources of anthropogenic sound
are vessels and oil and gas exploration, development, and production activities. 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 levels from open-water oil and gas exploration activities in the U.S. Beaufort Sea have been
measured since 2006 as required by regulatory permits (2015 Hilcorp EIA, Section 3.5.2).

Vessels. Vessel traffic and associated noise is limited primarily to late spring, summer, and early
autumn at the present time. The types of vessels operating in the vicinity of the Proposed Action Area
include barges, skiffs with outboard motors, icebreakers, tourism, scientific research vessels, and
vessels associated with oil and gas (e.g., seismic vessels, crew-transfer vessels). Shipping sounds are
often at source levels of 150 to 190 dBgrwms at 1m (USDOI, BOEM, 2011). Shipping traffic is mostly
at frequencies from 20 to 300 Hz (Greene and Moore, 1995). Sound produced by smaller boats
typically is at a higher frequency, around 300 Hz (Greene and Moore, 1995). In shallow water,
vessels more than 6.2 miles away from a receiver generally contribute only to background sound
levels (Greene and Moore, 1995). Measured noise from vessels associated with a 2008 seismic survey
for the Proposed Action Area decayed to levels of 120 dBrms SPL within ranges less than 0.2 miles
from the vessels and decayed to levels of 100 dBrms SPL at ranges less than 0.6 miles (Aerts et al.,
2008). The daily average sound attributable to passing vessels during geohazard surveys in Foggy
Island Bay from July 6 to September 22, 2015 was approximately 138 dBrms sound exposure level
(SEL) (24 hours) at 1,640 feet from the end of the offshore survey line, and approximately 154 dBgrwms
SEL at 3.1 miles from the end of the offshore survey line (Frouin-Mouy, Zeddies, and Austin, 2016).
In both cases the range of sound energy from vessels could almost encompass the range of average
daily SEL; meaning that when one or more vessels were present, vessel-associated noise could
dominate the nearby ambient soundscape. Sound levels were typically higher farther offshore and the
differences in acoustic energy attributable to passing vessels indicates that vessel noise likely
accounts for most of the difference in ambient sound energy levels between nearshore and offshore
portions of the survey area (Frouin-Mouy, Zeddies, and Austin, 2016).

Oil and Gas Activities. Industrial activities that introduce sound into the environment include
geophysical seismic surveys, and oil and gas exploration, development, production, and
decommissioning activities, including construction of, and travel on, ice-roads and other on-ice
activities that occur throughout the winter.

Two-dimensional (2D) seismic surveys have been conducted in the Beaufort Sea since the late 1960s.
Seismic surveys vary, but a typical deep 2D or three-dimensional (3D) seismic survey using airgun
arrays comprised of multiple guns would emit sound at frequencies of about 10 Hz to 120 Hz, and
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pulses can contain some sound energy up to 500 Hz to 1 kHz (Greene and Moore, 1995). Seismic
airgun sound waves are directed downwards, but can project sound pulses horizontally that can be
detected many miles away (Greene and Richardson, 1988; Greene and Moore, 1995). Analysis of
sound associated with seismic operations in the Beaufort Sea and central Arctic Ocean during ice-free
conditions also documented propagation distances up to 807.8 miles (Richardson, 1998, 1999; Thode
et al., 2010). While seismic energy does have the capability of propagating for long distances, it
generally decreases to a level at or below the ambient noise level at a distance of 6.2 miles from the
source (Richardson, 1998, 1999; Thode et al., 2010). Aerts et al. (2008) documented that distant
airgun sounds from unrelated surveys were detectable within the Proposed Action Area.

Greene and Moore (1995) summarized that typical signals associated with vibroseis sound source
used for on-ice seismic surveys sweep from 10 to 70 Hz, but harmonics extend to about 1.5 kHz.

In state waters of the Beaufort Sea, there are three operating oil production facilities (Northstar,
Oooguruk, Nikaitchug) on manmade gravel islands and two production facilities on a manmade
peninsula/causeway. Much of the production noise from oil and gas operations on gravel islands is
substantially attenuated within 2.5 miles and often not detectable beyond 5.8 miles away (NMFS,
2014). Studies conducted as part of a monitoring program for the Northstar project (a drilling facility
located on an artificial island in the Beaufort Sea) indicate that in one of the 3 years of monitoring
efforts, the southern edge of the bowhead whale fall migration path may have been slightly (2 to 3
miles) further offshore during periods when higher sound levels were recorded; there was no
significant effect of sound detected on the migration path during the other two monitored years
(Richardson et al., 2004). Evidence indicated that deflection of the southern portion of the migration
in 2001 occurred during periods when there were certain vessels in the area and did not occur as a
result of sound emanating from the Northstar facility itself (USDOI, BOEM, 2011).

Other Sound Sources. Aircraft traffic associated with research and oil and gas activities occurs in
the Beaufort Sea in all seasons. The level and duration of sound received underwater from aircraft
depends on altitude and water depth (NMFS, 2014). Received sound level decreases with increasing
altitude. For a helicopter operating at an altitude of 1,000 feet, there were no measured sound levels at
a water depth of 121 feet (Greene, 1985).

Acoustic systems may be used in the Arctic by researchers, military personnel, or commercial vessel
operators. These include high-resolution geophysical equipment, ADCPs, mid-frequency sonar
systems, and navigational acoustic pingers (LGL, 2005, 2006). These active sonar systems emit
transient sounds that vary widely in intensity and frequency (USDOI, BOEM, 2011).

3.2.4.2 Cetaceans

Beluga, bowhead, and gray whales are the only cetaceans that are likely to occur in the Proposed
Action Area. The other whales described herein are those that may be encountered by vessels in
transit from Dutch Harbor. The NMFS Stock Assessment Reports (SAR) and species-specific web
sites contain up-to-date and detailed information on the status, distribution, abundance, and life
history of each of the cetacean species mentioned in this document. The newest SARs for these
species (Muto et al., 2016; Carretta et al., 2015, Allen and Angliss, 2015) are available at:
http://www.nmfs.noaa.gov/pr/sars/species.htm. Web sites updated by NMFS with information
specific to these species can be found at http://www.fisheries.noaa.gov/pr/species/mammals/. In
addition, updated information on marine mammals can also be found in the NMFS 2016 Arctic
Environmental Impact Statement (EIS) for the effects of oil and gas activities in the Arctic Ocean
(NMFS, 2016a).
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3.2.4.2.1 Beluga Whale
Population and Status

Two stocks (subpopulations) of beluga whales occur in the Beaufort Sea: the Beaufort Sea (BS) and
Eastern Chukchi Sea (ECS) stocks (Allen and Angliss, 2015). These stocks were tentatively identified
by their summer distributions (Frost and Lowry, 1990; Richard, Martin, and Orr, 2001), and were
later confirmed genetically (O’Corry-Crowe et al., 1997, 2002, 2010). Beluga whales in Alaska
appear to follow one of two life history strategies: migratory and nonmigratory. Migratory stocks
such as the ECS and BS use shallow nearshore and deepwater offshore habitats (Hazard, 1988; Frost
and Lowry, 1990).

The current minimum population estimate for beluga whales in the ECS stock is 20,752 individuals
based on aerial surveys (Lowry et al. 2017), and the current minimum population estimate for beluga
whales in the BS stock is 20,752 individuals based on surveys completed in 1992 (Allen and Angliss,
2015). Trend data from the Mackenzie River Delta indicate the BS stock is at least stable or
increasing (Harwood and Kingsley, 2013 in Allen and Angliss, 2015). All populations of beluga
whales are protected under the Marine Mammal Protection Act (MMPA) but neither the BS nor ECS
stock is listed under the ESA.

Distribution ECS

Beluga whales are found throughout seasonally ice-covered Arctic and subarctic waters of the
Northern Hemisphere (Gurevich, 1980), and are closely associated with open leads and polynyas in
ice-covered regions (Hazard, 1988). Depending on season and region, beluga whales may occur in
both offshore and coastal waters (Figure 3-18 and Figure 3-20). The distribution of beluga whales in
Alaska is discontinuous from Yakutat Bay to Cook Inlet to Bristol Bay. The area from Bristol Bay
northward and eastward to Canada is used by belugas; the Bering and Chukchi seas are used year-
round, and the Beaufort Sea is used in summer (Frost and Lowry, 1990).

Both ECS and BS beluga whale stocks winter in the southern Chukchi Sea and Bering Sea (Suydam
et al., 2001; Miller, Elliott, and Richardson, 1998; Muto et al., 2016) however, there is some evidence
that the stocks may use separate wintering locations (Citta et al., 2016). Migration north through the
Chukchi Sea and east through the Beaufort Sea is stock-specific, with BS migration occurring in
spring and ECS in summer.

Satellite telemetry data indicate that summering BS belugas tagged in the Mackenzie River Delta
(Canada) stayed in the Canadian Beaufort Sea for the entire month of July and most of August, in an
area from the delta east into Amundsen Gulf and north to Viscount Melville Sound (Richard, Martin,
and Orr, 2001). Beluga whales migrating in the fall from the Canadian Beaufort Sea transit the U.S.
Beaufort Sea in a dispersed pattern, along the southern edge of the pack ice over the continental shelf
break, to reach western Chukchi Sea waters primarily during September (Richard, Martin, and Orr,
1997; 2001). During this time, pods can number 500 to 1,000 individuals (Lowry, 1994; Citta and
Lowry, 2008). Occasionally, a few appear in coastal areas and river deltas.

Belugas in the ECS Stock calve, feed, and molt in June and July near Kasegaluk Lagoon, between
Cape Lisburne and Icy Cape, Alaska (Frost and Lowry, 1990; Frost, Lowry, and Carroll, 1993;
Suydam et al., 2001). ECS belugas tagged in Kasegaluk Lagoon have been tracked in July through
November from 130°W to 176.5°W and north to 81°N (Suydam et al., 2001; Sudam, Lowry, and
Frost, 2005; Citta et al., 2013). This suggests that belugas sighted during aerial surveys in the
northeastern Chukchi Sea and western Beaufort Sea from June through August are likely ECS
belugas (Hauser et al., 2014). However, during the return migration in September and October, BS
belugas overlap with ECS belugas in the western Beaufort Sea (Hauser et al., 2014).
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Distribution of belugas may be impacted by age and sex. Analysis of mitochondrial DNA indicates
that beluga whale adults in the western North American stocks are stratified by age (O’Corry-Crowe
et al., 1997). Older adult males tend to disperse more (O’Corry-Crowe et al., 1997; Suydam, Lowry,
and Frost, 2005). These patterns are supported by a study on movement patterns of tagged ECS
belugas in Kasegaluk Lagoon, near Point Lay (Suydam, Lowry, and Frost, 2005). Although belugas
of all ages and both sexes were most often found in water deeper than 656 feet along and beyond the
continental shelf break, adult males moved farthest away from shore and remained there longest,
females moved the shortest distance, and immature males showed intermediate movement (Suydam,
Lowry, and Frost, 2005). BS belugas tagged in the eastern Beaufort Sea also showed age and sex
differences in their habitat use; females with calves and younger males selected open-water habitats
near the mainland and older males selected closed sea ice cover in and near the Arctic Archipelago
(Losteo et al., 2006).
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Figure 3-15 Liberty Area Beluga Whale Sightings — 2014

Locations of beluga whale sightings made by Protected Species Observers (PSOs) from
vessels during the Liberty 2014 Survey (Smultea et al., 2014).

In interviews summarizing Traditional Ecological Knowledge (TEK), beluga whale hunters in the
eastern Chukchi and northern Bering seas also indicated that groups composed of different age and
sex classes of belugas migrated at different times, and thus arrived at harvest areas (e.g., Escholtz
Bay) at different times. First, subadult belugas migrated along the ice edge in spring, females with
calves and young whales followed, and large males migrated along the ice edge last (Huntington et
al., 1999). Hunters reported that tidal movements of belugas in and out of Escholtz Bay were led by
large adult males (Huntington et al., 1999). Data on age composition and sex ratio of beluga whales in
Alaska are scant and age composition may vary by geographic area.
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Figure 3-16 Beluga Whale Locations
Locations of beluga whale groups seen by Protected Species Observers during the 2014

BPXA seismic survey (Lomac-MacNair et al., 2015).
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Figure 3-17 Foggy Island Bay Beluga Whale Sightings — 2015
Locations of beluga whales (blue dots) seen by Protected Species Observers in Foggy Island Bay

during the 2015 HAK geohazard surveys (Cate et al., 2015).
During the 2014 open-water season, BPXA conducted a two-dimensional (2D) high-resolution (HR)

shallow geohazard survey followed by a seabed sonar mapping survey in the Proposed Action Area.
Marine mammal monitoring surveys were conducted in association with this operation. The surveys
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began on July 16 and were completed by August 30, 2014. During that time, 8 groups of
approximately 19 individual beluga whales, 5 of which were juveniles, were seen in the area (Figure
3-15 and Figure 3-16); some of these were considered re-sights (Smultea et al., 2014).

BPXA also conducted a marine mammal monitoring survey during their 3D ocean bottom sensor
seismic operations in the North Prudhoe Bay area during the 2014 open-water season (beginning July
to mid-September). The survey location was approximately 30 miles west of the Proposed Action
Area. During the survey, 7 groups of approximately 15 individual beluga whales were observed
(Figure 3-16), including 3 calves; some of these were considered re-sights (Lomac-MacNair et al.,
2015).

HAK conducted a marine mammal monitoring survey in 2015 during their open-water season shallow
geohazard and strudel scour survey operations in the Proposed Action Area (U.S Beaufort Sea).
Observations for marine mammals were conducted July 9 through July 19, 2015. Five beluga
observations were made in Foggy Island Bay (Figure 3-17) though it was thought this was the same
beluga seen on multiple occasions (Cate et al., 2015).

Aerial surveys for marine mammals have occurred annually from 1979 to 2015 in the summer and
fall in the western Beaufort Sea. These surveys are currently known as the Aerial Surveys of Arctic
Marine Mammals (ASAMM) project, funded by BOEM and conducted by NOAA. While ASAMM
surveys were not conducted in the Proposed Action Area during this time, ASAMM surveys noted
that most belugas are observed along the continental shelf (Figure 3-18). Beginning in 2016, NOAA
conducted surveys inside the barrier islands, where the proposed LDPI is located. While no belugas
were observed in the vicinity of the proposed LDPI, belugas have been seen immediately north of the
Proposed Action Area and seaward of the barrier islands (Figure 3-19). In general, beluga distribution
in the ASAMM survey area, south of 72°N, has remained consistent over the past 30 years (Clarke et
al., 2015a).

3-56 Description of the Environment



BOEM Liberty Development and Production Plan Final EIS

[TT——— ] ok, A
A gy, (MBS A
/ Iy J'L A [a d% _"‘#&:A"’E-
/ £ o o A gl
£ q//au%f/:/qsé?fﬂ A A poa
T A = =1

f A |
Al & 4 , A
| fan a B LS

A A L pl L Jaus Wainwright

Sy

Kaktovikias

Y » .A ,‘4 ¢ "7‘ Yy i -
/ — A [) A
/ [a 44 Nuigsut A
/ .‘: Liberty
_ / [ Island
— A
/ T [ —.Lér
/ —
/ %/
/ . Point Hope

Belugas
All Transect Sightings Jul-Oct
A 2014
4 1979-2013 N ~
I_ Official Protraction Diagram (OPD) - i 4
0 45 90 Miles M ation

NAD 83 - Alaska Albers Projection
January 21, 2016

0 75 150 Km

Figure 3-18 Belugas Seen in the U.S Arctic during ASAMM Surveys 1979-2014

The 2014 (July through October) survey data gathered by ASAMM found that beluga distribution in
the western Beaufort Sea in summer and fall was centered over the continental slope and Barrow
Canyon, north and west of the Proposed Action Area, with a few more sightings than usual in shallow
nearshore areas (Figure 3-19). Beluga sightings were scattered across the western Beaufort Sea slope,
although a few were seen seaward of barrier islands (Clarke et al., 2015a; Figure 3-18). Although
belugas are not usually seen inshore of barrier islands, industry operating approximately 30 miles
west of the Proposed Action Area have documented occasional presence of beluga within the barrier

islands (Lomac-MacNair et al., 2015).

Kuletz et al. (2015) examined seasonal spatial patterns in seabird and marine mammal distribution in
the eastern Chukchi and western Beaufort seas to identify biologically important pelagic areas. To
identify marine mammal hotspots, data from the ASAMM surveys from mid-June through late
October of 2007 through 2012 were used. Hotspots for belugas occurred in both the Chukchi and
Beaufort seas. They found that the locations of hotspots varied among species but often were located
near underwater canyons or over continental shelf features and slopes. Shared hotspots were
characterized by strong fronts caused by upwelling and currents, which may have high densities of
euphausiids (krill) in summer and fall. Belugas were distributed more widely than bowhead whales
and had higher relative abundance in summer than in fall. No hotspots were identified close to or in

the Proposed Action Area.
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Figure 3-19 Belugas near the Proposed Action Area during ASAMM Surveys 1979-2014

Clarke et al. (2015b) evaluated Biologically Important Areas (BIAs) for belugas in the U.S. Arctic
region and identified three. Both the spring (April through May) and fall (September through
October) migratory corridor BIAs for belugas are far north of the Proposed Action Area because
sightings of belugas from aerial surveys in the western Beaufort Sea are primarily on the continental
slope, with relatively few sightings on the shelf (Clarke et al., 2015b). Clarke et al. (2015b) also
identified one combined BIA for belugas important for both reproduction and feeding — between
Cape Lisburne and Icy Cape in the Chukchi Sea. No reproductive and feeding BIAs were identified in
the Beaufort Sea for belugas.

From the data discussed above, beluga whale occurrence in the Proposed Action Area is considered
very limited. However, a few beluga whales would be expected to be found within the Proposed
Action Area during a given open-water season.
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Figure 3-20 Belugas Seen in the U.S Arctic during 2014 ASAMM Surveys by Month
Life History

Conception most likely occurs in early spring while belugas are at their wintering areas or during the
spring migration, as early as mid-March to early June (Brodie, 1971; Sergeant, 1973; Burns and
Seaman, 1985; Brown Gladden, Ferguson, and Clayton, 1997). However, O’Corry-Crowe et al.
(1997) indicate that mating occurs in the Eastern Beaufort stock between April and July. Adult male
beluga whale behavior in mating seasons is consistent with a polygamous mating system in which
males compete directly for access to females (O’Corry-Crowe et al., 1997). The overall sex ratio of
beluga whales in Alaska is 1:1; however, subsampling of the dataset used in the sex ratio study
showed large deviations in sex ratio by area (Burns and Seaman, 1985).

Beluga whales may live more than 60 years (Burns and Seaman, 1985). Female belugas may reach
reproductive maturity between 4 and 10 years of age, and males may reach reproductive maturity
between 8 and 15 years of age (Nowak, 1991 in NMFS, 2008; Suydam, 1999; Lockyer et al., 2007;
NMFS, 2008). Gestation lasts 14 to 14.5 months, with single calves born in late spring or early
summer (NMFS, 2008). Beluga whale calves may nurse for up to 2 years. Older calves and subadults
may, however, remain closely associated with mothers much longer than 2 years (O’ Corry-Crowe et

al., 2002).

Beluga whales change color from gray to white as they mature, reaching white coloration between
ages 12 and 17 (Brodie, 1971; Sergeant, 1973), although Burns and Seaman (1985) reported gray
females up to 21 years of age. McGuire et al. (2008) photo-identified 10 gray beluga whale mothers
with calves in Cook Inlet. Because this color change appears not to occur at a standard age and may
not indicate reproductive maturity, age-class (individuals of the same age range) for belugas is
typically inferred from a combination of relative body size and coloration.
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The beluga whale is a highly social species that exhibits substantial variation in geographic
movement patterns and in group structure (O’Corry-Crowe et al., 1997). They typically migrate, hunt,
and interact together. Nowak (1991) reported an average group size of 10 animals, although they may
occasionally form larger groups, during migrations (Huntington, 1999). Native hunters have stated
that beluga whales form family groups (Huntington, 2000). Behavior of groups of belugas, such as
seasonal movements and occurrence of aggregations, may differ by age and sex of group members,
group size, and environmental variables (e.g., tides, prey distribution, predation) (Hazard, 1988;
O’Corry-Crowe, 2009).

The smaller toothed cetaceans, such as belugas, produce sounds across some of the widest frequency
bands that have been observed in animals (Southall et al., 2007). Their social sounds are generally in
the range audible to humans, from a few hundred Hz to several tens of kHz, but specialized clicks
used in biosonar (echolocation) systems for prey detection and navigation extend well above 100 kHz
(Southall et al., 2007).

Beluga whales also have a well-developed sense of directional hearing. They can hear across a large
range of frequencies, from about 40 to 75 Hz to 80 to 150 kHz (Richardson, 1995). Their hearing is
most acute at middle frequencies, between about 10 and 75 kHz (Fay, 1988; Richardson, 1995).
Therefore, beluga whales are grouped in the mid-frequency cetacean hearing group with an estimated
auditory bandwidth of between 150 Hz to 160 kHz (Southall et al., 2007) and in the boxcar frequency
range of 150 Hz to 160 kHz (NMFS, 2016b). Sound reception is through the lower jaw, which is
hollow at its base and filled with fatty oil. Sounds are conducted through the lower jaw to the middle
and inner ears, and then to the brain (NMFS, 2008).

Beluga whales use echolocation for directional voice and hearing capabilities (Penner, Turl, and Au,
1986). Their ability to emit and receive signals off the water’s surface and to detect targets in high
levels of ambient noise and backscatter enable the animals to navigate through heavy pack ice, as well
as locate areas of ice-free water and possibly even find air pockets under the ice (Turl, 1990). If a
noise source between a beluga and its target is too high to use straight-line echolocation, the beluga
can redirect and bounce its echolocating beam off the water’s surface. This ability to alter its emitted
pulses in a different direction allows the beluga to successfully locate its target in the presence of
other noise sources (Penner, Turl, and Au, 1986). Dive profiles indicate belugas may use sound while
diving to locate cracks in the ice above (Martin, Smith, and Cox, 1998).

Observations of beluga whales in captivity led to a conclusion that they have rather good visual
capabilities (Pilleri, 1982; Marino and Stowe, 1997). However, laboratory investigations suggest that
their visual acuity is slightly less than that of other marine odontocetes (Mass and Supin, 2002). Their
retinas contain both rod and cone cells, so they are believed to see color (Dawson, 1980). Recent
immunocytochemical, physiological, and molecular genetic data, however, demonstrate an absence of
blue-sensitive cones in the eyes of whales and seals, indicating cone monochromacy and, hence,
serious deficits in—or even the absence of—color vision (Griebel and Peichl, 2003).

Diet and Feeding

Belugas have been known to hunt individually and in a group cooperatively. During foraging, belugas
may be able to maintain communication with others over areas of 984 to 1,640 feet (Bel'kovich and
Sh'ekotov, 1992). Foraging usually begins with a deliberate movement synchronized with acoustic
localization of prey. Short periods of rapid swimming then follow, accented by sudden changes of
direction. Belugas echolocate throughout this entire sequence of activities to orient themselves and
catch their prey (Bel'kovich and Sh'ekotov, 1990).

Belugas in the Beaufort and Chukchi seas appear to eat a variety of fish and invertebrates. A study
looking at stable isotope and trace element status of subsistence-hunted beluga whales in both the BS
and ECS stocks found the species occupied a higher trophic level than both bowhead and gray whales

3-60 Description of the Environment



BOEM Liberty Development and Production Plan Final EIS

but did not eat fish exclusively and that both pelagic and benthic foods are important components of
their diet (Dehn et al., 2006). Another study using stable isotopes found Arctic cod was a key prey
item in the summer diet of beluga whales in the eastern Beaufort (Loseto et al., 2009). Size related
dietary differences suggested larger sized beluga preferred offshore Arctic cod, whereas smaller sized
beluga appeared to feed on prey in their near shore habitats that included near shore Arctic cod. The
presence of Arctic cod groups in shallow near shore and deep offshore habitats may facilitate the
behavioral segregation of beluga habitat use as it relates to their size and resource requirements
(Loseto et al., 2009). Seaman, Lowry, and Frost (1982) found belugas ate a variety of fish and
invertebrates when stomach contents from 119 beluga whales from six locations in the Bering and
Chukchi seas were examined. However, 90 to 100 percent of stomachs analyzed by Seaman, Lowry,
and Frost (1982) contained invertebrates. Huntington et al. (1999) also described the diet of belugas
in the nearshore areas of the eastern Bering Sea, Kotzebue Sound, and the eastern Chukchi Sea to
include a variety of prey items, but primarily fish. Quakenbush et al (2015) documented stomach
contents obtained from subsistence-harvested and stranded belugas in Alaska, between 1954 and
2012. Of these, 62 were from the BS stock collected between 1983 and 2003 at Point Hope and
Diomede, and 67 were from the ECS stock collected between 1983 and 2010 near Point Lay and
Point Barrow (Quakenbush et al., 2015). The diet of beluga whales in the Beaufort Sea consists of
fish, especially Arctic cod (Boreogadus saida), and invertebrates, especially shrimp, echiurids,
polychaetes, and cephalopods (Quakenbush et al., 2015).

Mortality

Killer whales and polar bears are the only known nonhuman predators of beluga whales (Smith, 1985;
Sheldon et al., 2003; Loseto et al., 2006; O’Corry-Crowe 2009). Although polar bear predation on
beluga whales does not appear to be an important contributor to beluga mortality, polar bears have
been observed stalking belugas in shallow waters as well as making successful kills of calves and
subadult whales in deeper waters (Smith and Sjare 1990). Killer whale predation of belugas has been
observed in Arctic and subarctic waters range wide (as cited in Sheldon et al., 2003), and western
Alaska (Lowry, Nelson, and Frost, 1987; Frost, Russell, and Lowry, 1992; George and Suydam,
1998). An increase in the occurrence of killer whales at high latitudes (Clarke et al., 2013), and a
longer open-water period with less sea ice cover may offer more opportunities for orcas to attack
belugas in the future. Some believe orcas avoid sea ice because their large dorsal fin could
compromise their ability to surface for air (Matthews et al., 2011). Likewise, some believe belugas
are more efficient at moving in ice and can use sea ice as a refuge from killer whale attacks
(Ferguson, Kingsley, and Higdon, 2012; Fergusson, Higdon, and Westdal, 2012).

The most recent subsistence harvest numbers for the BS stock by Alaska Native hunters show an
annual average take of 65.6 belugas landed during the 5-year period between 2008 and 2012, based
on reports from Alaska Beluga Whale Committee (ABWC) representatives and on-site harvest
monitoring (Allen and Angliss, 2015). The most recent subsistence harvest numbers for the BS stock
by Canadian Inuvialuit subsistence hunters show an annual average take of 100 belugas landed during
the 5-year period between 2005 through 2009 based on reports from the Fisheries Joint Management
Committee and on-site harvest monitoring (Allen and Angliss, 2015). Thus, the mean estimated
subsistence take in Canadian (2005 through 2009) and U.S. (2008 through 2012) waters from the BS
beluga stock is 166 (100 + 65.6) whales.

The most recent subsistence harvest numbers for the ECS stock by Alaska Native hunters show an
annual average take of 57.4 belugas landed during the 5-year period between 2008 and 2012 based on
reports from ABWC representatives and on-site harvest monitoring (Allen and Angliss, 2015).

Three different commercial fisheries that could have interacted with beluga whales from the ECS
stock were monitored for incidental take by fishery observers during 1990 through 1997: Bering Sea
(and Aleutian Islands) groundfish trawl, longline, and pot fisheries. Observers did not report any
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mortality or serious injury to beluga whales incidental to these groundfish fisheries (Allen and
Angliss, 2015). In the nearshore waters of the southeastern Chukchi Sea, substantial efforts occur in
gillnet (mostly set nets) and personal-use fisheries. Although a potential source of mortality, there
have been no reported beluga whale takes as a result of these fisheries (Allen and Angliss, 2015).
Likewise, there have been no reported beluga whale takes as a result of fisheries in the BS stock
(Allen and Angliss, 2015).

Ship strikes, especially from small fast boats, have been identified as a threat to belugas (NMFS,
2008; Carter and Nielsen, 2011). Between 1983 and 2012, a total of 222 beluga carcasses from the St.
Lawrence Estuary (Canada) population were examined for causes of death. It was found that 4
percent died as a result of ship/boat strikes (Lair, Martineau, and Measures, 2014). There is limited
data in Alaska on mortality of belugas due to boat strikes. Although no mortality due to strikes has
been definitely confirmed in Alaska, it is suspected; i.e. observations of Cook Inlet beluga whales
with propeller scars and Cook Inlet belugas washed ashore dead with wide, blunt marks suggesting a
ship strike as the cause of the injury (NMFS, 2008). The rapid reduction in sea ice due to global
climate change has precipitated a surge of commercial activities in the Pacific Arctic, including
increases in shipping. These increased shipping activities add risk to belugas in the Arctic, via
increased likelihood of mortality or injury by ship strikes.

Climate Change

Evidence indicates the Arctic climate is rapidly changing, resulting in reductions in sea ice (ACIA,
2004; Johannessen et al., 2004). Such changes could affect beluga whales, which may be sensitive to
changes in Arctic weather, sea surface temperatures, or ice extent, and the concomitant effect on prey
availability. Laidre et al. (2008) and Heide-Jargensen (2010) concluded belugas are probably less
sensitive to climate change than other Arctic cetaceans after considering their wide distribution and
flexible behaviors.

Losses in sea ice could allow marine predators, such as killer whales, to penetrate into the Beaufort
Sea for longer distances, increasing the risks of predation on belugas; however, most belugas prefer
feeding in deep water near the shelf break, and are capable of diving to 2,950-foot depths in the
Canadian Basin (Hauser et al., 2015; Marin and Smith, 1992), while Miller et al. (2010) recorded the
maximum dive depth for a killer whale at 833 feet. Hauser et al. (2015) noted Arctic cod, a major
prey item for belugas, were most prevalent at the 656- to 984-foot depth in the Western Beaufort Sea
— the depths most belugas dive. Recent evidence for declining growth, body condition, and blubber
thickness suggests that ecosystem changes may be affecting belugas through reduced availability or
quality of prey (Harwood et al., 2014, 2015).

Considering the link between sea ice quantity and quality, and Arctic cod whose existence is linked to
sea ice, losses in sea ice extent and thickness would likely have adverse effects on beluga body
condition, unless the belugas demonstrate the ability to switch to other prey species. If salmon or
whitefish become more prevalent in the Beaufort Sea in the future, some of the effects on Arctic cod
could be offset, but to what degree remains speculative at present. Thus, future effects of climate
changes on beluga whales and their habitat could result in less, or more feeding opportunities,
depending upon how the populations of prey species respond to the new environmental conditions.
This in turn would affect the physical and behavioral state of belugas, as well as most population
parameters.

The spread of disease and parasites has also been suggested as a potential threat to Arctic marine
mammals by emigration/immigration events between different marine mammal populations, abetted
by sea ice losses, but only in a general context. The true potential for the spread of pathogens between
different stocks of beluga whales remains speculative.
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3.2.4.2.2 Bowhead Whale
Population and Status

Bowhead whale stocks occur in Arctic and sub-Arctic waters off eastern and western Canada, western
Greenland, offshore waters of Spitsbergen (Norway), Alaska, Chukotka (Russia), and the Sea of
Okhotsk. The International Whaling Commission (IWC) recognizes four stocks of bowhead whale for
management purposes (Allen and Angliss, 2015). The Western Arctic stock (also known as the
Bering-Chukchi-Beaufort stock) is the largest, and the only stock to inhabit U.S. waters (Allen and
Angliss, 2015). It is also the only bowhead stock within the Proposed Action Area.

All stocks of bowhead whales were severely depleted during the intense commercial whaling that
started in the early 16" century near Labrador (Canada) and spread to the Bering Sea in the mid-19"
century (Allen and Angliss, 2015). Woodby and Botkin (1993) reported a minimum worldwide
population estimate of 50,000 bowhead whales prior to the onset of commercial whaling, with 10,400
to 23,000 in the Western Arctic stock (dropping to less than 3,000 at the end of commercial whaling).
Consequently, the bowhead whale was listed as endangered under the ESA and as depleted under the
MMPA. Despite these designations, the Western Arctic stock of bowheads has been increasing (Allen
and Angliss, 2015). Based on concurrent passive acoustic and ice-based visual surveys, George et al.
(2004) reported that the Western Arctic stock of bowhead whales increased at a rate of 3.4 percent
from 1978 to 2001, during which time abundance doubled from approximately 5,000 to
approximately 10,000 whales. Schweder et al. (2009) estimated the yearly growth rate to be 3.2
percent between 1984 and 2003 using a sight-resight analysis of aerial photographs. Based on
concurrent passive acoustic and ice-based visual surveys, Givens et al. (2013) reported that the
Western Arctic stock of bowhead whales has increased at a rate of 3.7 percent from 1978 to 2011,
during which time abundance tripled from approximately 5,000 to approximately 16,000 whales.
These whale numbers are also correlated with increases in body condition for whales in the Western
Acrctic stock (George et al., 2015). It has been hypothesized that sea ice loss has positive effects on
secondary trophic production within the bowhead summer feeding areas perhaps increasing the body
condition and abundance of the whales (George et al., 2015a).

The minimum population estimate for the Western Arctic stock of bowhead whales is 13,796 based
on ice-based counts, acoustic locations, and aerial transect data collected during bowhead whale
spring migrations past Point Barrow, Alaska (Allen and Angliss, 2015) suggesting this stock may be
approaching its carrying capacity (Brandon and Wade, 2004; 2006). There is no critical habitat
designated for the bowhead whale under its ESA designation.

Distribution

Bowhead whales have a circumpolar distribution in high latitudes in the Northern Hemisphere, and
range from 54° to 85°N latitude. The Western Arctic bowhead whale stock generally occurs in
seasonally ice-covered waters, generally north of 60°N and south of 75°N in the western Arctic Basin
(Bering, Chukchi, and Beaufort seas) (Braham, 1984; Moore and Reeves, 1993; Rugh et al., 2003).
They live in pack ice and shallow continental shelf waters for most of the year, typically wintering at
the southern limit of the pack ice, or in polynyas (large, semi-stable open areas of water within the
ice). They spend most of the summer in relatively ice-free waters (Figure 3-25). While most bowhead
whales occur offshore, increasing numbers of animals have been observed in nearshore, shallow areas
in the past few years (Clarke et al., 2015a) and their historic distribution patterns may be changing.

There is a general pattern of year-round movements by the Western Arctic bowhead whale population
(Figure 3-21). They have a generalized (with some variability) migration route and feeding and
wintering areas. In general, the majority of the Western Arctic stock migrates annually from
wintering areas (December to March) in the northern Bering Sea, through the Chukchi in spring
(April through May), to the Beaufort Sea where they spend much of the summer (June through
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September) before returning again to the Bering Sea in fall (October through December) to
overwinter (Allen and Angliss, 2015).

During spring migration, bowhead whales typically migrate through spring lead systems along the
coast of Alaska, generally in the zone between the shorefast ice and mobile pack ice far offshore to
feeding areas in the Beaufort Sea (Quakenbush, Small and Citta, 2013; Allen and Angliss, 2015). The
spring migratory corridor between the Bering Strait and Cape Bathurst in the Amundsen Gulf
(Canada) has been relatively distinct and consistent over time (Quakenbush, Small and Citta, 2013).

During the summer, bowhead whales feed throughout the Beaufort Sea. Historically they have largely
aggregated in the Canadian Beaufort Sea and Barrow Canyon (U.S.) in deep water, where upwellings
concentrate prey species, although some whales remain in the eastern Chukchi and western Beaufort
seas (Ireland et al., 2009; Clarke et al., 2011a; Quakenbush, Small and Citta, 2013). However, in the
last several years there has been a change in areas used by bowheads for feeding to nearshore,
shallow regions (Clarke et al., 2015a). This shift may have occurred because of changes in food
availability for the whales associated with changes in wind patterns and oceanic upwelling (Citta et
al., 2015; Clarke et al., 2015a).

Fall migration takes place in pulses or aggregations of whales out of the Beaufort Sea (Moore and
Reeves, 1993). Ifiupiat whalers report that smaller whales precede large adults and cow-calf pairs on
the fall migration (Braham, Krogman, and Carroll, 1984, as reported in Moore and Reeves, 1993).
Satellite tagging of bowhead whales between 2006 and 2012 showed that the fall migratory corridor
between Hershel Island (Canada) and Point Barrow (Alaska) has been relatively distinct and
consistent over time (Quakenbush, Small and Citta, 2013). However, the fall migratory corridor
between Point Barrow and the Bering Strait is more variable (Quakenbush, Small and Citta, 2013).
This may be related to prey availability, which is also related to the timing of whale movements.

Fall migrating whales typically reach Cross Island in September and October, although some whales
might arrive as early as late August. Satellite tracking data (Quakenbush, Small, and Citta, 2010;
2013) from 2006 to 2012 and passive acoustic monitoring (Moore, Stafford, and Munger, 2010)
indicated most bowhead whales pass Point Barrow in September and October. After passing Point
Barrow, the migration paths of individual bowhead whales fan out across the Chukchi Sea with some
heading towards Wrangel Island (Russia) and then the coastal waters of Chukotka (Russia) where it is
believed they feed; others travel across the Chukchi Sea south of Hanna Shoals toward the Russian
coast (ADF&G, 2009; Ireland et al., 2009a; Quakenbush, Small and Citta, 2010; 2013; Citta et al.,
2012; 2015). After leaving the coastal waters of Chukotka, whales then move south through the
Bering Strait to the Bering Sea to winter (ADF&G, 2009; Ireland et al., 2009a; Quakenbush, Small
and Citta, 2010; 2013; Citta et al., 2012).
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Figure 3-21 Migration Route: Summer and Wintering Areas — Western Arctic Bowhead

Source: Quakenbush, Small and Citta (2013)

In 1997 aerial surveys flown by BPXA near the Proposed Action Area showed that the primary fall
migration route of bowhead whales was offshore of barrier islands (BPXA, 1998), outside the
Proposed Action Area. No bowheads were seen in the Proposed Action Area; however, a few
bowheads were observed in lagoon entrances between the barrier islands and in the lagoons
immediately inside the barrier islands.

During the 2014 open-water season, BPXA conducted a 2D HR shallow geohazard survey followed
by seabed sonar mapping surveys in the Proposed Action Area. In association with this operation,
marine mammal monitoring surveys were conducted. The surveys began on July 16 and were
completed by August 30, 2014. During that time, no bowheads were seen in the Proposed Action
Area (Smultea et al., 2014). However, bowhead whales were observed during the 2014 ASAMM
surveys near the Proposed Action Area seaward of barrier islands on four days during the BPXA
surveys: July 20, and August 2, 6, and 17 (Smultea et al., 2014).

BPXA also conducted a marine mammal monitoring survey during their 3D ocean bottom sensor
seismic operations in the North Prudhoe Bay area during the 2014 open-water season (July to mid-
September). The survey location was in the U.S. Beaufort Sea approximately 30 miles west of the
Proposed Action Area. No bowheads were seen during the survey (Lomac-MacNair et al., 2015).
However, bowheads were observed during the 2014 ASAMM surveys in the region further from the
BPXA survey area (Clarke et al., 2015a).

In 2015, HAK conducted a marine mammal monitoring survey during their shallow geohazard and
strudel scour survey operations in the Proposed Action Area during the open-water season.
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Observations for marine mammals were conducted from July 9 through July 19, 2015. No
observations of bowhead whales were made in Foggy Island Bay during the survey (Cate et al.,
2015).

From 1979 to 2015 aerial surveys for marine mammals have occurred annually in the summer and fall
in the western Beaufort Sea and are currently known as the ASAMM project, funded by BOEM and
conducted by NOAA. ASAMM surveys found most bowhead whales occur offshore, although some
animals have been observed in nearshore areas in the past few years (Clarke et al., 2013; 2014;
2015a). However, few were observed near the Proposed Action Area during ASAMM surveys since
they began (Figure 3-22).
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Figure 3-22 ASAMM Bowhead Sightings, U.S. Arctic, July through August, 1979-2014

During the ASAMM 2014 surveys, bowhead whales were seen every month flown (July through
October) in the western Beaufort Sea (Clarke et al., 2015a). They were seen in two areas in late July:
on the outer continental shelf and slope (167- to 6,562-foot depth) primarily north of Camden Bay,
and nearshore east of Point Barrow (Figure 3-23). In August, bowhead whales were observed across
the western Beaufort Sea in both outer and inner shelf waters (Figure 3-24). Distribution in
September was primarily on the inner shelf (less than 165-foot depth) from approximately 140°W to
157°W, with hundreds of whales observed within 3.1 miles of barrier islands between 146°W and
148.5°W (Figure 3-24). Bowhead whales were seen in very shallow (less than 165-foot depth)
nearshore waters of the Alaskan Beaufort Sea between 143°W and 156°W in August and September,
including areas in Camden Bay, between Flaxman Island and Oliktok Point, Alaska; in Harrison Bay,
Alaska; and between Cape Halkett and Point Barrow (Figure 3-24). In September there was an area of
high relative abundance just outside the barrier islands from northeast of Deadhorse to Flaxman
Island (Figure 3-24). Bowhead whales were not seen inside barrier islands (Clarke et al., 20153;
Figure 3-24). Bowhead whales in October were observed primarily from 146°W to 157°W; a few
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whales were seen east of 146°W and several were seen in Barrow Canyon (Figure 3-24). The closest
bowheads came to the Proposed Action Area in 2014 was in the fall, north of Foggy Island Bay
outside of the barrier islands (Figure 3-23).
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Figure 3-23 ASAMM Bowhead Sightings, U.S. Arctic, September through October 1979-2014

A study to look at core-use areas used by the Western Arctic bowheads between 2006 and 2012 using
tagged whales identified six core-use areas but did not identify one within or near the Proposed
Action Area (Citta et al., 2015). The nearest core-use area was Point Barrow (Citta et al., 2015).

Kuletz et al. (2015) examined seasonal spatial patterns in seabird and marine mammal distribution in
the eastern Chukchi and western Beaufort seas to identify biologically important pelagic areas. To
identify marine mammal hotspots, data from the ASAMM surveys from mid-June through late
October of 2007 through 2012 were used. They found that the locations of hotspots varied among
species but often were located near underwater canyons or over continental shelf features and slopes.
Shared hotspots were characterized by strong fronts caused by upwelling and currents, which may
have high densities of euphausiids in summer and fall. Bowhead whales were distributed throughout
the northeastern Chukchi and western Beaufort seas in both summer and fall but hotspots occurred
near Barrow Canyon and along the Beaufort Sea shelf and slope. Relative abundance for bowhead
whales was lower and hotspots were distributed farther from shore in summer than in fall. In both
seasons, all hotspots were located in the western Beaufort Sea. In summer, hotspots occurred near the
mouth of Barrow Canyon, over the outer shelf between Oliktok Point and Prudhoe Bay, and between
the 164- and 656-foot isobaths near Demarcation Point. There was one hotspot near shore in Camden
Bay, resulting from two sightings of one animal each. In fall, hotspots were grouped over the
continental shelf from the mouth of Barrow Canyon to Cape Halkett, north of Oliktok Point, off Point
Thomson, and near Demarcation Point. No hotspots were identified in the Proposed Action Area; the
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closest was over the outer shelf between Oliktok Point and Prudhoe Bay in the summer and off Point
Thomson in the fall.
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Figure 3-24 Bowhead Whales Seen Near Liberty during ASAMM Surveys 1979-2014

Clarke et al. (2015b) evaluated BIAs for bowheads in the U.S. Arctic region and identified nine. The
spring (April through May) migratory corridor BIA for bowheads is far offshore of the Proposed
Action Area, while the fall (September through October) migratory corridor BIA (western Beaufort
on and north of the shelf) for bowheads is further inshore and closer to the Proposed Action Area but
is not within it. Clarke et al. (2015b) also identified four BIAs for bowheads that are important for
reproduction and encompassed areas where the majority of bowhead whales identified as calves were
observed each season; none of these reproductive BIAs were within the Proposed Action Area and
only two BIAs came close. Finally, three bowhead feeding BIAs were identified. Only the
September-October feeding BIA (bowheads feeding on the western Beaufort continental shelf, out to
approximately the 164-foot isobaths) came close to the Proposed Action Area but did not overlap.

For observations of bowhead whales by Ifiupiat whalers near the Proposed Action Area please see
Section 3.3.3.

Bowhead whale occurrence in the Proposed Action Area is considered very limited given the barrier
islands that separate the Proposed Action from the offshore Beaufort Sea. In addition, the shallow
water depths between the barrier islands and the shoreline, especially around the Proposed Action
Area, would likely preclude bowhead feeding. From the collective information, few bowhead whales
would be expected to be found within the Proposed Action Area.
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Figure 3-25 Bowhead Whales Seen in the U.S Arctic during 2014 ASAMM Surveys (plotted by month)

Life History

Bowhead whales are large baleen whales distinguished by a dark body, white chin, and lack of a
dorsal fin. Most mating occurs in late winter and spring in the Bering Sea, although some mating
occurs as late as September and early October (Koski et al., 1993; Reese et al., 2001). The conception
date and length of gestation (13 to 14 months) suggests that calving is likely to occur in mid-May to
mid-June, when whales are between the Bering Strait and Point Barrow (BOEM, 2011). The calving
interval is about 3 to 4 years. Juvenile growth is relatively slow. Bowheads reach sexual maturity at
about 15 years of age (39 to 46 feet long) (Nerini et al., 1984). Growth for both sexes slows markedly
at about 40 to 50 years of age (George et al., 1999). The lifespan of bowhead whales is thought to
exceed 100 years (George et al., 1999; George and Bockstoce, 2008). Given the life history of
bowhead whales and gestational constraints on minimum calving intervals (e.g., Reese et al., 2001),
and assuming that adult survival rates based on aerial photo-ID data (Zeh et al., 2002; Schweder et al.,
2009) and age-at-maturity have remained stable, the trend in abundance implies that the population
has been experiencing relatively high annual calf and juvenile survival rates. This is consistent with
documented observations of native whalers around St. Lawrence Island, who have reported not only
catching more pregnant females but also seeing more young whales than during earlier decades
(Noongwook, Huntington, and George, 2007). Although the sample size of harvested mature females
was small for 2014, the pregnancy rate was consistent with the long-term average of about 33 percent
(George et al., 2004; George et al., 2011; Suydam et al., 2015).

Bowhead diving behavior is situational (Stewart, 2002). Calves dive for very short periods and their
mothers tend to dive less frequently and for shorter durations. Feeding dives tend to last from 3 to 12
minutes and may extend to the relatively shallow bottom in the Beaufort Sea. “Sounding” dives
average between 7 and 14 minutes.
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The bowhead whale usually travels alone or in groups of 3 to 4 individuals. However, in 2009,
researchers observed 297 individual bowheads aggregated near Point Barrow and a group of 180 were
also seen feeding and milling (Clarke et al., 2011Db).

The large whales such as bowheads generally produce low-frequency sounds in the tens of Hz to the
several kHz band, with a few signals extending above 10 kHz (Southall et al., 2007). Bowhead
whales are among the more vocal of the baleen whales (Clark and Johnson, 1984). These sounds
appear to serve predominantly social functions (Wirsig and Clark, 1993), including reproduction and
maintaining contact with offspring (Wdrsig et al., 1989), but they may also play some role in spatial
orientation (Southall et al., 2007). Bowhead whales in western Greenland waters produced songs of
an average source level of 185 +2 dBrwms at 3 feet centered at a frequency of 444 +48 Hz (Roulin et
al., 2012). Given background noise, this allows bowhead whales an active space of 25 to 130 miles
(Roulin et al., 2012).

Most bowhead sounds are distinctly different from sounds produced by other marine mammals
endemic to the sub-Arctic and Arctic habitats. As a result, monitoring for the occurrence of bowhead
sounds is a very effective mechanism for detecting their presence throughout the year (Clark et al.,
2015). Bowheads mainly communicate with low frequency sounds. Most underwater calls are at a
fairly low frequency and easily audible to the human ear. Vocalization is made up of moans of
varying pitch, intensity, and duration, and occasionally higher-frequency screeches. Bowhead calls
have been distinguished by Wiirsig and Clark (1993): pulsed tonal calls, pulsive calls, high frequency
calls, low-frequency, and frequency modulated (FM) calls (upsweeps, inflected, downsweeps, and
constant frequency calls). However, no direct link between specific bowhead activities and call types
was found. Bowhead whales have been noted to produce a series of repeating units of sounds up to
5,000 Hz that are classified as songs, produced primarily by males on the breeding grounds (Delarue,
2011). It appears that bowhead whale singing behavior differs from that of other mysticetes in that
multiple songs are sung each year (Johnson et al., 2014).

Bowhead whales have well-developed capabilities for navigation and survival in sea ice. Bowhead
whales are thought to use the reverberations of their calls off the undersides of ice floes to help them
orient and navigate (Ellison, Clark, and Bishop, 1987; George et al., 1989). This species is well
adapted to ice-covered waters and can easily move through extensive areas of nearly solid sea ice
cover (Citta et al., 2012). Their skull morphology allows them to break through ice up to 7 inches
thick to breathe in ice covered waters (George et al., 1989).

Bowhead whales are grouped among low frequency functional hearing baleen whales (Finneran and
Jenkins, 2012, Ciminello et al., 2012; Southall et al., 2007; NMFS, 2016b). Inferring from their
vocalizations, bowhead whales should be most sensitive to frequencies between 20 Hz to 5 kHz, with
maximum sensitivity between 100 and 500 Hz (Erbe, 2002). Bowhead whale songs have a bandwidth
of 20 to 5,000 Hz with the dominant frequency at approximately 500 Hz and duration lasting from 1
minute to hours. Pulsive vocalizations range between 25 and 3,500 Hz and last 0.3 to 7.2 seconds
(Clark and Johnson, 1984; Wursig and Clark, 1993; Erbe, 2002). While there is no direct data on
hearing in low-frequency cetaceans, the functional hearing range is anticipated to be between 7 Hz to
35 kHz (Watkins, 1986; Au et al., 2006; Southall et al., 2007; Ciminello et al., 2012; Finneran and
Jenkins, 2012; NMFS, 2016b).

Bowhead whales appear to have good lateral vision. Recognizing this, whalers approach bowheads
from the front or from behind, rather than from the side (Rexford, 1997; Noongwook et al., 2007). In
addition, whalers wear white parkas on the ice so that they are not visible to the whales when they
surface (Rexford, 1997).

Olfaction may also be important to bowhead whales. Recent research on the olfactory bulb and
olfactory receptor genes suggest bowheads not only have a sense of smell, but that it is better
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developed than in humans (Thewissen et al., 2011). The authors suggest that bowheads may use their
sense of smell to find dense aggregations of krill upon which to prey.

Diet and Feeding

Bowheads are filter feeders, filtering prey from the water through baleen (Lowry, 1993). They feed
throughout the water column, including bottom feeding as well as surface skim feeding (Wirsig et al.,
1989). Skim feeding can occur when animals are alone or may occur in coordinated echelons of over
a dozen animals (Wirsig et al., 1989). Bowhead whales typically spend a high proportion of time on
or near the ocean floor. Even when traveling, bowhead whales visit the bottom on a regular basis
(Quakenbush et al., 2010). Laidre, Heide-Jorgensen, and Nielsen (2007) and others have identified
krill concentrated near the sea bottom and bowhead whales have been observed with mud on heads
and bodies and streaming from mouths (Mocklin, 2009).

The most common prey species found in the stomachs of harvested bowheads are small shrimp-like
crustaceans such as euphausiids, copepods, mysids, and amphipods (Moore, Stafford, and Munger,
2010; Lowry, Sheffield, and, George, 2004). Euphausiids and copepods are thought to be their
primary prey since other crustaceans (isopods [a group of crustaceans that includes woodlice, sea
slaters and their relatives] and decapods [a group of crustaceans that includes crayfish, crabs, lobsters,
prawns and shrimp]), and fish constitute minor fractions of their stomach contents. Carbon-isotope
analysis of bowhead baleen indicates a significant amount of feeding occurs in wintering areas
(Schell, Saupe, and Haubenstock, 1987). The stomach contents of one bowhead harvested in the
northern Bering Sea indicated that the whale had fed entirely on benthic organisms, predominantly
gammarid amphipods and cumaceans (not copepods, euphausiids, or other planktonic organisms)
(Hazard and Lowry, 1984).

Concentrations of zooplankton appear necessary for bowhead whales and other baleen whales to feed
efficiently to meet energy requirements (Kenney et al., 1986; Lowry, 1993). It is estimated that a 60-
ton bowhead whale eats 1.5 tons of krill each day. Estimated rate of consumption is 50,000 individual
copepods, each weighing about 0.004 g, per minute of feeding time (BOEM, 2011). George et al.
(2015a) found that there has been an overall increase in Western Arctic bowhead whale body
condition over the last 25 years. The significant long-term increase in body condition is correlated
with reductions in sea ice and other environmental factors, which may be associated with higher
production in the Pacific Arctic marine ecosystem favoring increases in water column invertebrates
(George et al., 2015a). The abundance of Western Arctic bowheads has also increased markedly over
the last 25 years suggesting bowheads may be one of the ‘winners’, at least short-term, in climate
change processes because of their feeding habits.

Western Arctic bowhead whales feed in the Chukchi and Beaufort seas but this varies in degree
among Yyears, individuals, and areas (see Clark et al 2011a, b, 2012, 2013, 2014, and 2015). It is likely
that bowheads feed opportunistically where oceanographic conditions produce locally abundant food
(Carroll et al., 1987). Based on decades of ASAMM survey data, other aerial surveys, ice-based
observations, passive acoustic monitoring, and satellite telemetry, Clarke et al. (2015b) identified
three bowhead feeding BIAs in the U.S. Arctic region: 1) Barrow Canyon in May; 2) Smith Bay to
Point Barrow, generally shoreward of the 66-foot isobaths, from August to October; and 3) the
western Beaufort continental shelf, out to approximately the 164-foot isobaths, in September to
October.

None of the bowhead feeding BIAs are in the Proposed Action Area. Historically, the nearest feeding
areas of particular consequence are in the vicinity of Barrow Canyon (Sheldon and Mocklin, 2013)
and a small feeding area slightly north of Bodfish Island (Clarke et al., 2012, 2013). However, in the
last several years there has been a change in areas used by bowheads for feeding (Clarke et al.,
2015a). In 2014, bowhead whales were observed feeding and milling during summer months in the
western Beaufort Sea primarily at water depths less than 164 feet, although some feeding whales were
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recorded in deeper water (328 to 1,640 feet) (Clarke et al., 2015a). Some of these shallow areas,
including in Camden Bay and nearshore between Prudhoe Bay and Flaxman Island, are not areas
where feeding bowhead whales have commonly been seen in past years (Clarke et al., 2015a). Most
(82 percent) of the feeding whales in these areas were within the 66-foot isobath; 52 percent were at
less than the 33-foot depth (Clarke et al., 2015a). This shift may have occurred because of changes in
food availability for the whales associated with changes in wind patterns and oceanic upwelling (Citta
et al., 2015; Clarke et al., 2015a). This trend toward shallow, nearshore feeding by bowhead whales
may, at some point in the future, overlap with the Proposed Action Area.

Mortality

From 1964 through the early 1990s, at least 36 unexplained deaths of bowhead whales were reported
in Alaska, Norway, Yukon, and Northwest Territories (Philo et al., 1993). Bowhead whales have no
known natural enemy other than killer whales. The frequency of attacks by killer whales upon the
Western Arctic stock of bowhead whales is assumed to be low but may be increasing (George et al.,
1994; George et al, 2015b). Of 195 whales examined from the Alaskan subsistence harvest from 1976
to 1992, only 8 (4.1 percent) had been wounded by killer whales. Also, hunters on St. Lawrence
Island found 2 small bowhead whales (less than 30 feet) dead as a result of killer whale attacks
(George et al., 1994). A more recent study of bowhead found that of 378 bowheads harvested by
Alaska Native Peoples between 1990 and 2012, 30 whales (7.9 percent) had scarring “rake marks”
consistent with killer whale injuries and another 10 had possible injuries. Plus, in 2013 a stranded
bowhead was confirmed killed by an orca 30 miles south of Point Barrow and another stranded
bowhead was suspected Killed by an orca in the fall of 2015 (North Slope Borough, 2015). Most
bowheads over 56 feet show evidence of killer whale predation attempts, particularly in the decade
since 2002. Only 1 to 2 percent of small bowheads showed such injuries probably because most
young animals have less ‘exposure’ time to killer whales compared to adults plus calves that are
attacked are more likely to be Killed.

George et al. (2015b) found killer whale attacks on bowheads in Alaska were statistically more
frequent from 2002 to 2012. This increase is also consistent with findings on Eastern Canada-Western
Greenland bowheads by Reinhart et al. (2013) indicating a dramatic increase in rake marks on
bowhead from 1986 to 2012 where 10.2 percent of bowhead whales bore rake marks from killer
whales. Reasons for this increase might include better reporting and/or sampling bias, increase in
killer whale population size, an increase in occurrence of killer whales at high latitudes (Clarke et al.,
2013), and a longer open-water period offering more opportunities to attack bowheads (George et al.,
2015b).

Bowhead whales have been targeted by subsistence whaling for at least 2,000 years (Stoker and
Krupnik, 1993). Subsistence harvest is regulated by quotas set by the IWC and allocated by the
Alaska Eskimo Whaling Commission (AEWC). Bowhead whales are harvested by Alaska Native
Peoples in the Beaufort, Bering, and Chukchi seas. Alaska Native subsistence hunters take
approximately 0.1 to 0.5 percent of the population per annum, primarily from 11 Alaska communities
(Philo, Shotts, and George, 1993; Suydam et al., 2011).

Inuit peoples in Canada and Russia are also known to take whales from this stock. Hunters from the
western Canadian Arctic community of Aklavik harvested one whale in 1991 and one in 1996.
Twelve whales were harvested by Russian subsistence hunters between 1999 and 2005 (Allen et al.,
2014). No catches for Western Arctic bowheads were reported by either Canadian or Russian hunters
for 2006 to 2007 or by Russia in 2009, but two bowheads were taken in Russia in 2008, and in 2010
(IWC, 2012; Allen et al., 2014). In 2014, 38 bowheads were landed by Alaska Native Peoples, which
is similar to the average (41.6) for the previous 10 years (2004 to 2013) (Suydam et al., 2015).

Some additional mortality may be due to human-induced injuries, including embedded shrapnel and
harpoon heads from hunting attempts, rope and net entanglement in harpoon lines, and entanglement
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in commercial fishing gear (Philo, Shotts, and George, 1993; George et al., 2015). Several cases of
rope or net entanglement have been reported from whales taken in the subsistence hunt (Philo, Shotts,
and George, 1993). There are no observer program records of bowhead whale mortality incidental to
commercial fisheries in Alaska. However, some bowhead whales have historically had interactions
with crab pot gear. From 1993 to 2012, there have been at least 14 reports of bowheads actively
entangled with man-made line and/or commercial fishing gear attached; 7 were stranded dead, 4 were
seen swimming, and 3 were harvested for subsistence (George et al., 2015b; Sheffield et al., 2016). At
least 4 of these entanglement events were confirmed as commercial pot gear. NMFS Alaska Region
stranding reports also document 3 bowhead whale entanglements between 2001 and 2005. In 2003, a
bowhead whale was found dead in Bristol Bay entangled in line around the peduncle and both
flippers; the origin of the line remains unknown. In 2004, a bowhead whale near Point Barrow was
observed with fishing net and line around the head. A dead bowhead whale found floating in
Kotzebue Sound in July 2010 was entangled in crab pot gear similar to that used in the Bering Sea
crab fishery (Allen and Angliss, 2015). During the 2011 spring aerial survey of bowhead near Point
Barrow, 1 entangled bowhead was photographed (Mocklin et al., 2012).

George et al. (2015b) found 12 percent of bowheads harvested between 1990 and 2012 showed
entanglement scars from fishing gear. The frequency of entanglement scars was highly correlated
with body length—about 50 percent of large bowheads (more than 56 feet) exhibit gear scars while
whales less than 30 feet rarely showed such scars. In the George et al., (2015b) study, male bowhead
whales had significantly higher rates of line entanglement scars than females. That higher
entanglement scar rate may be due to their observed greater longevity and therefore prolonged
exposure to entanglement risk. It is thought most of these entanglement scars are from fishing/crab
gear, probably from the Bering Sea.

Bowhead whales are among the slowest moving of whales, which may make them particularly
susceptible to ship strikes, although records of strikes on bowhead whales are rare (Laist et al., 2001;
George et al., 2015b). About 2 percent of the bowhead whales taken by Alaskan Natives bore scars
from ship strikes (George et al., 2015b). Few whales showing scars from ship strikes may be due to
relatively low levels of commercial ship traffic in the Pacific Arctic, and/or these types of injuries
may result in higher mortality. Until recently, few large ships have passed through most of the
bowhead whale’s range, but this situation may be changing as northern sea routes become more
navigable with the decline in sea ice. This increase in vessel presence could result in an increased
number of vessel collisions with bowhead whales.

Climate Change

Climate change is a major concern for bowhead whales, as it is for other Arctic marine mammals.
Climate projections show a pronounced warming over the Arctic, with accelerated sea ice losses as
described in Section 3.1.6 with some of the greatest changes occurring in the Beaufort Sea. Laidre et
al. (2008) concluded bowhead whales are moderately sensitive to climate, while George et al. (2006)
found bowhead body condition was better in years having light sea ice cover. Collectively this
information, along with the growing bowhead population, and good calf production, suggests a
resilience or possible affinity to longer open water seasons with less sea ice.

If ocean acidification and sea ice losses shift the Beaufort Sea to more of a pelagic system, there may
be an increase in fishes or other prey species in the water column where bowheads mostly feed. Such
conditions could favor bowhead feeding, and overall health; however, longer periods of time with less
sea ice might eventually open the Beaufort Sea to incursions by killer whales which could prey on
bowheads. Considering the numbers of killer whales observed in the Chukchi Sea to date, most likely
the killer whale predation would not have a profound numerical impact on bowhead whales as long as
the population size of the stock remains high.
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Another potential benefit of decreasing sea ice cover in the Beaufort Sea could include emigration of
individual whales from the bowhead population in the Beaufort Sea to populations in the Atlantic,
which are much smaller. Such events could add needed genetic diversity to other bowhead whale
stocks without risk to the Western Arctic stock of bowhead whales.

The spread of disease and parasites has also been suggested as a potential threat to Arctic marine
mammals by such emigration/immigration events, abetted by sea ice losses, but only in a general
context. The true potential for the spread of pathogens between different stocks of bowhead whales
remains speculative.

3.2.4.2.3 Gray Whale

Population and Status

There are currently two formally recognized North Pacific populations of gray whales: the Western
Pacific subpopulation (also known as the Western North Pacific [WNP] or the Korean-Okhotsk
population) that is critically endangered according to the IUCN Red Book but shows signs of slow
recovery, and the Eastern Pacific population (also known as the Eastern North Pacific [ENP] or the
California-Chukchi population) which has recovered from exploitation (whaling) after more than 70
years of protection and was removed from listing under the ESA in 1994 (Swartz , Taylor, and Rugh,
2006). Gray whales from the ENP are the only ones that may be seen in the Proposed Action Area
(Carretta et al., 2015).

Recent abundance estimates for the ENP gray whale population have ranged between 17,000 and
20,000 (Swartz, Taylor, and Rugh, 2006; Rugh et al., 2008; Punt and Wade, 2012). For stock
assessment purposes, NMFS currently uses a minimum population estimate of 20,990 animals
(Carretta et al., 2017). Between 1999 and 2000, an unusually large number of gray whales stranded
along the coast from Mexico to Alaska (Gulland et al., 2005), and many scientists thought the
population had reached carrying capacity. In spite of this, the ENP population appears to be generally
increasing, and Carretta et al. (2014) reported that the ENP gray whale population has now recovered
to levels seen prior to the Unusual Mortality Event (UME) of 1999 to 2000.

Distribution

Most of the ENP stock of gray whales spends its summer feeding in the northwestern Bering Sea, and
in the Chukchi Sea (Rice and Wolman, 1971; Berzin, 1984; Nerini, 1984), migrating to winter and
calve in the waters of Baja California. Gray whales prefer areas with little or no ice cover and spend
most of their time in water less than 200 feet deep (Moore and DeMaster, 1997).

The ENP stock migrates along the U.S. west coast on both their northward and southward migration.
This species makes the longest annual migration of any mammal; 9,321 to 12,427 miles roundtrip
(Jefferson, Webber, and Pitman, 2008; Jones and Swartz, 2009). The migration connects summer
Arctic and north Pacific feeding grounds with winter mating and calving regions in temperate and
subtropical coastal waters. Winter grounds extend from central California south along Baja
California, the Gulf of California, and the mainland coast of Mexico.

Gray whale migration along the U.S. west coast can be loosely categorized into three phases (Rugh,
Shelden, and Schulman-Janiger, 2001; 2008). Beginning in the fall, whales start the southward
migration from summer feeding areas to winter calving areas. The southbound phase includes all age
classes as they migrate primarily to the nearshore waters and lagoons of Baja, Mexico, mainly
following the coast, and occurs from October through March. The southbound trip averages two
months in length. The northward migration to the feeding grounds occurs in two phases. The first
phase consists mainly of adults and juveniles that lead the beginning of the northbound migration
from late January through July, peaking in April through July. Newly pregnant females go first to
maximize feeding time, followed by adult females and males, then juveniles (Jones and Swartz,
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2009). The second phase consists primarily of cow-calf pairs which begin their northward migration
later (February to July) remaining on the breeding grounds longer to allow calves to strengthen and

rapidly increase in size before the northward migration (Jones and Swartz, 2009; Herzing and Mate,
1984).
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Figure 3-26 Gray Whales Seen in the U.S. Arctic during ASAMM Surveys 1979-2014

Gray whales are generalist feeders mostly foraging on benthic prey in shallow continental shelf
waters. The narrow continental shelf in the Beaufort Sea provides suboptimal feeding habitat for large
numbers of gray whales, hence their presence in the Beaufort is very low east of Barrow Canyon;
they rarely venture past 155.8°W (Clarke et al., 2015a).

During marine mammal monitoring associated with exploration activities around the Hammerhead
and Torpedo ARCO drilling sites, Hall et al. (1994) found several gray whales north west of Camden
Bay about 13-25 miles from the coast.

During the 2014 open water season, BPXA conducted a 2D HR shallow geohazard survey followed
by seabed sonar mapping survey in the Proposed Action Area. In association with this operation,
marine mammal monitoring surveys were conducted. The surveys began on 16 July and were
completed by 30 August 2014. No grey whales were seen in the survey area (Smultea et al., 2014).

BPXA also conducted a marine mammal monitoring survey during their 3D ocean bottom sensor
seismic operations in the North Prudhoe Bay area during the 2014 open-water season (beginning July
to mid-September). The survey location was approximately 30 miles west of the Proposed Action
Area. Again, no grey whales were seen during the survey (Lomac-MacNair et al., 2015).

In 2015, HAK conducted a marine mammal monitoring survey during their shallow geohazard and
strudel scour survey operations in the Proposed Action Area during the open-water season.
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Observations for marine mammals were conducted July 9 through July 19, 2015. No observations of
gray whales were made during the survey (Cate et al., 2015).
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Figure 3-27  Gray Whales Seen near Liberty during ASAMM Surveys 1979-2014

Aerial surveys for marine mammals have occurred annually in the summer and fall in the western
Beaufort Sea from 1979-2015; these are currently known as the ASAMM project, which is funded by
BOEM and conducted by NOAA. ASAMM surveys have documented that gray whale distribution
commonly extends eastward to 155.8°W. Few whales have been sighted by ASAMM in the Beaufort
Sea (Figure 3-26). The easternmost live gray whale sighting by ASAMM occurred in 2014 (Figure
3-26 and Figure 3-27); it was observed swimming nearshore, immediately north of Cross Island
(147.9°W; over 20 miles northwest of Foggy Island Bay and the Proposed Action Area, about 300
kilometers east of their normal range (Clarke et al., 2015a). The remaining gray whale sightings in the
Beaufort Sea have occurred since 1997 and total 20 whales (Clarke et al., 2015a). Those sightings
occurred offshore in Barrow Canyon, north of Dease Inlet, at the mouth of Smith Bay, north of
Harrison Bay, and north of Gwydyr Bay. Most Beaufort gray whales were swimming, resting, diving,
or milling, although five gray whales were feeding (Clarke et al., 2015a). None were seen alive in the
Proposed Action Area although a dead gray whale was located in 1988 just to the south of Tigvariak
Island.

One gray whale was taken by hunters at Cross Island in 1933 (Maher, 1960). One gray whale was
sighted just west of Barter Island in the fall of 1997 (Marquette and Braham, 1980). Six gray whales
have been sighted in the Canadian Beaufort Sea; three in 1980 during extensive aerial surveys for
bowheads whales (Rugh and Fraker, 1981) and three in 2014 during a research cruise (Clarke et al.,
2015a). One female gray was tagged with a tracking device near Atkinson Point in September 2009;
this whale traveled west across the Beaufort Sea (Quakenbush, Small and Citta, 2013).
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Kuletz et al. (2015) examined seasonal spatial patterns in seabird and marine mammal distribution in
the eastern Chukchi and western Beaufort seas to identify biologically important pelagic areas. To
identify marine mammal hotspots, data from the ASAMM surveys from mid-June through late
October of 2007 to 2012 were used. They found that the locations of hotspots varied among species
but often were located near underwater canyons or over continental shelf features and slopes. Shared
hotspots were characterized by strong fronts caused by upwelling and currents, which may have high
densities of euphausiids in summer and fall. Gray whales were distributed throughout the northeastern
Chukchi Sea and into the western Beaufort Sea only as far east as Dease Inlet. In both summer and
fall, high relative abundance and hotspots occurred in the nearshore zone from near Wainwright to the
mouth of Barrow Canyon. In fall, additional hotspots occurred in Hope Basin. No hotspots were
identified close to or in the Proposed Action Area.

Clarke et al. (2015b) evaluated BIAs for gray whales in the U.S. Arctic region and identified two; one
for feeding and one for reproduction both in the Chukchi Sea. No BIAs were identified for gray
whales in the Beaufort Sea.

The occurrence of gray whales in the Beaufort Sea is not new and does not seem to be a range
expansion; however, because gray whales are opportunistic feeders, their distribution and density in
the Beaufort Sea may change in the future if foraging habits shift. To date, there have been no
sightings of gray whales in the Proposed Action Area. From the collective information documenting
only a handful of gray whales in the Beaufort Sea and the shallow water depths and substrate (i.e.
Boulder Patch) of the Proposed Action Area, it is unlikely gray whales would be found within the
Proposed Action Area.

Life History

Gray whales can grow to about 50 feet long, and weigh approximately 80,000 pounds. Females are
slightly larger than males. The average and maximum life span of gray whales is difficult to ascertain
although one female was estimated at 75 to 80 years old after death (Jones and Swartz, 2002). Gray
whales become sexually mature between 6 and 12 years, at an average of 8 years old. Female gray
whales usually give birth every 2 to 3 years. Females give birth to a single calf after 12 to 13 months
of gestation. Newborn calves are approximately 14 to 16 feet long, and weigh about 2,000 pounds.
Calves are weaned at about 8 months, after they have journeyed with their mothers back to the
northern feeding grounds. Calves are born dark gray and lighten as they age to brownish-gray or light

gray.
Gray whales are frequently observed traveling alone or in small, unstable groups, although large
aggregations may be seen on feeding and breeding grounds. Similar to other baleen whales, long-term
bonds between individuals are rare. Feeding gray whales are usually alone or in small groups but
normally in near proximity to relatively high numbers (10s to 100s) of foraging conspecifics. Feeding
behavior is often characterized by predictable surface-dive-respiration patterns.

The large whales, such as grays, generally produce low-frequency sounds in the tens of Hz to the
several kHz band, with a few signals extending above 10 kHz (Southall et al., 2007). These sounds
appear to serve predominantly social functions, including reproduction and maintaining contact, but
they may also play some role in spatial orientation (Southall et al., 2007) and a boxcar frequency
range of 7 Hz to 35 kHz (Finneran and Jenkins, 2012, Ciminello et al., 2012; NMFS 2016b). Gray
whales are not typically known for making a wide range of sounds, but they do make some fairly
simple vocalizations. Their calls are described as knocks, grunts, and pulses (Fish, Sumich, and
Lingle, 1974; Edds-Walton, 1997). As many as seven different kinds of sounds are produced by gray
whales, ranging from less than 100 Hz to more than 3,000 Hz. However, most of them are
concentrated between about 300 and 900 Hz (Fish, Sumich, and Lingle, 1974; Edds-Walton, 1997).
The hollow-sounding knocking sounds, most commonly recorded on summer feeding grounds, are
relatively quiet compared with some of the sounds produced by other baleen whales. Pulses may be
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repeated in series of 2 to 30 and are more common during the winter when the whales are breeding
and most vocal. Individual gray whales may be able to communicate with one another with their low
frequency calls over distances of a mile or more.

Gray whales are grouped in the low-frequency cetacean hearing group with an estimated auditory
bandwidth of between 7 Hz to 22 kHz (Southall et al., 2007) and a boxcar frequency range of 5 Hz to
30 kHz (Finneran and Jenkins, 2012, Ciminello et al., 2012). There is contrasting data on what
frequencies gray whales are most sensitive to. Gray whale hearing may be better at 3 kHz, 6 kHz, and
9 kHz than at lower frequencies (Ridgeway and Carder, 2001). However, behavioral data for free-
ranging gray whales in breeding lagoons suggests they are most sensitive to tones between 800 Hz
and 1,500 Hz (Dahlheim and Ljungblad, 1990).

The visual acuity of the gray whale is a little worse than, but comparable to, that in some other
cetaceans like minke whale and common bottlenose dolphin, and close to that in harbor porpoise
(Mass and Supin, 1997). This suggests that visual abilities of the gray whale are comparable with
those of dolphins which actively use their vision and demonstrate fine image recognition (Mass and
Supin, 1997).

Diet and Feeding

Gray whales are opportunist and generalist feeders (Dunham and Duffus, 2001; Feyrer and Duffus,
2011) that are primarily restricted to shallow continental shelf waters for bottom foraging. Their
primary prey include swarming mysids, tube-dwelling amphipods, and polychaete worms in the
Bering and Chukchi seas, but they also consume red crabs, baitfish, and other food (crab and fish
larvae, amphipods, fish eggs, cephalopods, megalops, etc.) (Reilly et al., 2008). Nelson et al. (1993)
noted that in the Chukchi Sea, within areas where gray whales were observed feeding off Wainwright,
amphipod species observed included Ampelisca macrocephala, A. estrichti, Byblis gaimardi, Atylus
bruggeni, Ischyrocerus, Protomedeia spp., Grandifoxus, and Erichthonius, with amphipods
comprising 24 percent of the biomass (Feder et al., 1989).

Gray whales tend to use recurring feeding areas in Alaska. Primary feeding areas include the eastern
Chukchi, some shoal areas, and the western Chukchi from Wrangel Island to the Bering Strait, but
they may be found throughout the Chukchi Sea in shallow waters over the continental shelf. Stoker
(1990) studied one of the gray whale high-use areas—the central Chirikov Basin between St.
Lawrence Island and the Bering Strait—and found gray whales disturb at least 6 percent of the
benthos each summer while consuming more than 10 percent of the yearly amphipod production.
Gray whale feeding areas offshore of northern Alaska are characterized by low species diversity, high
biomass, and the highest secondary production rates reported for any extensive benthic community
(Rugh et al., 1999). According to Highsmith and Coyle (1992), gray whales rely on rich benthic
amphipod populations in the Bering and Chukchi seas to renew fat resources needed to sustain them
during their winter migration to and from Baja California.

ASAMM aerial surveys conducted annually during open-water season in the Beaufort and Chukchi
seas have documented a gray whale foraging hotspot in the northeastern Chukchi Sea that typically
extends from Icy Cape to Point Barrow shoreward of Barrow Canyon on the continental shelf (Clarke
et al., 2015a). However, since gray whales are rarely seen in the Beaufort Sea, no feeding areas have
been identified there.

At this time, the narrow continental shelf in the Beaufort Sea provides suboptimal feeding habitat for
large numbers of gray whales (Clarke et al., 2015a). However, benthic-dominated ecosystems of the
Bering and Chukchi seas may become pelagic-dominated as global climate change continues and
multi-year sea ice continues to melt (Grebmeier et al., 2006). As these changes occur, gray whales,
with their flexible foraging strategy, may shift their foraging habits and habitats to continue to target
the most abundant and dense food sources as they did during the Pleistocene (Pyenson and Lindberg,
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2011). It is possible more gray whales would travel to the Beaufort Sea to take advantage of new prey
resources in the future.

Mortality

Predation by killer whales on gray whales has been recognized for some time: for example, Rice and
Wolman (1971) noted that 18 percent of gray whales examined at a California whaling station
showed evidence of being attacked by killer whales. Jefferson, Stacey, and Baird (1991) and Ford and
Reeves (2008) summarized numerous accounts of gray whales being attacked and sometimes Killed
by killer whales. Most of these attacks occurred on the northbound gray whale migration and were
concentrated in California near Monterey Bay and on the west coast of Vancouver Island. Matkin et
al. (2007) found the diet of transient killer whales in the eastern Aleutians (Alaska) in spring was
primarily gray whales as they transited north to their summer feeding grounds. During spring
northbound migration of gray whales, Barrett-Lennard et al. (2011) also documented attacks by
transient killer whales that aggregate annually as gray whales past Unimak Island, at the western end
of the Alaska Peninsula, to their summer feeding grounds in the Bering and Chukchi seas. All gray
whales migrating between the Pacific Ocean and Bering Sea pass through the Unimak Island area,
where they are vulnerable to predation by the aggregating orcas. Attacks were conducted by groups of
three to four killer whales, which attempted to drown their prey. Gray whales generally tried to move
into shallow water along the shoreline when attacked; if they succeeded in reaching depths of three
meters or less, attacks were abandoned. Kills occurred in waters from 49 to 246 feet deep or were
moved into such areas after death. After some hours of feeding, the carcasses were usually left, but
were re-visited and fed on by killer whales over several days.

Less is known about Killer whale predation on the gray whales’ primary feeding areas in the northern
Bering and Chukchi seas, although reports by Ljungblad and Moore (1983) and Melnikov and
Zagrebin (2005) indicate that it occurs in both areas. In the Bering Sea north of St. Lawrence Island,
Alaska, 16 killer whales were observed for 90 minutes as they approached and then chased gray
whales (Ljungblad and Moore, 1983). In the coastal waters of Chukota Peninsula, Russia, native
peoples recorded killer whales preying on gray whales during the open water season (Melnikov and
Zagrebin, 2005). A killer whale predatory attack on a gray whale calf was documented by the Arctic
Whale Ecology Study (ARCWEST) near Wainwright in September 2013 (Clarke et al., 2015a).

Most predatory attacks are on gray whale calves or yearlings and are quickly abandoned if calves are
aggressively defended by their mothers (Jefferson, Stacey, and Baird, 1991; Ford and Reeves, 2008;
Barrett-Lennard et al., 2011). The importance of this predation to gray whales has not been fully
evaluated, but there is increasing evidence that predation may be a significant mortality factor.
Preliminary estimates suggest predation by transient killer whales may be responsible for mortalities
amounting to 35 percent of the average annual calf production of ENP gray whales (Barrett-Lennard
et al., 2005), but there is substantial uncertainty about assumptions underpinning this estimate.
Nonetheless, as the transient killer whale population continues to expand in the Arctic due to
diminishing ice the potential for impact on gray whales is likely to increase.

Gray whales began to receive protection from commercial whaling by the League of Nations in the
1920s, by the government of Mexico, and then later by the IWC at its inception in 1946. However,
hunting of the WNP continued for many more years. After changing the status of the recovered
species to sustainable harvest, the IWC set annual quotas for gray whale harvests from the ENP for
aboriginal subsistence. Subsistence hunters in Russia and the United States have traditionally
harvested whales from the ENP stock in the Bering Sea, although only the Russian hunt has persisted
in recent years (Huelsbeck, 1988; Reeves, 2002). In 2012, the IWC approved a 6-year quota (2013-
2018) of 744 gray whales, with an annual cap of 140, for Russian and U.S. (Makah Indian Tribe in
Washington State) native peoples. The U.S and Russia have agreed that the quota will be shared with
an average annual harvest of 120 whales by the Russian Chukotka people and 4 whales by the Makah
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Indian Tribe. Total takes by the Russian hunt during the past 5 years were 130 in 2008, 116 in 2009,
118in 2010, 128 in 2011, and 143 in 2012 (Carretta et al., 2015).

Most data on human-caused mortality and serious injury of gray whales are from strandings,

including at-sea reports of entangled animals alive or dead (Carretta et al., 2015). Strandings represent
only a fraction of actual gray whale deaths (natural or human-caused), as reported by Punt and Wade
(2012), who estimated that only 3.9 percent to 13.0 percent of gray whales that die in a given year end
up stranding and being reported. From 2008 to 2012 there were 26 human-caused deaths and serious
injuries of ENP gray whales from fishery-related and marine debris (Carretta et al., 2015). Although
four of these cases were in Alaska, none were in the Arctic. This is unsurprising given the remote
locations and also that Alaska gillnet fisheries largely lack observer programs, including those in
Bristol Bay known to interact with gray whales.

Ship strikes are also a source of mortality for gray whales. Near shore industrialization and shipping
congestion throughout the migratory corridors of the ENP gray whale stock represent risks by
increasing the likelihood of exposure to pollutants and ship strikes. From 2008 to 2012 there were 13
ENP gray whale serious injuries and deaths attributed to vessel strikes, none of which were in Alaska
(Carretta et al., 2015). Additional mortality from ship strikes probably goes unreported because the
whales either do not strand or do not have obvious signs of trauma.

Climate Change

Bluhm and Gradinger (2008) examined the availability of pelagic and benthic prey in the Arctic and
concluded that pelagic prey is likely to increase while benthic prey is likely to decrease in response to
climate change. Ocean acidification could reduce the abundance of shell-forming organisms (Fabry et
al., 2008, Hall-Spencer et al., 2008), many of which are important in the gray whales’ diet (Nerini
1984). Bluhm and Gradinger (2008) also noted marine mammal species exhibiting trophic plasticity
(such as gray whales which feed on both benthic and pelagic prey) would better adapt to changing
Acrctic conditions.

Changes in sea ice cover are likely to affect gray whales, most likely through range expansion and the
possibility of gray whales recolonizing habitat of the extinct Atlantic gray whale in the Atlantic
Ocean (Meade, and Mitchell, 2012; Alter Rynes and Polumbi, 2007). The recent range expansion and
continued growth of the Eastern Pacific gray whale stock supports this hypothesis (Rugh et al., 2001),
as do separate gray whale sightings in the Mediterranean Sea in 2010 (Scheinin et al., 2011) and off
the Namibian coast in 2013 (Elwen and Gridley 2013).

The spread of disease and parasites has also been suggested as a potential threat to Arctic marine
mammals by emigration/immigration events between different marine mammal populations, abetted
by sea ice losses, but only in a general context.

3.2.4.3 Cetaceans in the Bering and Chukchi Seas

Cetaceans that may be encountered during the limited vessel traffic associated with this project from
Dutch Harbor to Foggy Island Bay are described below.

3.2.4.3.1 Blue Whale

Blue whales were listed as endangered under the ESA in 1970 (35 FR 8495, June 2, 1970). Blue
whales are listed as endangered on the IUCN Red List of Threatened Animals (IUCN, 2012). They
are also protected by the Convention on International Trade in Endangered Species (CITES) of Wild
Fauna and Flora (also known as the Washington Convention) and are listed as “depleted” under the
MMPA. Critical habitat has not been designated for blue whales.

Blue whales in the North Pacific probably exist in two sub-populations: the eastern North Pacific and
central North Pacific stocks (Muto et al., 2016). In the North Pacific Ocean, blue whales range from
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Kamchatka to southern Japan in the west and from the Gulf of Alaska and California south to Costa
Rica in the east. They occur primarily south of the Aleutian Islands and the Bering Sea. The Central
stock appears to feed in summer in the southwest of Kamchatka, south of the Aleutians, and in the
Gulf of Alaska. In winter, they migrate to lower latitudes in the western Pacific and, less frequently,
in the central Pacific, including Hawaii.

Blue whales are only present in Alaska waters during their non-breeding season and would be found
in the open waters near the Aleutian Islands and the Bering Sea. Blue whales in these waters may be
of one of two stocks, the eastern North Pacific or central North Pacific stock (Muto et al., 2016). In
the Gulf of Alaska and off the coast of British Columbia, only 15 sightings occurred from 1997 to
2009 (Calambokidis et al., 2009; cited in NMFS, 2011g). Few, unreliable, sightings occurred as far
north as the Chukchi Sea. Alaska populations of blue whales are believed to travel north in the spring
to access the higher-density zooplankton blooms and south toward Hawaii in the fall to take
advantage of warmer waters for breeding (Reeves et al., 1998; NMFS, 2006a). No blue whales are
expected in the Beaufort Sea.

Important documents for this species can be found at: http://www.fisheries.noaa.gov/pr/species/
mammals/whales/blue-whale.html. They include the recovery plan for the blue whale, published on
July 1998 (NMFS, 1998) and the SARs for the Central North Pacific blue whale (NMFS, 2014) and
the Eastern North Pacific blue whale (NMFS, 2015). NMFS is also planning to update the recovery
plan for the blue whale (77 FR 22760).

In the North Pacific, blue whales prey mainly on Euphausia pacifica and secondarily on Thysanoessa
spinifera. While other prey species, including fish and copepods, may be part of the blue whale diet,
these are not likely to contribute significantly.

The most recent estimate for blue whales inhabiting the North Pacific Basin is approximately 2,500
individuals (IWC, 2007).

3.2.4.3.2 Fin Whale

The fin whale population is estimated to have ranged from 42,000 to 45,000 before whaling began
(Ohsumi and Wada, 1974). Muto et al. (2017) provides a provisional minimum population estimate of
1,036 for the portion of the Northeast Pacific Stock of fin whales found west and north of the Kenai
Peninsula. They are presently listed as endangered under the ESA, and depleted by NMFS (Muto et
al., 2017). Though rare, fin whales are widespread throughout temperate oceans of the world and into
the Arctic Ocean.

Presently, small numbers of fin whales seasonally inhabit areas within and near the Chukchi Sea, the
extreme northern edge of their range, during summer. Based on observations and passive acoustic
detection, on direct observations from monitoring and research projects of fin whales by industry, and
the federal government, fin whales are considered consistent, but uncommon visitors to the Chukchi
Sea during summer (NMFS, 2015b). They were recorded each autumn from 2007 to 2010 using
bottom-mounted hydrophones in the Chukchi Sea (Delarue et al., 2013) and in ship surveys in the
summer and early fall of 2009, 2012, and 2013 (Aerts et al., 2014). The growing body of such
observations suggest they may be re-occupying habitat used prior to their population decimation from
commercial whaling. In the Bering Sea, fin whales may be present during summer in greater numbers
than in the Chukchi Sea (Muto et al., 2017; Moore et al., 2002; Zerbini et al., 2006).

Although there may be some degree of specialization, most individuals probably prey on both
invertebrates (including crustaceans and squid) and fish, depending on availability (Watkins et al.,
1984; Edds and Macfarlane, 1987). There appears to be variation in the predominant prey of fin
whales in different geographical areas depending on local abundance of prey species (NMFS, 2010).
Perry, DeMaster and Silber (1999a: p. 49) reported fin whales “depend to a large extent on the small
euphausiids and other zooplankton™ and fish. Fin whales aggregate where prey densities are high
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(Piatt and Methven, 1992; Moore, Stafford, and Dahlheim, 1998) chiefly in areas with high
phytoplankton production and along ocean fronts (Moore, Stafford, and Dahlheim, 1998).

3.2.4.3.3 Humpback Whale (Western North Pacific Stock)

The humpback whale ESA listing final rule (81 FR 62259, 8 September 2016) established 14 Distinct
Population Segments (DPSs) with different listing statuses, and among the ESA-listed stocks was the
Western North Pacific Stock. Other humpback whale stocks, such as the Central North Pacific Stock
and the Mexican Stock, use summer habitat that partially overlaps with summer habitat used by the
Western North Pacific Stock, and since NMFS cannot presently manage one portion of an MMPA
stock as ESA-listed and another portion of a stock as not ESA-listed, they consider the Western North
Pacific Stock to be endangered and depleted for MMPA management purposes (Muto et al., 2017).

Individuals from the Western North Pacific Stock, where the minimum population estimate is 865
individuals, could occur in the Bering Sea and possibly in parts of the Chukchi and Beaufort seas
(Muto et al., 2017).

Although once considered extralimital in the area, small numbers of humpback whales seasonally
inhabit areas within and near the Chukchi Sea, the extreme northern edge of their range, during the
open water period. A few have been observed in the northeastern Chukchi Sea during monitoring for
seismic surveys (Funk et al., 2011, Bisson et al., 2013a), during aerial surveys in the Chukchi Sea
(Clark et al. 2011a and b, Clarke et al. 2015, Clarke et al. 2017), and during shipboard surveys (Aerts
etal., 2011; Aerts et al., 2014). When seen, they usually occur in extremely low numbers.

Humpback whales are general feeders compared to some other baleen whales that may be more
selective in their prey. In the Northern Hemisphere, prey includes euphausiids (krill), copepods,
juvenile salmonids (Oncorhynchus spp.), Arctic cod (Boreogadus saida), walleye pollock (Theragra
chalcogramma), pollock (Pollachius virens), pteropods, and cephalopods (Johnson and Wolman,
1984; Perry, DeMaster, and Silber, 1999b).

3.2.4.3.4 Sperm Whale

Sperm whales (Physeter microcephalus) are large odontocete whales that occur in the north Pacific
Ocean and into parts of the Bering Sea. They were targeted by illegal Soviet whaling in the latter half
of the 20" century (Ivashchenko et al., 2013, 2014) and by the Japanese into the late 1960s
(Ivashchenko and Clapham, 2015). Though a reliable abundance estimate for the North Pacific stock
is not available, an analysis by Kato and Miyashita (1998) suggested that approximately 102 sperm
whales persisted in the western portion of the north Pacific Ocean. They are listed as endangered
under the ESA of 1973, and therefore designated as depleted under the MMPA (Muto et al., 2017).

In the North Pacific Ocean, sperm whales are distributed widely, with the northernmost boundary
extending from Cape Navarin (62°N) to the Pribilof Islands (Omura, 1955). During summer males are
mostly found in the Gulf of Alaska, Bering Sea, and waters around the Aleutian Islands (Kasuya and
Miyashita, 1988, Mizroch and Rice, 2013, lvashchenko et al., 2014).

Acoustic surveys detected the presence of sperm whales year-round in the Gulf of Alaska, although
they appear to be more common in summer than in winter (Mellinger et al., 2004a). These seasonal
detections are consistent with the hypothesis that they move to higher latitudes in summer and to
lower latitudes in winter (Whitehead and Arnbom, 1987). Sighting surveys conducted by the Alaska
Fisheries Science Center’s Marine Mammal Laboratory (MML) from 2001 to 2010 found sperm
whales were the most frequently sighted large cetacean in the coastal waters around the central and
western Aleutian Islands during the summer (MML, unpubl. data), and acoustic surveys detected
them year-round in the Gulf of Alaska, but most often in summer (Mellinger et al., 2004a). Likewise,
marking data show extensive movements throughout the North Pacific and along the U.S. west coast
into the Gulf of Alaska and Bering Sea/Aleutian Islands region (Muto et al., 2017). Collectively, these
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data indicate sperm whales could occur in ice-free areas of the Bering Sea, especially during summer.
A variety of study results analyzed by NMFS (Muto et al., 2017) concluded at least a portion detected
by surveys likely traveled great distances to reach summer feeding areas in the North Pacific Ocean
and the Bering Sea.

3.2.4.35 Minke Whale

Minke whales could occur in the Bering Sea and Chukchi seas (Muto et al. 2017). Provisional
population estimates of up to 2,020 individuals were calculated for the Bering Sea shelf.

Minke whales are believed to be migratory summer residents of the Chukchi and Bering seas, and
move south of the Bering Sea to overwinter. A few have been observed in the northeastern Chukchi
Sea during monitoring for oil and gas activities (Funk et al., 2011, Bisson et al., 2013a), during aerial
surveys in the Chukchi Sea (Clark et al. 2011a and b, Clarke et al. 2015, Clarke et al. 2017), and
during shipboard surveys (Aerts et al., 2011; Aerts et al., 2014). Occasional sightings in the Chukchi
Sea suggest their presence is less common in the Chukchi than in the Bering Sea. They are believed to
be much more common in the Pacific, Indian, and Atlantic oceans.

Minke whales are filter feeders who use lunge-feeding strategies to capture and eat euphuasiids,
copepods, sand-lance, and larger schooling fishes such as herring, pollock, and salmon (Guerrero and
Peluso, 2018).

3.2.4.3.6 North Pacific Right Whale

North Pacific right whales are considered the rarest of all large whale species and among the rarest of
all marine mammal species. They were listed as endangered under the precursor to the ESA in 1970
(35 FR 18319, 1970) as the “northern right whale. The northern right whale was listed as two separate
endangered species by NMFS in 2006 (71 FR 38277, 2006) — the North Pacific right whale and the
North Atlantic right whale. As these were considered new listings, NMFS designated critical habitat
(73 FR 19000, 2008) for the species, as required by the ESA. Because the North Pacific right whale is
listed as endangered under the ESA it is, by default, considered depleted under the MMPA. There are
two stocks of the North Pacific right whale, western and eastern.

Records of sightings, captures, and strandings show that the North Pacific right whale historically
ranged throughout the northern Pacific Ocean, north of latitude 35°N, with important concentrations
in the Gulf of Alaska (GOA), eastern Aleutian Islands, southcentral Bering Sea, Okhotsk Sea, and
coastal Japan (Braham and Rice, 1984; Clapham et al., 2004; Shelden et al., 2005). The eastern
population of North Pacific right whales used major feeding grounds that covered virtually the entire
GOA, waters adjacent to the Aleutian Islands, and much of the Bering Sea south of 60°N (Clapham et
al., 2004, Scarff, 1986; Shelden et al., 2005).

North Pacific right whales have been observed since 1969 in the summer ranging from the subarctic
Bering Sea and Sea of Okhotsk in the north to Hawaii and Baja California in the south (Allen and
Angliss, 2011). Sightings that occurred as far south as Hawaii and Mexico are probably extralimital
(Brownell et al., 2001). While the current range of North Pacific right whales is likely considerably
smaller than their historical range, there have not been sufficient survey efforts throughout their
historical range to determine which, if any, areas have been abandoned or not yet rediscovered
(Clapham et al., 2004). Acoustic surveys and additional sightings confirm North Pacific right whales
in the southeastern Bering Sea from May into December, and in the Gulf of Alaska in August and
September (Munger et al. 2003, cited in Clapham et al., 2006; Waite et al., 2003; Mellinger et al.,
2004b, cited in Wade et al., 2011). These whales are drawn to areas where prey populations
congregate and seem to prefer the middle to outer portion of the continental shelf in water depths
between 164 and 262 feet but are also known to be present in deeper waters ranging from 820 to
5,577 feet (Allen and Angliss, 2011).
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Right whales are typically found individually or traveling in small slow-moving groups. No calving
grounds have been identified for the North Pacific right whale (Scarff, 1986). The species’ migratory
patterns are also unknown, though seasonal patterns are apparent in historical data, with whales
summering in the GOA and Bering Sea (Braham and Rice, 1984; Scarff, 1986; Clapham et al., 2004;
Shelden et al., 2005). As noted by Clapham et al. (2006), there are very few winter observations of
right whales in the North Pacific.

Critical habitat was designated for the eastern North Pacific right whale in 2008 (73 FR 19000, 2008)
within the GOA and Bering Sea. The sole primary constituent element of critical habitat for this
species is aggregations of copepods (specifically Calanus marshallae, Neocalanus cristatus, and N.
plumchris) and the euphausiid Thysanoessa raschii, in areas of the North Pacific Ocean in which
eastern North Pacific right whales are known or believed to feed. Critical habitat encompasses two
areas designated based on simple geographic coordinates where eastern North Pacific right whales
have been consistently sighted in spring and summer, indicating feeding areas with suitable prey
densities. Both critical habitat areas are completely within waters of the United States and its
Exclusive Economic Zone (EEZ).

3.2.4.4 Ice Seals
3.2.4.4.1 Environmental Perceptions
Sound

Though seals have good low-frequency hearing, they lack the highly developed auditory and sound
production abilities of Odontocete cetaceans (Supin et al., 2001). Seals generally depend on vision
and tactile senses to locate and capture prey (Reidman, 1990) and avoid hazards. Underwater
audiograms for ice seals suggest that they have very little hearing sensitivity below 1 kHz; but hear
underwater sounds at frequencies up to 60 kHz; and make calls between 90 Hz and 16 kHz
(Richardson et al., 1995a). NMFS (2016b) assessed the audible noise range for phocid seals as
occurring between 50 Hz to 86 kHz. Their hearing thresholds for Temporary Threshold Shift (TTS)
and Permanent Threshold Shift (PTS) for impulse and continuous noises are reflected in Table 3-8.

Table 3-8 Impulse and Continuous Noise TTS and PTS Thresholds for Phocid Seals
Noise Type TTS PTS

Impulse Noise 212 dB Peak SPL; 170 dB SEL | 218 dB Peak SPL; 185 dB SEL
Continuous Noise 199 dB SEL ¢ym 219 dB SEL¢ym

Source: NMFS (2016b)
Physical

Beyond their acoustic abilities, seals have extremely well-developed, highly innervated facial
vibrissae with extremely sensitive active-touch receptors within their facial whisker pads. For
example, a single vibrissa of the ringed seal typically contains 10 times the number of nerve fibers in
one vibrissa of a land mammal. The vibrissa are structurally distinctive from those of land mammals
(Hyvarinen, 1987), and the facial whisker pads of bearded seals have about 1,300 nerve endings
associated with each whisker, making them among the most sensitive in the animal kingdom
(Marshall et al., 2006, as reported in Burns, 2009). The amount of innervation in the whisker pads of
other seal species, however, should vary.

Long and sensitive vibrissae help pinnipeds detect vibrations of prey in the water, permitting them to
forage in areas with very poor visibility (Stephens et at. 1973).

Pinniped vibrissae also seem to aid in navigation, such as occurred in an experiment when a spotted
seal was blindfolded and was able to consistently surface in the center of a breathing hole in the ice.
When the same blindfolded seal had its vibrissae restricted it tended to bump into ice near the

breathing hole several times before successfully finding and using the hole (Sonafrank et at. 1983).
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Montagna (1967) suggested vibrissae could also serve to gauge a seal’s swimming speed though the
veracity of this hypothesis has not yet been confirmed.

Vision

As with most marine mammals, seals can see well in air and underwater within certain limits (Supin
et al., 2001). Seals have very large orbits with eyes that are very large in relation to their body size,
and have strong visual acuity in low-light conditions because of high numbers of rod-shaped
receptors that discriminate between light levels (Riedman 1990). In the terrestrial environment, seal
eyes function best in bright sunlight when the pupil contracts, at least partially offsetting their
nearsightedness (Riedman 1990; Lavigne et al., 1977). Experiments on captive pinnipeds found that
they can see almost as well in air as in water under good to moderate lighting conditions
(Schusterman and Balliet 1971; Schusterman 1972). The seal's eye, however, remains better adapted
for underwater than for aerial vision and a seal's underwater visual acuity is thought to be comparable
to that of a cat on land, according to Schusterman (1972).

Olfaction

When underwater, pinniped seals and most other marine mammals lack a sense of smell (their nostrils
usually remain tightly closed) and a limited sense of taste. Comprehensive reviews of chemoreception
in marine mammals provided by Lowell and Flanigan (1980) and Watkins and Wartzok (1985)
support this assumption.

Seals have retained an acute sense of smell out of water since they spend a significant amount of their
life cycle out of water and retain a need to detect terrestrial threats (Riedman and Estes 1988). The
sense of smell plays an especially important role in social and reproductive events that take place on
land among the pinnipeds. Pinnipeds can detect the presence of humans hundreds of feet away by
scent, and often slip into the water if a person is upwind. Bearded and ringed seals can scent polar
bears, and the presence of polar bears is a determining factor in haul-out selection. When bearded
seals haul out onto ice, they typically orient with their noses downwind and their bodies close to the
water’s edge. Using this orientation, a seal can visually detect a polar bear approaching from the
downwind direction, and rely on their olfactory senses to scent polar bears upwind of their location
(Kingsley and Stirling 1991). At the first indication a polar bear is nearby, a seal oriented in such a
way can quietly slip into the water to safety.

Yet another example of seals using olfaction may be observed among breeding bearded seals, since
adult males often investigate a female's anogenital area to determine, presumably by chemoreception,
if she is in estrus. The frequent practice of nose-to-nose nuzzling of mothers and pups is also an
important means of mutual recognition and of conveying and receiving information via
chemoreception (see e.g. Ross, 1972).

3.2.4.5 Bearded Seal

3.2.4.5.1 Population and Status

The Beringia DPS of bearded seals (Erignathus barbatus nauticus) occurs in Alaskan waters. They
inhabit the Bering, Chukchi, and Beaufort seas and their numbers are considerably higher in the
Bering and Chukchi seas than in in the Beaufort Sea, particularly during winter and early spring. In
the 2010 status review, Cameron et al. (2010) estimated 125,000 bearded seals occur in the Bering
Sea and 27,000 in the Chukchi Sea, with an overall estimate of 155,000 bearded seals in the Beringia
DPS.

Ver Hoef et al. (2014) estimated 61,800 bearded seals occurred in the central and eastern Bering Sea
during a 2007 survey. Conn et al. (2014) estimated 245,476 to 360,544 bearded seals occurred in the
Bering Sea using data from a 2012 to 2013 survey that was more extensive. Both the Ver Hoef et al.
(2014) and Conn et al. (2014) estimates were for the Bering Sea only and did not account for seals in
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the Chukchi or Beaufort seas. Bengtson et al. (2005) conducted surveys in the eastern Chukchi Sea
but could not estimate abundance from their data. Early estimates of the Bering-Chukchi seas bearded
seal population ranged from 250,000 to 300,000 (Burns, 1981; Popov 1976). More recently Muto et
al. (2017) provided a minimum population estimate of 273,676 bearded seals in the U.S. Bering Sea.
Considering the narrow amount of shelf habitat suitable for bearded seal occupancy, the numbers of
bearded seals using the Beaufort Sea should be lower than what occurs in the Chukchi and Bering
seas.

Cameron et al. (2010) developed a rough estimate of 3,150 year-round resident bearded seals in the
Beaufort Sea that was uncorrected for submersed seals or seasonal migrants, and around 27,000 year-
round resident bearded seals in the Chukchi Sea. Cameron et al. (2010) estimated the maximum
density of bearded seals from Prudhoe Bay to the coast south of Kivalina at approximately 0.14 seals
per square kilometer (km?). An indication of low population densities for bearded seals is also
suggested by survey results conducted near the Northstar and proposed Liberty Island sites. Aerial
surveys at these sites detected 3 to 18 bearded seals and 1,911 to 2,251 ringed seals during spring in
1999 to 2001 (Moulton et al., 2000, 2001, 2003; Moulton and Elliott, 2000). Such a marked
difference in the number of observed bearded versus observed ringed seals is believed to be indicative
of a small bearded seal population near the Proposed Action Area, and most likely throughout the
Beaufort Sea.

NMPFS listed the Beringia DPS of bearded seals as threatened under the ESA on December 28, 2012
(77 FR 76740) due to sea ice and snow cover decreases in the foreseeable future which would result
in population declines that threaten the survival of the bearded seal. The stock is considered depleted
under the MMPA by NMFS and no critical habitat has been designated for them.

3.2.4.5.2 Distribution

Bearded seals have a circumpolar distribution ranging from the Arctic Ocean into the western Pacific
(Burns, 1981), associating with pack ice, and only rarely using shorefast ice (Burns and Harbo 1972).
In Alaskan waters, bearded seals occur over the continental shelves of the Bering, Chukchi, and
Beaufort seas where they feed on benthic prey (Burns, 1981; Kelly, 1988). In winter, most in Alaska
occur in the Bering Sea, though smaller numbers of year-round residents remain in the Beaufort and
Chukchi seas mostly around lead systems and polynyas. During spring (mid-April to June), most
bearded seals in the Bering Sea shift northward through the Bering Strait and into the Chukchi and
Beaufort seas in tandem with the melting sea ice. Spring surveys in 1999 and 2000 found that they
generally prefer areas of 70 to 90 percent sea ice cover and prefer to remain 20 to 100 nmi from the
coast, with a few notable exceptions (Bengtson et al., 2000; Bengtson et al., 2005; Simkins et al.,
2003). Since bearded seals mostly feed on benthic invertebrates and demersal fishes, they closely
associate with areas less than 656 feet deep (Allen and Angliss, 2015). The core distribution occurs in
waters less than 1,640 feet deep, and consequently there are believed to be fewer bearded seals in the
Beaufort Sea and near the Proposed Action Area than in the Chukchi or Bering seas since benthic
habitat is limited in the Beaufort Sea. Because of the extensive shelf size in the Chukchi Sea, the
summer distribution of bearded seals in the Chukchi Sea remains large, and conversely, the narrow
shelf in the Beaufort Sea supports fewer, leading to a smaller resident population in the Beaufort Sea.
Water depths at the Liberty Site are approximately 19 feet deep and the sea floor is often scoured
clean of benthic organisms nearer to shore and away from boulder patches. Moreover, the Proposed
Action Area is surrounded by shorefast ice throughout the winter and early spring, and positioned
several miles south of any lead systems making it unusable as winter habitat for bearded seals.

Bearded seals are generally solitary, tending to be widely dispersed during winter when sea ice is
widespread, however they may also loosely aggregate at biologically important areas such as
polynyas, lead systems, and near river mouths during winter. Most are not very selective about the
type or quality of ice they use (Fay, 1974), as long as the floes are clean, and are not hummocky or
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highly compacted (Heptner et al., 1976; Burns and Harbo, 1977), but they usually avoid areas of
continuous, thick, shorefast ice and are rarely seen in the vicinity of unbroken, heavy, drifting ice or
large areas of multi-year ice. Although they prefer areas with immediate access to areas of open
water, they sometimes create breathing holes similar to those of ringed seals, and bearded seals in the
Canadian Arctic overwinter in areas of thick fast ice (Smith, 1981), by creating and maintaining
breathing holes (Smith, 1981, Cleator and Smith, 1984). Fay (1974) reported that some individuals
also use their heads to break holes in ice up to approximately 4 inches thick, and maintain those
breathing holes in heavy ice conditions. In late fall and winter, as ice starts forming at the coasts and
bays, seals are seen farther out to sea among areas of drifting, broken ice floes, and near open water
(Heptner et al., 1976).

In the Beaufort Sea bearded seals are most numerous in shear zones where drifting pack ice interacts
with, and grinds away fast ice, creating leads and other openings (Burns and Frost, 1979). The highest
densities of bearded seals in the eastern Chukchi Sea in May and June occurs where pack ice areas
coincide with high benthic productivity areas (Bengtson et al., 2005). Surveys in the Beaufort Sea
indicate they prefer areas with open ice cover and water depths primarily of 82 to 246 feet (Stirling et
al., 1977, Stirling et al., 1982), and during summer their preferred habitat is characterized by shallow
waters in areas with flowing sea ice mostly with depths approximately 656 feet. Since they mostly
feed on benthic organisms, bearded seals’ range is also restricted to areas where seasonal sea ice
occurs over relatively shallow waters and they may forage on the bottom; and although bearded seals
usually associate with sea ice, young seals may be found in ice-free areas such as bays and estuaries
(ADF&G, 1994).

In some areas bearded seals use the ice year-round; however, during summer they often use open-
water areas in proximity to the ice front (Harwood et al., 2005; Monnett and Treacy, 2005; Kelly,
1988). At this time the most favorable habitat occurs near the widely fragmented margin of the pack
ice; although they also are found in nearshore areas of the central and western Beaufort Sea during
summer, especially near river mouths.

Adult bearded seals are rarely found onshore, but some adults in the Chukchi and Beaufort seas use
haul-out sites ashore in late summer and early autumn until ice floes reappear at the coast (Kovacs,
2002; Burns, 1981; Nelson, 1981; Smith, 1981). However, younger bearded seals may haul out on the
shorelines, spits, and islands in lagoon river systems in some areas near Wainwright, Alaska (Nelson
1981), and on islands near Point Barrow, Alaska (W. Adams, North Slope Borough, Department of
Wildlife Management, July 14, 2010, pers. comm.; as reported in Cameron et al., 2010). In many of
these locations, sea ice either melts completely or recedes beyond the limits of shallow waters where
seals must feed (Burns and Frost, 1979, Burns, 1981).

On December 28, 2012, NMFS listed the Beringia DPS of bearded seals as threatened under the ESA
(77 FR 76740) due to sea ice and snow cover decreases in the foreseeable future which would result
in population declines that threaten the survival of the bearded seal. On July 25, 2014, the U.S.
District Court for the District of Alaska issued a decision vacating the listing of the Beringia DPS of
bearded seals as threatened. On October 24, 2016, the U.S. Court of Appeals for the Ninth Circuit
reversed the judgment of the District Court. On February 22, 2017, the Ninth Circuit denied a petition
for rehearing en banc. On May 12, 2017, the District Court entered final judgment wherein the
Beringia DPS of bearded seals remains threatened under the ESA. The stock is also considered
depleted under the MMPA by NMFS. Critical habitat has not been designated for the Beringia DPS
of bearded seal.

3.2.4.5.3 Life History

Female bearded seals begin to reproduce at 5 to 6 years of age with 80 percent having delivered a pup
by age 6, while males reach sexual maturity at 6 to 7 years (Kelly, 1988). Typically bearded seal
females choose ice floes away from the shorefast ice zone, for birthing areas (Kovacs et al., 1996;
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Fay, 1974; Burns and Frost, 1979), giving birth to a 4-foot, 75-Ib pup on ice between mid-March and
early May (Heptner et al., 1976, Fedoseev, 1984, Nelson, Burns, and Frost, 1984).

Most births occur during the last 1.5 weeks of April somewhere around the Bering Strait (Burns,
1981; Kovacs, 2002), and the precocial pups whelp in an advanced developmental state, with a layer
of subcutaneous fat, and often having wholly or partially molted in utero (Kovacs et al., 1996) or
completing their first molt before the cessation of nursing. Newborn pups frequently enter the water
within minutes or hours of birth and are foraging within 1 to 2 weeks (Lydersen, 2002; Watanabe et
al., 2009; Lydersen et al., 1994; Kovacs et al., 1996). Upon weaning, pups weigh 190 Ibs and spend
about 50 percent their time in the water, making 5+ minute dives to depths of 276 feet (Lydersen et
al., 1994; Lydersen et al., 1996; Burns, 1981; Nelson, 2008). In late-May through early June females
begin ovulating (Riedman, 1990), followed by a period of courtship by male bearded seals.

Males court females and display using calls — ascents, sweeps, moans, and elaborate downward
trilling vocalizations that are frequency modulated and can travel up to 18 miles, bubble displays, and
diving displays (Burns, 1981, 1988, 2009; VanParijs 2003; Cleator et al., 1989). Individual males use
distinct songs, and may occupy the same territories over a series of consecutive years within
constraints imposed by variable ice conditions, or they may show a roaming pattern (VanParijs et al.,
2001, 2003, 2004). Mating calls peak during and after pup rearing (Wollebaeck, 1927; Freuchen,
1935; Dubrovskii, 1937; Chapskii, 1938), and evidence suggests these calls originate only from
males. The vocalizations of male bearded seals are believed to advertise mate quality, signal
competing claims on reproductive rights, or to identify territory. Recent studies in the fjords of the
Svalbard Archipelago and shore leads in the Chukchi Sea of Alaska have suggested site fidelity of
males within and between years supporting earlier claims that males defend aquatic territories
(Cleator et al., 1989; Cleator and Stirling, 1990; Van Parijs et al., 2003; Van Parijs et al., 2004, Van
Parijs and Clark, 2006, Risch et al., 2007). Males exhibiting territoriality maintain an approximately
4.6-mi? core area, unlike wandering males that call across several larger core areas (Van Parijs et al.,
2003; Van Parijs et al., 2004; Van Parijs and Clark, 2006; Risch et al., 2007), and scars on the males
suggest fighting may be involved in defending territories as well.

Copulation is followed by a 2 to 2.5 month period of delayed implantation in females, where the
fertilized embryo remains in stasis, before attaching and implanting into the uterine wall. After the
delay is over, an embryo completes the implantation process and begins the 8.5-month period of
gestation. The total gestation period for bearded seals is from 11 to 11.5 months long, allowing a pup
to be birthed during spring when environmental conditions favor a pup’s survival (Burns, 1981, 1988;
Burns and Frost, 1979).

In June, after whelping and breeding conclude, most bearded seals begin their annual molt spending
much of their time hauled out on ice, entering water with reluctance (Kovacs et al., 2004). Some
individuals may be observed molting between April and August, but the process peaks in June
(Burns, 1981). Sea ice is an important requirement for the molt since it provides bearded seals with an
elevated, dry platform where they can raise their skin temperature, which facilitates epidermal growth
(Feltz and Fay, 1966).

The diving behavior of adult bearded seals is closely related to their benthic foraging habits and in the
few studies conducted so far, dive depths have largely reflected local bathymetry (Gjertz et al., 2000,
Krafft et al., 2000).

3.24.5.4 Diet

Bearded seal diets vary with age, location, season, and changes in prey availability (Kelly, 1988).
Quakenbush et al. (2011b) found bearded seals most commonly consume invertebrates, which were
found in 95 percent of stomach samples. They are mostly benthic feeders (Burns, 1981), consuming a
variety of crabs, shrimp, clams, worms, and snails and other prey species, including Arctic and
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saffron cod, flounders, sculpins, and octopuses. They primarily feed on or near the bottom, diving to
depths less than 328 feet, though are capable of going much deeper (adult dives have been recorded at
984 feet and juveniles have been recorded diving down to almost 1,640 feet (Gjertz et al., 2000).
Unlike walrus that “root” in the soft sediment for benthic organisms, bearded seals “scan” the surface
of the seafloor with their highly sensitive whiskers, burrowing only in the pursuit of prey (Marshall et
al., 2006, 2007, 2008). Bearded seals also feed on ice-associated organisms when practicable,
allowing them to live in areas with water depths considerably deeper than 984 feet if necessary.
Satellite tagging indicates that adults, subadults, and to some extent pups, maintain some level of site
fidelity to feeding areas, often remaining in the same general area for weeks or months at a time
(Cameron, 2005; Cameron and Boveng, 2009). Diets may vary with age, location, season, and
possible changes in prey availability (Kelly, 1988).

In the Bering and Chukchi seas, snow crab is the most important prey, followed by the crab, while the
reverse was true farther north. Shrimp species, gastropods, and octopus are important in both the
northern and southern Bering Sea and the Chukchi Sea. The diet is similar in the Beaufort Sea with
the addition of Arctic cod (Boreogadus saida) (Burns, 1981). Antonelis et al. (1994) found that 86
percent of bearded seals examined in the central Bering Sea in early spring had fish in their stomachs.
In order of importance these were capelin (Mallotus villosus), codfishes (Gadidae), and eelpouts
(Lycodes spp.). Lowry et al. (1980) reported similar findings on percentage of the occurrence of fish
in stomachs, but reported that fish as a percent of total volume was 16 percent from May through
September, and dropped to 5 percent for October through April. The majority of invertebrate prey
items identified in the 2000s were mysids, isopods, amphipods, and decapods (Quakenbush, 2011b).
Bearded seals switch their diet to include schooling pelagic fishes when advantageous, and fish
consumption by Bering Sea and Chukchi Sea bearded seals increased between the 1970s and 2000s,
but not to a statistically significant degree. Sculpin, cod, and flatfishes were the dominant fish taxa
consumed by bearded seals in the 2000s (Quakenbush et al., 2011b).

3.2.4.5.5 Mortality

Bearded seals are an important subsistence species for Alaskan Native hunters. The number of seals
taken annually varies considerably between years due to ice and wind conditions, which impact
hunters’ access to seals. The ADF&G maintains a database, and the best estimate of bearded seals
taken annually is 6,788 (Allen and Angliss, 2015).

Annual mortalities of bearded seals from commercial fishing activities is approximately 1.83 (2)
bearded seals per year; no estimate for the Potential Biological Removal (PBR) of this species can be
produced at this time (Allen and Angliss, 2015).

Bearded seals are also preyed upon by polar bears, killer whales, and potentially walruses. Polar bears
attack seals while they rest on the ice; Stirling and Archibald (1977) determined bearded seals played
a greater role in polar bear diets in the western Arctic than in most other areas, though many more
ringed seals are killed annually by polar bears. Killer whales are believed to predate bearded seals,
but only opportunistically when they encounter the seals in open water in the Bering and Chukchi
seas. Bearded seal skin has been found in walrus stomachs but it is unclear whether it was an incident
of walruses killing a bearded seal or scavenging a carcass. Lowry and Fay (1984) observed Pacific
walruses actively killing and consuming ice seals, although mostly neonates or juveniles.

3.2.4.5.6 Climate Change

The climatic aspects of climate change were described in Section 3.1.6, suggesting the environmental
conditions in the Beaufort Sea could change drastically in the future. These changes are a primary
concern for Beringian DPS of bearded seals, particularly projected loss of sea ice cover, which could
pose a significant threat to the persistence of these seals in the future (based on projections through
the end of the 21% century) (Muto et al., 2016). Laidre et al. (2008) assessed the sensitivity of bearded
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seals to nine environmental variables, and found they were the most sensitive to sea ice changes, and
population size and habitat specificity to a lesser degree. Available information indicates a moderate
to high threat that reductions in spring and summer sea ice would result in spatial separation of sea ice
resting areas from benthic feeding habitat (77 FR 76740, December 28, 2012).

NMFS (Federal Register 2012) determined it is likely reductions in the extent and timing of sea ice in
the range of the Beringia DPS will occur in the foreseeable future, particularly in the Bering Sea. To
adapt to this modified ice regime, bearded seals would likely have to shift their nursing, rearing, and
molting areas to ice-covered seas north of the Bering Strait, where projections suggest a potential for
the ice edge to retreat to deep waters of the Arctic basin. Such an event would force seals into
suboptimal conditions and habitats, and likely compromise reproduction and survival.

Likewise, NMFS (Federal Register 2012) also determined reductions in sea ice suitable for bearded
seal molting (greater than 15 percent ice concentration in May to June) and whelping (greater than 25
percent ice concentration in April to May) could occur.

Within the foreseeable future, the risks to the persistence of the Beringia DPS appear to be moderate
(abundance and diversity) to high (productivity and spatial structure). NMFS determined the Beringia
DPS is not in danger of extinction throughout all of its range, but could become so by around 2095
(USC, 2016). Consequently NMFS (Federal Register 2012) concluded the Beringia DPS of bearded
seals is under no present threat from climate change, but future changes in sea ice could present an
increasing threat leading to the extinction of the Beringia bearded seal DPS by around 2095.

The spread of disease and parasites has also been suggested as a potential threat to Arctic marine
mammals by emigration/immigration events between different marine mammal populations, abetted
by sea ice losses, but only in a general context.

3.2.4.6 Ringed Seal

3.2.4.6.1 Population and Status

Ringed seals (Phoca hispida hispida) in U.S. waters are considered to be from a single Alaska stock
(Kelly et al., 2010; Allen and Angliss, 2015). Kelly et al. (2010) estimated over 300,000 ringed seals
inhabit the Beaufort, Chukchi, and Bering seas based on information from existing surveys and
studies, though this estimate is unreliable (Allen and Angliss, 2015) and seal numbers are believed to
number considerably more in the Bering and Chukchi seas, particularly during winter and early spring
(71 FR 9783, February 27, 2006). Bengston et al. (2005) reported an abundance estimate of 252,488
+47,204 ringed seals in the eastern Chukchi Sea in 1999, and 208,857 +25,502 seals in 2000; while
Frost and Lowry (1981) estimated 80,000 ringed seals in the Beaufort Sea during summer and 40,000
during winter. These were minimum population estimates and fall short of the western Arctic ringed
seals total population size since the estimates do not include data from the stock’s remaining
geographic range. Kelly et al. (2010) estimated the Arctic ringed seal population to number over
1,000,000. However, the estimate for the U.S. Beaufort Sea has not been corrected for the number of
ringed seals not hauled out at the time of the surveys (Allen and Angliss, 2015). Some authors
(Amstrup, 1995) believe the Beaufort Sea population could be four times greater than the Frost and
Lowry (1981) numbers. Kelly et al. (2010) placed the maximum density estimate of ringed seals at
Prudhoe Bay and along the coast south of Kivalina to be 1.62 seals/km?.

Population-trend analyses by Frost et al. (2002) for the central Beaufort Sea found a substantial
decline of 31 percent in observed ringed seal densities from 1980 to 1987 and 1996 to 1999; however,
Frost et al. (2002) also noted the decline may have been due to a difference in survey timing rather
than an abundance decline. Spatial and temporal comparisons typically assume the proportion of
animals visible remains constant between surveys; however, Frost et al. (2004) cautioned against
comparing survey results because of marked between-year variation in density estimates common for
ringed seal surveys. Most likely these timing differences were due to the variations in sea ice
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conditions and the annual molt cycles of ringed seals (Frost et al., 2004). Kelly (2005) found aerial
surveys can underestimate ringed seal densities by factors of more than 13, because the proportion of
seals visible during survey periods may rapidly change from day to day. Consequently comparisons
of ringed seal densities between regions and between years based on aerial surveys should only
account for the proportion of the population visible during each survey (i.e., appropriate correction
factors would need to be used) (Kelly, 2005).

Ringed seals were listed as threatened under the ESA on December 28, 2012 (77 FR 76705), due to
concern about the anticipated long-term effects of climate change on the pupping and denning habitat
into the next century. Due to their listing under the ESA, they are listed as a depleted and as a
strategic stock (Angliss and Outlaw, 2015).

3.2.4.6.2 Distribution

Ringed seals are the most common and widespread seal species in the Alaskan Arctic. During the fall
most ringed seals in the Beaufort and Chukchi seas follow the sea ice front south into the Bering Sea
where they remain until the lead systems and warming weather permit them to return to the Arctic
during the spring and summer, and a much smaller portion of the Alaska stock remains in the
Beaufort and Chukchi seas throughout the year. Harwood et al. (2012) tracked ringed seal migrations
from the eastern Beaufort Sea to the Bering Sea and found that they made a rapid, synchronized,
westward migration into the Chukchi Sea using the same migration corridor and route that bowhead
whales used.

Ringed seals have a circumpolar distribution from approximately 35°N latitude to the North Pole, and
they occur in all seas of the Arctic Ocean (King, 1983). In the Chukchi Sea areas of high
concentrations occur between Point Lay and Cape Lisburne, Alaska; however no definitive ringed
seal concentration areas have been identified in the Beaufort Sea other than in Canadian waters near
Tuktoyaktuk.

Moulton et al. (2002) found the highest ringed seal concentrations occurred on stable, shorefast ice
over water depths of about 33 to 66 feet in winter and spring, and Frost et al. (2004) found ringed seal
densities greater with depths between 16 and 115 feet. Seals cannot overwinter in ice-covered waters
shallower than 9 to 16 feet because of ice freezing to the seafloor and/or poor prey availability
resulting from a limited water supply (71 FR 9785). Thus, it can be safely assumed that waters less
than 16 feet deep would be poor wintering areas for ringed seals. Optimal wintering areas for ringed
seals in the Beaufort Sea should occur in waters between 33 and 115 feet deep, preferably in the
shorefast ice close to lead systems. Historically, the population densities of ringed seals have been
substantially greater in the eastern Beaufort Sea than in the western Beaufort (Burns and Kelly, 1982;
Kelly, 1988), likely due to the shallower water depths between the shore and barrier islands in the
western Beaufort Sea. Ringed seal population densities tend to be greatest on areas of flat ice near the
edge of the shorefast ice zone and decline away from that edge (Frost et al., 2004).

Stirling, Kingsley, and Calvert (1981) found the greatest ringed seal population densities in the
Beaufort Sea in water having more than 80 percent ice cover. During summer, Simpkins et al. (2003)
found ringed seals most often occurred along receding ice edges or farther north in pack ice, favoring
ice floes more than 158 feet in diameter, and in the interior pack ice where sea ice concentrations
exceed 90 percent.

Surveys flown from 1996 to 1999 found the highest density of seals along the central Beaufort Sea
coast in Alaska occurred between Kaktovik and Brownlow Point, possibly due to a productivity of
zooplankton which was about four times greater there than in other areas of the eastern Beaufort Sea
(Frost et al., 2004).

In early summer, the highest densities of ringed seals in the Chukchi Sea are found in nearshore
shorefast ice, pack ice (Bengston et al., 2005), lead systems, polynyas, and shear zones. This trend
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also appears to be true in the Beaufort Sea, based on incidental sightings of seals during aerial surveys
for bowhead whales (Monnett and Treacy, 2005). During summer, they are found dispersed
throughout open-water areas, though in some regions they move to coastal areas (Smith, 1987;
Harwood and Stirling, 1992). In late summer and early fall, they often aggregate in open-water areas
where primary productivity is thought to be high (Harwood and Stirling, 1992).

Aerts et al. (2013a) analyzed the distribution of marine mammals using data collected in 2008 to
2010, and found the distribution of seal species was due to food availability. More specifically, Aerts
et al. (2013a) noted ringed seals spend 90 percent of their time foraging in the water during the
summer and because of a highly flexible diet and high prey mobility, they lacked a clear distribution
pattern.

The construction site for the Proposed Action lies well inside the shorefast ice zone, far from the edge
of the shorefast ice, and in water depths of about 19 feet, indicating the location would be a very poor
choice of winter habitat for ringed seals. Therefore, it is highly unlikely that many, if any, ringed seals
would occur in the immediate vicinity of the Proposed Action during winter and early spring.

Because this area is often ice free during the summer, there is a strong likelihood some ringed seals
would frequent the Proposed Action Area during the ice free period as food resources permit.

Critical habitat has been proposed for the Arctic ringed seal in U.S. waters and includes:

All the contiguous marine waters from the “coast line” of Alaska as that term has been
defined in the Submerged Lands Act (“the line of ordinary low water along that portion
of the coast which is in direct contact with the open sea and the line marking the seaward
limit of inland waters™), 43 U.S.C. 1301(c), to an offshore limit within the U.S. Exclusive
Economic Zone (EEZ). The boundary extends offshore from the northern limit of the
United States-Canada land border (from the ordinary low water line of the Beaufort Sea
at 141° W long.) and follows the outer extent of the U.S. EEZ boundary north and slightly
northeastward; thence westerly and southwesterly; thence southerly and southwesterly to
60°31’N lat., 179°13’W long. From there it runs southeasterly to 58°22°N lat., 170°27"W
long.; thence easterly to 59°N lat., 164°W long. The boundary then follows 164°W long.
due north to the coast line of Alaska southeast of Cape Avinof.

Such a designation would effectively include all marine waters within the EEZ of the United States
where sea ice regularly forms during winter (Figure 3-28). The final determination for ringed seal
critical habitat from the NMFS remains pending.
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Figure 3-28 Proposed Critical Habitat for the Arctic Ringed Seal in U.S. Waters
Source: NMFS, 2015.

3.2.4.6.3 Life History

Reported mean age at sexual maturity (MAM) for ringed seal females varies in the literature from 3.5
to 7.1 years (Holst and Stirling, 2002; Krafft et al., 2006). Males likely do not participate in breeding
before they are 8 to 10 years old. The average size of adults 10 years and older varies between
locations and different age cohorts, but averages between 3.77 to 4.46 feet in length and 88 to 143 Ibs
in weight, with males being slightly larger than females (Smith, 1973; Frost and Lowry, 1981; Smith,
1987; Lydersen and Gjertz, 1987). Ringed seals are long lived, with ages close to 50 reported
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(Lydersen and Gjertz, 1987), though the average lifespan is around 25 to 35 years (Smith and Walker,
1995). Reproductive rates of adult female ringed seals vary between 0.45 and 0.86 (See Reeves,
1998), with a maximum of 0.91 (Lydersen and Gjertz, 1987). Regional production rates are variable;
reproductive success depends on many factors including prey availability, the relative stability of the
ice, and sufficient snow accumulation prior to the commencement of breeding, etc. (e.g., Lukin, 1980;
Kelly, 1988; Smith, 1987; Lydersen, 1995).

Some ringed seal behaviors remain poorly understood because they spend so much of their time out
of sight in their lairs or under the sea ice (ADF&G, 1994). When submerged under the sea ice, they
excavate and maintain several breathing holes throughout the winter to provide air access while
hunting prey species (e.g. Arctic Cod) and to provide escape routes from polar bears and other
predators (Frost et al., 2002).

A single 8.8 t0 9.9 Ib pup is born in the spring (March to May), with the peak of pupping occurring in
early April (Frost and Lowry, 1981). Births occur in subnivean lairs excavated in the snowpacks that
accumulate upwind and downwind of ice ridges (Smith and Stirling, 1975; Furgal et al., 1996), or in
cavities occurring between ice chunks in pressure ridges (McLaren, 1958; Kelly, 1988). Snow depths
of at least 20 to 26 inches are required for functional birth lairs, and such depths typically are found
only where 8 to 12 inches or more of snow has accumulated on flat ice and then drifted along pressure
ridges or ice hummocks. These lairs provide thermal protection against cold temperatures, wind chill,
and some protection from predators. Shore-fast ice is the best habitat for pupping, though many
ringed seals successfully whelp and rear their pups in pack ice in some areas (Wiig et al., 1999). Seal
mothers move young pups between lairs within their network of lairs (usually 4 to 6 per female) if
one or more lairs are compromised and older pups can travel between lairs as their swimming skills
develop (Lydersen and Hammill, 1993a, b).

Reproductive rates for ringed seals are capable of approaching 95 percent annually (Smith, 1973;
Burns, 1981; Quakenbush and Sheffield, 2006); however, current reproductive rates appear to be
lower than the maximum recorded for this species. For example, only 69 percent of females sampled
in the Bering and Chukchi seas between 2000 and 2005 were pregnant (Quakenbush and Sheffield,
2006).

After a 5 to 8 week lactation period, pups wean when approximately 44 lbs, then their mothers mate
sometime between April and May (Moulton et al., 2002). Sometime after breeding activities
conclude, about mid-May, they begin molting.

Molting for ringed seals occurs between mid-May to mid-July, and during this time they remain
hauled out on the edge of the pack ice, or on remnant landfast ice until their old pelt dries out and
sheds (Reeves, 1998). Because of the need for dry skin during the molt, ringed seals refrain from
entering the water and forgo foraging activities, making the molt a particularly stressful time for this
species (Ryg et al., 1990).

When not whelping, lactating, breeding, or molting, ringed seals travel widely and may occur in
waters of nearly any depth, though their distribution remains strongly correlated with the presence of
sea ice and with food availability (e.g. Simpkins et al., 2003, Freitas et al., 2008).

3.2.4.6.4 Diet

Most ringed seal prey is small, and selection concentrations on schooling species that form dense
aggregations — in the 2- to 4-inch length range for fishes and the 0.8- to 2.4-inch length range for
crustaceans. Typically, a variety of 10 to 15 prey species are found with no more than 2 to 4 dominant
prey species in any given area. Fishes are generally more commonly eaten than invertebrate prey
when available. Diet is determined to some extent by the seasonal availability and nutritive value of
prey, with pronounced seasonal variation. Depth of water and distance from shore also factor into
their diet (Lowry, Frost, and Burns, 1979; Reeves, 1998; Wathne et al., 2000). Ringed seals can
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consume the largest quantities of foods with the least energetic expenses where prey species are
highly concentrated, such as with Arctic cod and nektonic crustaceans in some areas.

In U.S. waters, ringed seals mostly feed on Arctic cod and shrimp during fall, winter, and spring; and
switch to amphipods and euphausiids during summer (Kelly, 1988; Reeves, Stewart, and
Leatherwood, 1992; Lowry, Frost, and Burns, 1979). However, nearshore samples from the vicinity
of the Proposed Action Area in 1978 found amphipods to be the primary food items in November
(Lowry, Frost, and Burns, 1979). There are differences in the diet content for different ringed seal
demographic groups though, and Arctic cod tends to become more prevalent in the diet as ringed
seals mature (Dehn et al., 2007), and conversely, invertebrates often dominate the diet of young
animals (Lowry et al., 1980; Holst et al., 2001).

Quakenbush et al. (2011a) provided corroborating evidence that the diet of Alaska ringed seals
sampled consisted of cod, amphipods, and shrimp. Fish were consumed more frequently in the 2000s
than in the 1960s and 1970s, and Arctic cod, saffron cod, sculpin, rainbow smelt, and walleye pollock
were identified as the dominant fishes, while mysids, amphipods, and shrimp, were the dominant
invertebrate species in ringed seal diets. Aerts et al. (2013a) also found Arctic cod was the main food
source in fall and winter, while they had a tendency to prefer crustaceans in spring and summer.

Ringed seals in the eastern Beaufort Sea also have exhibited reduced reproductive output and reduced
body condition between 2003 and 2005. Local fishermen in the eastern Beaufort Sea have suggested
the downturn in seal body condition was related to decreases in marine productivity in the area, as
evidenced by recent reductions in fishing opportunities for Arctic cod in the same areas that seals
hunt (Harwood, 2005). Reduced numbers of Arctic cod probably also are a factor in reduced seal
reproductive output, as successful ovulation depends on body condition (Harwood, 2005).

3.2.4.6.5 Mortality

Ringed seals are an important species for subsistence practitioners. The number of seals taken
annually varies considerably between years due to ice and wind conditions, which impact hunter
access to seals. ADF&G maintains a subsistence harvest database and, as of August 2000, the mean
estimate of ringed seals taken annually is 9,567, and data from 2008 to 2012 shows an annual average
of 4.12 mortalities of Arctic ringed seals from commercial fishing operations in Alaska (Allen and
Angliss, 2015).

Polar bear predation remains the largest source of ringed seal mortality, followed by subsistence
hunting. Other sources of mortality among ringed seals include entanglements and commercial
fishing, and predation from Arctic foxes, walruses, wolves, wolverines, and ravens which also
occasionally kill ringed seals; all of which result in very few losses (ADF&G, 1994; 2011b; Allen and
Angliss, 2013).

3.2.4.6.6 Climate Change

Ringed seal sea ice and snow habitats are believed to have been modified by the warming climate and
projections suggest continued or accelerated warming in the future (Kelly et al., 2010). Climate
models project ice and snow cover losses throughout the 21 century, with some variations, and
increasing atmospheric concentrations of greenhouse gases are driving climate warming and
increasing ocean acidification (Section 3.1.6), which affects ringed seal habitat. Such changes also
threaten prey communities on which ringed seals depend. Laidre et al. (2008) analyzed life history
features of ringed seals and concluded they are highly sensitive to climate.

The greatest impacts to ringed seals from climate change would manifest in less snow cover. While
winter precipitation is forecasted to increase in a warming Arctic (Walsh et al., 2005), the duration of
ice cover could be reduced leading to lower snow accumulation on ice (Hezel et al., 2012),
particularly over their subnivean lairs. According to NMFS’ climate model projections, snow cover is
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expected to be inadequate for the formation and occupation of lairs within this century over the
Alaska stock’s entire range (Kelly et al., 2010).

Without lairs, ringed seals and their pups may experience increased incidents of freezing and
predation. Changes in their habitat could occur rapidly relative to their generation time which could
limit adaptive responses.

The spread of disease and parasites has also been suggested as a potential threat to Arctic marine
mammals by emigration/immigration events, abetted by sea ice losses, but only in a general context.
The true potential for the spread of pathogens between ringed seal stocks and other species of seals
remains speculative.

3.2.4.7 Spotted Seal

3.2.4.7.1 Population and Status

Muto et al. (2017) noted a spotted seal (Phoca largha) population estimate of 391,000 for the Alaska
stock, citing Conn et al. (2014). The lower and upper limits for a Ver Hoef et al. (in review) estimate
were 92,769 to 321,882 individuals. The vast majority of spotted seals occur in the Bering and
Chukchi seas, with much lower numbers present in the Beaufort Sea, as evidenced by the smaller
haulouts found along the Beaufort Sea coast between Oarlock Island in the eastern Colville River
Delta and Smith Bay near Point Barrow.

3.2.4.7.2 Distribution

The Alaska stock of spotted seals are distributed along the continental shelf of the Beaufort, Chukchi,
and Bering seas, mostly in shallow and/or nearshore waters (Shaughnessy and Fay, 1977; Lowry et
al., 2000). They are mostly seen in bays, lagoons, estuaries, and nearshore waters but they also range
far offshore to 72°N latitude (Shaughnessy and Fay, 1977). They are common in the coastal Alaskan
waters in ice-free seasons and are not known to remain in the Beaufort Sea during the late fall and
winter. They migrate south from the Chukchi Sea through the Bering Strait in October and November
to overwinter in shallow areas along the ice front (Lowry et al., 1998; Lowry et al., 2000). In spring,
those overwintering in the Bering Sea follow the receding sea ice, north through the Bering Strait into
the Chukchi and Beaufort seas to reoccupy their seasonal coastal habitats (Shaughnessy and Fay,
1977; Simpkins et al., 2003).

Spotted seals make foraging trips from coastal haulouts lasting about 9 days, followed by a rest period
of 1 to 2 days at a coastal haulout. No surveys of potential spotted seal haulouts on sea ice in the
Beaufort Sea have been conducted to date due to personnel safety hazards. Known spotted seal
onshore haulouts are known to exist in Smith Bay, Dease Inlet, the Colville River Delta, and
historically in the Sagavanirktok River Delta, and possibly in western Camden Bay, Alaska
(Huntington, 2013; Smith et al., 2010; ADF&G, 2015; NOAA, 2015; ASGDC, 2012). Some
unverified accounts of spotted seals recently hauling out in the Sagavanirktok River Delta have been
discussed during scoping. Haulout sizes in the Beaufort Sea tend to be much smaller than those along
the Chukchi and Bering sea coasts, sometimes by one or two orders of magnitude, indicating spotted
seals have a lesser presence in the Beaufort Sea than in other areas of their range.

Seals at the Beaufort Sea haulouts have historically numbered into the hundreds, even at the
easternmost documented haulout on Oarlock Island. Recently, only a few tens of spotted seals have
been observed at Oarlock Island. This decrease in spotted seal numbers has occurred since the 1970s,
though it is possible the population declines at the Oarlock Island haulout indicates seals have shifted
to other haulout locations in the Beaufort Sea. Marine mammal monitoring during BPXA’s 2014
Shallow Geohazard Survey (Smultea et al., 2014) at the Liberty Site noted an estimated 80 spotted
seals in the area during seismic surveying, easily making spotted seals the most commonly observed
pinnipeds in the area with most occurrences south and east of Narwhal Island. A concurrent ocean
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bottom sensor seismic survey at the same site by BPXA found 31 percent of the marine mammal
sightings were spotted seals and another 31 percent were ringed/spotted seals (Lomac-MacNair et al.,
2015). This information from two concurrent marine mammal monitoring reports suggests spotted
seals in the Proposed Action Area should number in the high 10s to low 100s when ice is present.

3.2.4.7.3 Life History

During spring when pupping, breeding, and molting occur, spotted seals inhabit the southern margin
of the sea ice in the Bering Sea (Quakenbush, 1988; Rugh, Shelden, and Withrow, 1997). Of eight
known breeding areas, three occur in the Bering Sea (Angliss and Outlaw, 2005). Pupping occurs on
ice in April and May, and pups are weaned within 3 to 4 weeks. Adult spotted seals often are seen on
the ice in female-pup or male-female pairs, or in male-female-pup triads. Mating occurs around the
time the pups are weaned and mating pairs are monogamous for the breeding season. Spotted seals
are rarely seen on the pack ice during the summer, except when the ice is very near shore.

3.2.4.7.4 Diet

Spotted seals have a flexible diet and are opportunistic predators, though schooling fish are their
preferred prey (Aerts et al., 2013a; Dehn et al., 2007; Boveng et al., 2009). Boveng et al. (2009)
found spotted seals are generalist feeders with a varied diet, though fishes are the main prey group in
their diet, with large numbers of crustaceans and cephalopods showing up in food analyses. Dehn et
al. (2007) found nitrogen isotope ratios of spotted seals indicated feeding in higher trophic levels than
other ice seals and carbon isotope analyses indicated spotted seals mainly forage in the pelagic
environment with much less reliance on the benthic environment when compared to bearded seals and
Pacific walruses. Data from 2008-2010 led Aerts et al. (2013b) to conclude spotted seal presence in
the Chukchi Sea is determined by food availability, reflecting the influence of oceanographic
conditions on prey species; a conclusion that should apply to spotted seals in the Beaufort Sea too.
Consequently, the site locations of Beaufort Sea spotted seal haulouts is likely due to the presence of
spawning runs of whitefish and salmon more than any other single factor. Since spotted seals are
shallow water divers, mostly feeding in waters less than 656 feet deep (Bukhtiyarov et al., 1984;
Lowry; 1985), the amount of available feeding habitat in the Beaufort Sea will always remain limited
due to the marginal extent of the continental shelf, which explains why there are much fewer spotted
seals in the Beaufort Sea than in the Chukchi and Bering seas.

3.2.4.7.5 Mortality

The best estimate of the statewide annual spotted seal subsistence harvest is 5,265, and data from
2008 to 2012 shows an annual average of 1.52 spotted seal mortalities from commercial fishing
operations in Alaska (Allen and Angliss, 2015). As with the analogous ringed seals, polar bear
predation is the largest source of mortality, followed by subsistence hunting; other sources, such as
entanglements and commercial fishing are very low (Allen and Angliss, 2013). Spotted seals are
killed annually by predators such as killer whales, grizzly bears, Pacific walruses, sleeper sharks, etc.,
but the numbers of such losses are believed to be low since habitat preferences would make the
practice of hunting ringed seals problematic for most predators other than polar bears.

3.2.4.7.6 Climate Change

Spotted seal sea ice habitat that has been modified by the warming climate should continue to change
into the future (Muto et al., 2016). Though the Arctic Ocean ice extent has been shrinking during
summer, winter sea ice in the Bering Sea should continue forming annually into the foreseeable
future. There could be more frequent years in which ice coverage is reduced, resulting in long-term
declines in ice extent, but Bering Sea spotted seals would likely continue to encounter sufficient ice to
support adequate vital rates. Laidre et al. (2008) concluded spotted seals were likely to be moderately
sensitive to climate change based on various life history features.
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A second major concern is ocean acidification, which could alter prey and other habitat
characteristics. Ocean acidification could impact spotted seal survival and recruitment through
disruption of trophic regimes that are dependent on calcifying organisms; however their dietary
flexibility makes such a threat less of a concern than sea ice degradation (Boveng et al., 2009). If
conditions begin to favor the pelagic environment in the Beaufort Sea, they may favor spotted seals
during the open-water season since adults are usually piscivorous, and pelagic foodwebs often favor
fishes. Consequently there could be a greater presence of spotted seals using the Beaufort Sea and
Foggy Island Bay during the open-water season; at least for as long as ocean acidity doesn’t prevent
fish populations from remaining viable in the region.

The spread of disease and parasites has also been suggested as a potential threat to Arctic marine
mammals by emigration/immigration events, abetted by sea ice losses, but only in a general context.
The true potential for the spread of pathogens between other species of seals and spotted seals
remains speculative.

3.2.4.8 Steller Sea Lion — Western U.S. Stock

The Western U.S. stock of Steller sea lions occurs in waters of Bristol Bay and the Bering Sea in
Alaska, as well as in the North Pacific Ocean and along the Russian coast. The size of the western
Pacific stock of Steller sea lions decreased from an estimated 220,000 to 265,000 animals in the late
1970s to less than 50,000 in 2000, and at present the minimum population estimate for the stock is
50,983 animals (Muto et al. 2017). For these reasons, the Western U.S. stock of Steller sea lions
remains listed as endangered under the ESA and is designated as depleted under the MMPA (Muto et
al., 2017).

Steller sea lions typically occur in coastal areas of the North Pacific and Bering Sea, including waters
around Dutch Harbor, Alaska. Though Dutch Harbor sees a large amount of vessel traffic throughout
the year, resident Steller sea lions are believed to have habituated to the vessel traffic and human
activity. They are commonly encountered by vessels traveling in and out of Dutch Harbor and near
the Pribilof Islands where large breeding rookeries occur. There is a 3 nmi no-entry zone around
rookeries, but otherwise vessel traffic has a perceived low impact on the recovery of the stock (Muto
et al. 2017; Page 10, Table 5).

The waters from Dutch Harbor to 150 nmi north of Dutch Harbor are designated critical habitat for
Steller sea lions (58 FR 45269; 50 CFR, Chapter II, Subchapter C, Part 226.202).

3.2.4.9 Northern Sea Otter — Southwest Alaska Stock

The Southwest Stock of northern sea otters may be encountered by barges travelling from Dutch
Harbor to the Proposed LDPI. On August 9, 2005, the FWS listed the Southwest Alaska Stock of
northern sea otters as threatened (70 FR 46366). October 8, 2009, critical habitat for the Southwest
Alaska Stock of northern sea otters was declared (74 FR 51988); this habitat occurs in nearshore
marine waters around Unalaska Island ranging from the mean high tide line seaward for a distance of
328 feet, or to a water depth of 66 feet. The species is most commonly observed within the
approximately 130-foot depth contour since they require frequent access to nearshore benthic
foraging habitat (Reidman and Estes 1990). The most recent population size for the Southwest Alaska
Stock was 54,771 with a minimum population size of 45,064 (Muto et al., 2017). Individual sea otters
would likely be encountered near Dutch Harbor and Unalaska Bay, but probably not in offshore areas.

3.2.4.10 Pacific Walrus

In-depth descriptions of the status, distribution, life history, and survival of Pacific walrus populations
occurring in U.S. waters including the Beaufort Sea, are provided in the FWS Status Review of the
Pacific Walrus (Odobenus rosmarus divergens) (Garlich-Miller et al., 2011), the most recent FWS
stock assessment report (USFWS, 2014), and Conference Opinions (USFWS, 2011, pages 17-20;
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USFWS, 2013, pages 18-26). The following text summarizes pertinent information from these
documents, which are incorporated by reference, and includes new scientific information when
available.

3.2.4.10.1 Sound

Walruses produce a variety of sounds (barks, knocks, grunts, rasps, clicks, whistles, contact calls, etc.
(Miller, 1985; Stirling, Calvert, and Spencer, 1987). Airborne vocalizations at reported frequencies
between 10 Hz and 4 kHz (Kastelein, Postma, and Verboom, 1995; Miller, 1985; Miller and Boness,
1983; Verboom and Kastelein, 1995) accompany nearly every social interaction that occurs on land or
ice. These vocalizations facilitate kin recognition, male breeding displays, recognition of
conspecifics, and female mate choice (Charrier Burlet, and Aubin, 2011; Insley, Phillips, and
Charrier, 2003). Walruses also vocalize extensively while underwater at reported frequencies between
200 Hz and 4 kHz. Base frequencies for most underwater walrus sounds occur at 400 Hz to 1,200 Hz
(0.4 to 1.2 kHz) (Richardson et al., 1995). The purposes of underwater vocalizations are not explicitly
known but are associated with breeding, swimming, and diving, and may be used to locate the bottom
and identify bottom substrates associated with prey. Because of walrus grouping behavior, all vocal
communications occur within a short distance (Miller, 1985). Walruses’ underwater vocalizations are
suspected to be detectible for only a few miles (Mouy et al., 2012) and likely do not act as long
distance communication.

Presently, no walrus-specific hearing threshold criteria data exist; however, underwater audiograms
for walruses show a strong similarity to those for otariids (Kastak et al., 2004, 2007 in Finneran and
Jenkins, 2012). Therefore, for management and impact analysis purposes, the otariid functional
hearing frequency ranges of 100 Hz to 35 kHz in water and 100 Hz to 50 kHz in air is often assumed
for walruses (Finneran and Jenkins, 2012). The FWS uses the NMFS otariid acoustic thresholds as an
approximate surrogate for walruses (81 FR 52276; August 5, 2016). NMFS (2016b) has assigned
walruses to the 60 Hz to 39 kHz boxcar frequency range (a multi-species functional hearing range
category used for their impact analyses). A few psychophysiological studies have been conducted on
both captive and free-ranging walruses (Kastelein et al., 1993a, 1996, 2002). These tests suggest in-
air frequency sensitivity ranges from 0.25 kHz to 8 kHz with sensitivity down to 50 dBrwms at 1 kHz
to 4 kHz (Kastelein et al., 1993a, 1996). An in-water audiogram of an adult male Pacific walrus
showed maximum frequency sensitivity at 12 kHz (at 67 dBrus) (Kastelein et al., 2002). In-water
sensitivity fell gradually below frequencies of less than 1 kHz and dropped off sharply above 12 kHz.
It is generally acknowledged that walruses are sensitive to low frequency sound (less than 1 kHz)
(Kastelein et al., 2002).

3.2.4.10.2 Physical

Walrus’ sense of touch (i.e., mechanosensory system) has been of scientific interest because they
disturb large volumes of seafloor sediments while foraging, resulting in turbid waters where visibility
is greatly reduced (Ray et al., 2006). Instead of vision, walruses use their whiskers (i.e., vibrissae) to
find prey items. Walrus’ vibrissae have evolved to be highly sensitive (individuals can identify 0.12-
inch thick objects down to a survey area of 0.06 square inches) (Kastelein and van Gaalen, 1988;
Kastelein, Stevens, and Mosterd, 1990). The majority of research on walrus sensory systems has
focused on hearing and touch; information from anatomical and behavioral studies provides insight
into the walrus visual system but less research on the olfactory and gustation (i.e., taste) systems has
been conducted (Dehnhart, 2002).

3.2.4.10.3 Vision

Concurrently, the walrus eye, while well-developed, is smaller than that of other pinnipeds and walrus
visual acuity is thought to be comparatively less than that of phocids and otariids (Kastelein et al.,
1993b).
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3.2.4.10.4 Olfaction

Historical anatomical descriptions suggest that, compared with most terrestrial mammals, the
olfactory system in pinnipeds, including walrus, is somewhat reduced (Lowell and Flanigan, 1980).
However, traditional knowledge from subsistence communities and historical whaling accounts
indicate that Pacific walruses are sensitive to smells and may flush from land and ice in response to
odors indicative of a possible threat, such as exhaust from outboard engines of hunting vessels (Ellis,
2009; Huntington, Nelson, and Quakenbush, 2012; Huntington and Quakenbush, 2013).

3.2.4.10.5 Population and Status

Walruses in the North Pacific Ocean and U.S. portion of the Arctic Ocean belong to the Pacific
subspecies. Pacific walruses are common in the Bering and Chukchi seas, with seasonal variation in
distribution (Fay, 1982; Garlich-Miller et al., 2011).

The Pacific walrus population size has fluctuated markedly in response to varying levels of human
exploitation (Fay, Kelly, and Sease, 1989; Fay et al., 1997; Taylor and Udevitz, 2015). Research
suggests a decrease in hunting pressure facilitated rapid population growth in the 1960s (Fay, Kelly,
and Sease, 1989). By the late 1970s to earlier 1980s the Pacific walrus stock likely reached or
exceeded carrying capacity and limitations in food availability resulted in a population decline (Fay,
Kelly, and Sease, 1989; Taylor and Udevitz, 2015). Cow-calf ratios were substantially lower in the
1980s than in the 1960s, suggesting that reproductive rates (number of female calves per reproductive
female) and calf survival rates declined, leading to an aging population (Citta, Quakenbush and Taras,
2014). Recent modeling of available data suggests that by the 1990s both reproductive rates and calf
survival began to increase steadily but remained lower than estimated maximums for the period prior
to the 1980s decline (Taylor and Udevitz, 2015). Model results suggest that overall population growth
rate also increased and then moderated, rising from 0.94 in 1985 to 0.97 in 1999 to 1.00 in 2006 (the
most recent year for which data were available for analysis) (Taylor and Udevitz, 2015). Survey
efforts have been hampered by large confidence intervals, bias, and variation in data collection
methods that prevent confident comparisons among surveys (Gilbert, 1989; Gilbert et al., 1992).
Attempts to estimate population size have been further compromised because large portions of the
population may be in the water at any given time and because walruses tend to aggregate in large,
closely-packed groups, both factors that make accurate counts difficult (Garlich-Miller and Jay, 2000;
USFWS, 2014). The most recent population survey of Pacific walruses was conducted in 2006. Due
to weather constraints, approximately 50 percent of the available walrus habitat was surveyed. The
final population estimate of 129,000, with a range of 55,000 to 550,000 (Speckman et al., 2011; Muto
etal., 2017) represents a minimum population estimate since it was not possible to extrapolate from
the area surveyed to the entire habitat area.

3.2.4.10.6 Distribution
The FWS considers Pacific walrus to be extralimital to the Proposed Action Area.

The Pacific walrus ranges from the Bering Sea to the Chukchi Sea, occasionally ranging into the East
Siberian and Beaufort seas. Walruses are social and gregarious animals. They tend to travel and haul
out to rest on ice or land in densely packed groups. Group size can range from a few individuals up to
several thousand animals (Gilbert, 1999; Kastelein, 2002; Jefferson, Webber, and Pitman, 2008).
Pacific walrus distribution generally varies with the extent and distribution of sea ice, although
localized areas of walrus activities may occur independent of the movement of ice floes (Garlich-
Miller et al., 2011; Jay et al., 2010; Jay et al., 2014; Sacco, 2015).

Walruses are migratory; most animals move south into the Bering Sea with the advancing ice in
autumn, and north as the ice recedes in spring (Fay, 1981, 1982; Huntington, Nelson, and
Quakenbush, 2012). The spring migration usually begins in April, with most walruses moving north
through the Bering Strait by late June. In the summer, most of the females and juveniles move to
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either the western Chukchi Sea near the Wrangel and Herald islands, or the eastern Chukchi Sea near
Hanna Shoal, and several thousand (primarily adult males) aggregate and remain in the Gulf of
Anadyr and in Bristol Bay. Limited numbers of walruses inhabit the Beaufort Sea during the open
water season, and they are considered rare east of Point Barrow (Sease and Chapman, 1988).

Pacific walruses summering on the Russian side of the Chukchi Sea have historically used terrestrial
haulouts on the Chukotka peninsula. Small haulouts have also historically occurred along the U.S.
Chukchi Sea coast (Robards and Garlich- Miller, 2013). No terrestrial haulout sites occur in the
Beaufort Sea.

Most walrus sightings in the Beaufort Sea are west of Cape Halkett, but walruses have been observed
as far east as Kaktovik and the Canadian border (Funk et al., 2010; LGL, JASCO, and Greenridge,
2013). Walruses in the Beaufort Sea are most frequently found near the southern margins of the pack
ice, although in recent years of reduced ice cover, the majority of individuals reported by industry
monitoring have been more than 9 miles from the edge of the main pack ice in waters less than 164
feet deep (Funk et al., 2010; Jankowski, Patterson, and Savarese, 2009). Walruses have occasionally
been documented in and near Beaufort Sea oil and gas infrastructure; walruses have hauled out on
Northstar Island and Endicott Causeway and have been recorded in the waters around the Endicott
and West Dock causeways (Streever and Bishop, 2014; USFWS, 2011).

3.2.4.10.7 Life History

Reproduction. Walruses have the lowest rate of reproduction of any pinniped species (Fay, 1982).
Although male walruses reach puberty at 6 to 7 years of age, they are unlikely to successfully
compete for females until they reach full body size at 15 years of age or older (Fay, 1982; Fay et al.,
1984). Female walruses attain sexual maturity at 4 to 7 years of age (Fay, 1982; Garlich-Miller,
Quakenbush, and Bromaghin, 2006).

Mating occurs primarily in January and February in broken pack-ice habitat in the Bering Sea.
Breeding bulls follow herds of females and compete for access to groups of females hauled out onto
sea ice. Females typically give birth to a single calf in May the following year shortly before or
during the spring migration (Fay, 1982). Mothers and newborn calves stay on ice floes until calves
develop sufficient energy reserves for thermoregulation. The calf is closely attended by the cow, and
typically nurses for 1 to 2 years (Fay, 1982). Ovulation may be suppressed until the calf is weaned,
raising the birth interval to 3 years or more (Garlich-Miller and Stewart, 1999). The low birth rate of
walruses is offset in part by considerable maternal investment in offspring (Fay et al., 1997).

Molt. Adult walruses have a short, sparse, tawny pelage, and molt annually during the summer
months (June through August) (Fay, 1982).

3.2.4.10.8 Diet

Pacific walruses are considered benthic specialists but consume a wide variety of prey species.
Stomachs of some walrus included over 60 benthic invertebrate genera (e.g., Bluhm and Gradinger,
2008; Fay et al., 1984; Sheffield and Grebmeier, 2009). Bivalves, gastropods, and polychaete worms
are the dominant prey groups (Sheffield and Grebmeier, 2009). Male and female walruses consumed
essentially the same prey types (Sheffield and Grebmeier, 2009; Seymour, Horstmann-Dehn, and
Wooller, 2014b), despite seasonal sexual segregation in foraging areas during summer months.
Walruses will also consume other prey types including seabirds and ice seals. This is hypothesized to
occur opportunistically although traditional ecological knowledge suggests that some individuals
preferentially pursue higher trophic level prey.

3.2.4.10.9 Mortality

The continuing loss of sea ice habitat and harvest levels are likely the biggest stressors on the Pacific
walrus population (Jay, Marcot, and Douglas, 2011).
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Predation. Polar bears prey on walrus calves, and killer whales (Orcinus orca) have been observed
killing all age classes of walruses. Predation levels are thought to be highest near terrestrial haulout
sites where large aggregations of walruses can be found; however, few observations exist for off-
shore environments. FWS currently does not consider predation to be a significant stressor on the
Pacific walrus population (Garlich-Miller et al., 2011).

Harvest. Historically, Pacific walrus was hunted commercially throughout its range. Commercial
harvest ceased in the U.S. in 1941 with the passage of the U.S. Department of Commerce regulation
(1937) and the “Walrus Act” in 1941 (USFWS, 1994). Commercial harvest in Russia ended in 1991
as a result of economic collapse of the industry (Garlich-Miller and Pungowiki, 1999). Currently,
walrus hunting in Alaska and Chukotka is restricted to subsistence harvest by indigenous peoples.
Pacific walruses have been hunted by coastal Natives in Alaska and Chukotka for thousands of years.
The FWS, in partnership with the Eskimo Walrus Commission (EWC), the Association of Traditional
Marine Mammal Hunters of Chukotka, and the Qayassig Walrus Commission, administered
subsistence harvest monitoring programs in Alaska and Chukotka in 2006 through 2010. Harvest
mortality over this timeframe is estimated at 3,828 to 6,119 walruses per year (USFWS, 2014). This
mortality estimate includes corrections for underreported harvest and struck and lost animals.

Injury. Disturbance events can cause walruses to stampede into the water, resulting in miscarriages,
injuries, and mortalities (Garlich-Miller et al., 2011; Fischbach, Monson, and Jay, 2009; USFWS,
2014). The risk of stampede-related injuries increases with the number of animals hauled out. Calves
and young animals at the perimeter of these herds are particularly vulnerable to trampling injuries
(Fischbach, Monson, and Jay, 2009; Udevitz et al., 2013). Injuries can also result from tusk strikes,
which are common in both sexes and all age classes but are most prevalent on males during the
breeding season (USFWS, 2015¢c).

Alaska Native hunters from St. Lawrence Island have described walruses becoming emaciated after
becoming entrapped in heavy ice. It is probable that in some instances those walruses starve to death
but no western science documentation of such events exists (USFWS, 2015c¢). Rock slides are a
hazard to walruses on terrestrial haulouts and occasionally result in mortality (USFWS, 2015c). They
have also tumbled down steep slopes and fallen off cliffs at some haulouts (USFWS, 2015c).

Injuries and mortalities from fisheries interactions appear to be rare; the mean number of observed
mortalities during 2006 through 2010 was one walrus per year (with a range of 0 to 3 individuals)
(USFWS, 2014). The FWS considers commercial fisheries related mortality to be insignificant
because it is less than 1 percent of PBR (USFWS, 2014).

3.2.4.10.10 Climate Change

Most Pacific walruses remain in the Chukchi and Bering seas throughout their life. Only a few
individuals or small groups move into the Beaufort Sea during summer months. For this reason, the
direct and indirect effects of climate change in the Beaufort Sea and the Proposed Action Area are
unlikely to have much of a numerical effect on the Pacific walrus population. With increasing sea ice
losses, more walrus terrestrial haulouts are likely to develop at points along the coastline of Alaska
and Russia. The increased use of coastal haulouts introduces risks such as predation by polar bears,
stampedes that crush individual walruses, and increased harassment from people. As the Pacific
walrus population becomes increasingly dependent on coastal habitats, interactions with humans
would likely increase as well.

Climate change may affect the Pacific walrus population by altering their distribution and possibly
increasing their presence in the Beaufort Sea. By the late 21% century, areas with favorable ice
conditions for breeding and calving would likely shift north, and then as projected losses of sea ice
during summer becomes more pronounced walrus reliance on coastal haulouts would probably
increase (Garlich-Miller et al., 2011). Such shifts in habitat use patterns could result in increased
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mortalities from disturbances and a reduced prey base near coastal haulouts. Ocean acidification
could also act to reduce the prey base for walruses throughout the Arctic, depending on the severity of
the changes. In addition, the spread of disease and parasites as a result of climate change through sea
ice loss has also been suggested as a potential threat to Arctic marine mammals, including Pacific
walruses, by emigration/immigration events, but the true potential for the spread of pathogens to
Pacific walruses from various vectors is inconclusive, and while these factors are expected to
eventually result in a population decline, the timeframe and magnitude remains speculative.

3.2.4.11 Polar Bear

In-depth descriptions of the status, distribution, life history, and survival of the polar bear populations
occurring in U.S. waters (in the Chukchi and Beaufort seas) are provided in the FWS Range-Wide
Status Review of the Polar Bear (Ursus maritimus) (Schliebe et al., 2006), the Polar Bear (Ursus
maritimus) 5-Year Review: Summary and Evaluation (USFWS 2017), and Biological Opinions
(USFWS, 2011, pages 20-27; USFWS, 2012, pages 46-49 and 66-71; USFWS, 2013, pages 15-18
and 27-32; USFWS, 2015a, Sections 3.3.3 and 4.4.5). The following text summarizes pertinent
information from the aforementioned documents, which are incorporated by reference, and includes
new scientific information when available.

3.2.4.11.1 Sound

Polar bears communicate through their body language, vocalizations, and scent markings (Owen et
al., 2015; Stirling and Derocher, 1990; USFWS, 2013; Wemmer, Von Ebers, and Scow, 1976). With
regards to hearing, one way young cubs (approximately 4 to 5 months old) can communicate with
female bears is by humming (Derocher, Van Parijs, and Wiig, 2010; Peters, Owen, and Rogers,
2007). The purpose of this vocalization is hypothesized to stimulate milk release from lactating
female bears (Peters, Owens, and Rogers, 2007). Hearing is also vital for successful prey capture.
Although polar bears primarily use their sense of smell while hunting, their hearing becomes essential
during the latter stages of hunting because at close distances sound propagates more rapidly than
scent (Cushing, Cushing, and Jonkel, 1988).

Presently, no hearing threshold criteria specific to polar bears exists. For management and impact
analysis purposes the otariid in-air functional hearing range of 100 Hz to 35 kHz is often used for
polar bears because of the anatomical similarities between the otariid ear and that of other carnivores
(Finneran and Jenkins, 2012). The U.S. Navy has assigned polar bears to the 20 Hz to 60 kHz boxcar
frequency range (a multi-species functional hearing range category used in their impact analyses)
(Ciminello et al., 2012). Research focused on collecting data that could be used to develop threshold
criteria is ongoing. Nachtigall et al. (2007) used electrophysiological methods to measure the in-air
hearing abilities of three anesthetized polar bears and found that the best sensitivity occurred in the
frequency range from 11.2 to 22.5 kHz.

Recently, Owen and Bowles (2011) used behavioral procedures to measure the in-air auditory
thresholds and hearing sensitivity of five female polar bears at frequencies between 125 Hz and 31.5
kHz. Results showed that the greatest sensitivity occurred between 8 and 14 kHz. Sensitivity declined
sharply between 14 and 20 kHz, suggesting an upper hearing range 10 kHz to 20 kHz lower than
small terrestrial carnivores (Bowles et al., 2008; Fay, 1988 in Owen and Bowles, 2011).

3.2.4.11.2 Vision

In addition to hearing, and olfaction, polar bears have well-developed vision, akin to that of other bear
species that aids in detection and capture of prey (Stirling, 1974 in Dehnhardt, 2002).
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3.2.4.11.3 Olfaction

Polar bears have a highly developed olfactory system that allows them to locate subnivean seal lairs
when foraging (Stirling, 1988) and detect scent markings left in the tracks of other bears (Owen et al.,
2015).

3.2.4.11.4 Population and Status

Of 19 formally recognized subpopulations (stocks) of polar bears, individuals from two stocks occur
in the U.S. Beaufort Sea. On May 15, 2008, the USFWS listed the polar bear as threatened throughout
its range (73 FR 28212, May 15, 2008). Consequently, the species has been designated a depleted
species under the MMPA (i.e., the species is below its optimum sustainable population level) [16
USC 1362(1)(c)]. The polar bear was listed as threatened largely due to the ongoing and projected
loss of sea ice habitat caused by climate change (73 FR 28212, May 15, 2008) and the USGS has
predicted that without changes in the rate of sea ice loss, polar bear habitat in Alaska will decline by
60 to 80 percent by the end of the 21% century (Durner et al., 2009). On December 7, 2010, FWS
published the final rule designating Critical Habitat in the Federal Register (75 FR 76086). The final
rule identifies geographic areas containing features considered essential for the conservation of the
polar bear. The FWS identified three areas or units as critical habitat that requires special
management or protection: barrier island habitat, sea ice habitat, and terrestrial denning habitat.
Barrier island habitat includes coastal barrier islands and spits along Alaska’s coast. It is used for
denning, refuge from human disturbance, access to maternal dens and feeding habitat, and travel
along the coast. Sea ice habitat is located over the continental shelf and includes water approximately
985 feet or less in depth. Terrestrial denning habitat includes lands within approximately 20 miles of
the northern coast of Alaska between the Canadian border and the Kavik River and within
approximately 5 miles and Utgiaqvik (formerly Barrow). Polar bears and their designated critical
habitat are protected from significant impacts caused by industrial activities through the BOEM
leasing stipulations and required operating procedures, as well as subsequent MMPA incidental and
directed take authorizations, and ESA consultations.

The most recent minimum estimate for the Southern Beaufort Sea (SBS) Stock of Polar Bears is
1,397 (90 percent Confidence Interval = 606 to 1,212; Coefficient of Variation = 0.106) (Bromaghin
et al., 2015). The SBS stock likely was overharvested prior to the passage of the MMPA in 1972
(Amstrup, Stirling, and Lentfer, 1986), but the population generally increased from 1972 through the
late 1990s (Amstrup, McDonald, and Stirling, 2001). Estimates by Regehr, Amstrup and Stirling
(2006) suggest that by the mid-2000s the SBS population had stabilized and possibly declined.
Recent analysis of data from 2001 through 2010 indicated that the SBS stock experienced a 25 to 50
percent decline in abundance from 2004 through 2006, likely due to poor foraging conditions and/or
lack of prey (Bromaghin et al., 2015; Stirling et al., 2008). The overall survival rate of adults and
young stabilized from 2008 to 2010, although survival rates of sub-adult bears continued to decline,
likely a residual effect of the poor nutritional conditions in previous years (Bromaghin et al., 2015).

The most recent estimate of the Chukchi/Bering Seas (CBS) Stock of Polar Bears is 2,000 bears
(Aars, Lunn, and Derocher, 2006; Lunn et al., 2002; Muto et al., 2017). This figure is based on
extrapolations from older den survey data from Wrangel Island, Russia. Observations of low cub
production and maternal denning on Wrangel Island in 2004 through 2013 suggest concern for
reductions in natural population growth of the CBS stock (Ovsyanikov, 2012 in IUCN, 2014a).
Concurrently, U.S. capture-recapture research conducted in spring of 2008 through 2011 indicated
that CBS animals have good body condition and reproduction, suggesting capacity for positive
population growth despite sea ice loss (Rode et al., 2014). Furthermore, human-caused removals,
particularly illegal harvest in Russia, are thought to be significantly lower than in the late 1990s
(IUCN, 2014a).
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3.2.4.11.5 Distribution

Although they are classified as marine mammals and are strong swimmers, polar bears rely
principally on sea ice to provide a substrate on which to roam, hunt, breed, den, and rest. They also
use terrestrial islands and coastal mainland habitats. Preferred habitats include both the active
seasonal ice zone that overlies the continental shelf and associated islands, and areas of heavy
offshore pack ice (Derocher et al., 2013; Durner et al., 2004, 2009; Schliebe et al., 2006). Bears often
travel great distances in search of prey and require large home ranges in order to meet foraging
requirements (Auger-Méthé, Lewis, and Derocher, 2015; Derocher et al., 2013). Some bears may be
observed swimming between offshore ice and the shoreline or barrier islands (Derocher et al., 2013;
Durner et al., 2011; Pagano et al., 2012).

The SBS stock is predominantly distributed throughout the Beaufort Sea off of the northern coast of
Alaska. The CBS is distributed throughout the Chukchi and Bering seas off of northwestern Alaska,
although bears from the CBS stock could be encountered in the Beaufort Sea because the distribution
of the two stocks overlap at their boundaries in the western Beaufort Sea and eastern Chukchi Sea
(USFWS, 2010a, 2010b).

The original eastern boundary of the SBS stock, shared by the U.S. and Canada, occurred south of
Banks Island and just east of the Baillie Islands, Canada (Amstrup et al., 2000). However, a new
eastern boundary, moved westward near the community of Tuktoyaktuk, Northwest Territories,
Canada (WMAC, 2011), is currently being implemented by the agencies that manage the stock
(USFWS, 2016). The western boundary for the SBS stock is near Icy Cape, Alaska (Amstrup et al.,
2004, Obbard et al., 2010).

The CBS stock is managed by the U.S. and the Russian Federation and this stock’s boundaries are
currently described differently by management and scientific organizations. The Agreement between
the United States of America and the Russian Federation on the Conservation and Management of the
Alaska-Chukotka Polar Bear Population describes the western boundary as the mouth of the Kolyma
River, Russia and its eastern boundary as a line extending north from Point Barrow, Alaska (Obbard
et al., 2010 in USFWS, 2016). The Polar Bear Specialist Group describes the northwestern boundary
as Chauniskaya Bay, in the East Siberian Sea, while the northeastern boundary is near Icy Cape,
Alaska (Obbard et al., 2010; USFWS, 2016).

The southern distribution of the CBS stock is determined by the southern edge of the pack ice
(Garner, Knick, and Douglas, 1990). The polar bear stocks are further classified as occurring in one
of four ecoregions (Amstrup et al., 2008). Both the CBS and SBS stocks belong to the Divergent Ice
Ecoregion which is characterized by the formation of annual sea ice that is transported towards the
polar basin.

During the open-water season the SBS population occurs more commonly along the coast and barrier
islands of the Beaufort Sea while the CBS population occurs mainly on Wrangel and Herald islands
and along the Chukotka (and to a lesser extent the U.S. Chukchi) coast (Derocher et al., 2013;
Kalxdorff et al., 2002; Kochnev, 2006; Kochnev et al., 2003; Ovsyanikov, 1998, 2003; Rode et al.,
2015; Stishov, 1991).

During the winter and spring, polar bears tend to concentrate in areas of ice with pressure ridges, at
floe edges, and on drifting seasonal ice at least 8 inches thick (Schliebe et al., 2006). In the winter, the
use of shallow water areas is greatest in areas of active ice with shear zones and leads (Durner et al.,
2004; Wilson et al., 2014). The use of landfast ice increases in the spring during the pupping season
of ringed seals, and multi-year ice is used in late summer and early autumn as the pack ice retreats to
its minimal extent (Derocher et al., 2013; Durner et al., 2004). Ringed seal pupping habitat is
especially important to females with cubs of the year because they preferentially select this habitat to
replenish their fat reserves immediately after they emerge from maternal dens (Derocher et al., 2013;
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Stirling and Lunn, 1997; Stirling et al., 1993). Adult males usually remain with multi-year ice during
late summer and early fall and rarely come ashore (Schliebe et al., 2006). SBS polar bears begin to
appear on the mainland and barrier islands in increasing numbers during the open-water period in
August when the pack ice can be very far from shore (Miller, Schliebe, and Proffitt, 2006; Schliebe et
al., 2008). Recent surveys (2010 through 2013) along the Alaska Beaufort Sea coast during August
through October have documented an average of 9, £2bears/62 miles (Atwood et al., 2015).

Prior to freeze-up in fall, large aggregations of polar bears may form at subsistence-harvested
bowhead whale carcass sites called bone piles, at Point Barrow, Barter Island, and Cross Island
(Atwood et al., 2015; Miller, Schliebe, and Proffitt, 2006; Miller, Wilder, and Wilson, 2015). Atwood
at al. (2015) calculated that after carcasses were added to the bone piles, 78 percent of all polar bears
observed during their aerial surveys were within 10 miles of the pile. The greatest percentage of bears
was documented near Barter Island (40 percent), followed by Cross Island (33 percent). With the
return of sea ice in the fall, polar bears become more widely dispersed across the sea ice. This
dispersal is not even; SBS bears concentrate on ice in shallow waters less than 185 feet deep over the
continental shelf and in areas with more than 50 percent ice cover (Durner et al., 2004, 2006, 2009;
Stirling, Lunn, and lacozza, 1999). Meanwhile, CBS individuals range south through the Bering Strait
(Schliebe et al., 2006; USFWS, 2010a; Voorhees and Sparks, 2012; Wilson et al., 2014).

Maternal dens are commonly located on pack ice in snow banks near pressure ridges or on land in
compacted snow drifts adjacent to coastal banks (barrier islands and mainland bluffs), river, or stream
banks. Dens are often also located at the edge of stable sea ice on the inshore side of barrier islands,
although an increasing number of SBS bears are denning on land (Fischbach, Amstrup, and Douglas,
2007). The main terrestrial denning areas for the Southern Beaufort Sea population in Alaska occur
on the barrier islands from Point Barrow to Kaktovik and along coastal areas up to 25 miles inland
including the Arctic National Wildlife Refuge to Peard Bay, west of Point Barrow (Amstrup and
Gardner, 1994; Amstrup, 2000; Durner, Amstrup, and Ambrosius, 2001, 2006). Approximately 63
percent of pregnant SBS bears rely on terrestrial habitat for maternal denning (Amstrup and Gardner,
1994; Fischbach, Amstrup, and Douglas, 2007). Denning of bears from the CBS stock occurs
primarily on Wrangel and Herald islands, and on the Chukotka coast in the Russian Federation.
Though maternal denning habitat is found on the western coast of Alaska, denning on land for the
U.S. portion of the CBS stock is not common (78 FR 35364, June 12, 2013). Female polar bears do
not show fidelity to specific den locations, but they tend to den on the same type of substrate, either
pack ice or land, from year to year and may return to the same general area to den (Amstrup and
Gardner, 1994; Schliebe et al., 2006; Fischbach, Amstrup, and Douglas, 2007). The USGS Alaska
Science Center maintains a catalogue of polar bear den locations including records from USGS and
FWS surveys, other research activities, and anecdotal reports from other government agencies, coastal
residents, and industry personnel (Durner et al., 2010).

The FWS designated critical habitat for the polar bear (75 FR 76086) on December 7, 2010. The U.S.
District Court for the District of Alaska issued a decision to the Service on January 11, 2013, which
vacated and remanded the final rule on polar bear critical habitat in Alaska Oil and Gas Association et
al. v. Salazar et al. (D. Alaska) (3:11-cv-00025-RRB). On February 29, 2016, the Ninth Circuit Court
of Appeals upheld the final polar bear critical habitat rule on all points. The critical habitat includes
barrier island habitat and sea ice habitat (both described in geographic terms), and terrestrial denning
habitat (a functional determination). Barrier island habitat consists of coastal barrier islands and spits
along Alaska’s coast, and is used for denning, refuge from human disturbance, and travel to mainland
maternal denning habitat and offshore maternal denning and foraging habitats. Sea ice habitat is
located over the continental shelf, and includes water approximately 984 feet or less in depth.
Terrestrial denning habitat includes lands within approximately 20 miles of the northern coast of
Alaska between the Canadian border and the Kavik River, and within approximately 5 miles between
the Kavik River and Point Barrow (75 FR 76086).
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Polar bears are expected to use the Proposed Action Area. In the ice-covered season pregnant females
could use the surrounding coastal areas for maternal denning. Non-denning bears (males and females)
could use the area to hunt and as a travel corridor. In the open-water season most bears in the
Proposed Action Area will be found on the barrier islands or the coastline. During long-term
ecological monitoring by BPXA between 2000 and 2013, the mean number of bear sightings reported
annually (excluding repeat reports) for the Endicott Satellite Drilling Island and Liberty Unit was 42,
but varied from 8 to 158 reports per year (Streever and Bishop, 2014). The number of sightings
reported annually was influenced by the number of personnel present, and type and duration of
activity conducted in a given year. As such, direct comparison among years is not possible; however,
across all of its oil fields BPXA has identified a general upward trend in the number of annual
sightings of polar bears on land (Streever and Bishop, 2014). The highest concentration of polar bears
near the Proposed Action Area occurs on land during the open-water period, when some polar bears
enter the coastal environment as they abandon melting sea ice to search for food on/near land (e.qg.,
whale carcasses), or search for suitable den sites (pregnant females). Aerts et al. (2008) recorded 9
sightings of a total of 10 polar bears in Foggy Island Bay during open-water seismic surveys (July 15
to August 25, 2008). More polar bears were observed on ice or land (60 percent) than swimming in
the water (40 percent) (Aerts et al., 2008). During spring 2013 geotechnical investigations in Foggy
Island Bay conducted for the Proposed Action, the tracks of one adult bear and one sow/cub pair were
reported; however, no polar bears were sighted in the Proposed Action Area during the 2013 winter
geotechnical investigations, nor were any seen during 2013 annual monitoring of the Proposed Action
Area conducted by BPXA (BPXA, 2013a, 2013b). No polar bears were observed during the 2014
Liberty open-water season geohazard and seafloor mapping surveys (Smultea et al., 2014).

3.2.4.11.6 Life History

Survival. Polar bears are long-lived mammals and in large part are not known to be susceptible to
disease, parasites, or injury. The oldest documented female polar bear in the wild was 32 years old
and the oldest documented male was 28, though few polar bears in the wild live to be older than 20
(Stirling, 1990). Survival rates vary by age class and increase with age up to approximately 20 years
of age (Schliebe et al., 2006). Polar bears are well adapted for thermoregulation in the Arctic, using a
fat layer, insulative fur, and specialized hide to maintain a core temperature that is comparable to
mammals found in temperate climates (Stirling, 1988).

Reproduction. Polar bears are characterized by a late age of sexual maturity, small litter sizes, and
extended parental investment in raising young — factors that combine to contribute to a very low
reproductive rate (Schliebe et al., 2006). Reproduction in the female polar bear is similar to that in
other ursids. They enter a prolonged estrus between March and June, when breeding occurs (Schliebe
et al., 2006; Stirling, Spencer, and Andriashek, 2016). The peak of breeding season appears to be
from early April through mid-May. Observations and bloodwork analyses indicate that during the
breeding period mating pairs as well as reproductively-mature but unpaired males spend very little
time hunting, although in mating pairs the female spends a significantly greater proportion of time
hunting than do males (Stirling, Spencer, and Andriashek, 2016). Implantation of the embryo is
delayed; the timing is linked to day length in autumn (Lgng, 1970 in Stirling, Spencer, and
Andriashek, 2016). Total gestation is 195 to 265 days (Uspenski, 1977 in Schliebe et al., 2006),
although during most of this time, active development of the fetus is suspended. The timing of
implantation, and therefore the timing of birth, is likely dependent on body condition of the female,
which depends on a variety of environmental factors including availability of seal prey (Schliebe et
al., 2006). Bears in the Beaufort Sea usually reach reproductive maturity at 5 years old (Lentfer and
Hensel, 1980; Stirling, Pearson, and Bunnell, 1976).

Polar bears typically enter dens in the fall, give birth, and remain in or near their dens until they leave
with their cubs in March or April. Only pregnant females den for an extended period during the
winter; other polar bears may excavate temporary dens to escape harsh winter conditions, but
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otherwise remain active year-round (Amstrup, 2003). Some pregnant females construct and enter
natal dens in October, but most do so in mid- to late November (Amstrup and Gardner, 1994). Birth
occurs typically in late December or early January, and mothers and cubs emerge from natal dens in
late March or April (Amstrup and Gardner, 1994; Amstrup, 2000; Smith et al., 2007). Researchers
monitored den emergence and abandonment along the Beaufort Sea coast in or near the Prudhoe Bay
area from 2000 to 2013 (Streever and Bishop, 2014). On average, over the 13 years of this study,
female bears emerged from their dens on March 16 (SD = £8.8 days) and stayed at den sites until
March 23 (SD = %9 days). After this initial emergence, bear families remained at the den site for
periods ranging from 1 to 18 days, with an average stay of 6.5 days (Streever and Bishop, 2014).

Litter size and litter production rate vary by geographic area and are expected to change with
population size relative to carrying capacity (Schliebe et al., 2006). Furthermore, litter size may
change in response to hunting pressure, environmental factors, and other population perturbations.
Litters of two cubs are most common (Schliebe et al., 2006). Litters of three cubs are seen
sporadically across the Arctic (Ramsay and Stirling, 1988; Derocher and Stirling, 1992). The average
litter size encountered during multiple studies throughout the range of polar bears varies from 1.4 to
1.8 cubs (Schliebe et al., 2006). Newborn polar bears weigh approximately 1.3 Ibs (Blix and Lentfer,
1979) and are completely dependent on their mother for survival. Cubs grow rapidly, and may weigh
22 10 26.4 Ibs by the time they emerge from the den in the spring. Survival of cubs is dependent on
their weight when they exit dens (Derocher and Stirling, 1992). Most cub mortality occurred early in
the period after emergence from the den (Amstrup and Durner, 1995; Derocher and Stirling, 1996).
Young bears will stay with their mothers until weaning, which occurs most commonly in early spring
when the cubs are 2.3 years of age (Schliebe et al., 2006). Female polar bears are available to breed
again after their cubs are weaned. Therefore, in most areas, the minimum successful reproductive
interval for polar bears is 3 years.

3.2.4.11.7 Diet

Polar bears are upper level predators in the Arctic marine ecosystem, preying primarily on ringed
seals, and to a lesser extent on bearded and spotted seals (Pilford, 2014; Rogers et al., 2015; Schliebe
et al., 2008; Smith, 1980; Allen and Angliss, 2013). They will also capture and consume larger prey
such as walruses, belugas, caribou, and narwhals (Derocher, Andriashek, and Stirling, 1993; Gaston
and Elliott, 2013; Rode et al., 2015; Stempniewicz, 1993) and will opportunistically forage on birds,
eggs, and coastal plants (Derocher, Andriashek, and Stirling, 1993; Gaston and Elliott, 2013; Rode et
al., 2015; Stempniewicz, 1993). Carrion, most notably the remains of subsistence-harvested bowhead
whales at bone piles at Barter Island, Cross Island, and Point Barrow, are an increasingly important
food source, particularly for SBS polar bears. The use of whale carcasses as a food source likely
varies among individuals and years. Stable isotope analysis of polar bears in 2003 and 2004 suggested
that bowhead whale carcasses comprised 11 to 26 percent (95 percent CI) of the diets of sampled
polar bears in 2003, and 0 to 14 percent (95 percent CI) in 2004 (Bentzen et al., 2007). More recently,
stable isotope analysis and telemetry data suggest an emerging alternate foraging strategy among SBS
adult female polar bears: a subset of bears remained in close proximity to the coast and relied heavily
on bowhead whale carcasses while the other portion continued to follow a more traditional strategy,
foraging widely on the sea ice for ringed and bearded seals (Rogers et al., 2015). With anticipated
continued declines in summer sea ice habitat and potential adverse consequences to ringed seal
populations, polar bear reliance on bowhead whale bone piles may increase (Miller, Wilder, and
Wilson, 2015; Overland and Wang, 2013).

3.2.4.11.8 Mortality

The primary threat to polar bears is loss of its sea ice habitat, driven by global climate change. Other
sources of mortality are discussed below.
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Predation. In general, polar bears have no natural non-human predators; however, cannibalism by
adult males on cubs and occasionally on adult bears is known to occur (Amstrup et al., 2006;
Derocher and Wiig, 1999; Stirling and Ross, 2011; Taylor, Larsen, and Schweinsburg, 1985). While
grizzly bears are increasingly common at bone piles in the Beaufort Sea and recent observations at
these bone piles indicate that grizzlies are socially dominant, this dominance is asserted without
aggression and intraspecies predation at these aggregations have not been recorded in the U.S.
Beaufort Sea (Miller, Wilder, and Wilson, 2015).

Harvest. Historically, polar bears have been harvested for subsistence, handicrafts, and recreational
hunting. Since the enactment of the MMPA in 1972, polar bear harvest is only allowed for Alaska
Native hunters living in coastal communities. This exception allows for the taking of polar bears for
subsistence and making of handicrafts provided that the harvest is not conducted in a wasteful
manner. The annual harvest from the SBS population was 39 per year in the 1980s, 33 per year in the
1990s, and 32 per year in the 2000s (USFWS, 2010b). More recently for the 10-year period of 2006
through 2015, an average of 19 bears per year were removed from the U.S. portion of the SBS stock
(USFWS 2017). The annual harvest from the CBS stock was 92 per year in the 1980s, 49 per year in
the 1990s, and 43 per year in the 2000s (USFWS, 2010a). From 2006 to 2015, an average of 30 bears
per year were removed from the U.S. portion of the CBS stock which was estimated relative to the
boundary near Icy Cape, Alaska, as recognized by the Polar Bear Specialist Group (Obbard et al.,
2010). From 2010 to 2011, the annual illegal harvest was estimated at 32 bears per year in Russia,
although harvest in Russia is hard to record and quantify (Kochnev and Zdor, 2015). Current removal
levels for the CBS are thought to be significantly lower than in the late 1990s (IUCN, 2014a). The
FWS has determined that human-caused removals, including subsistence harvest and lethal take for
the protection of human life and property, are not a threat to the persistence or recovery of SBS and
CBS polar bears as long as removal occurs at a sustainable rate that has only a small or negligible
effect on the persistence of the populations (Atwood et al., 2015a; Regehr et al., 2015; USFWS,
2016).

3.2.4.11.9 Climate Change

As described in Section 3.1.6, climate change is expected to result in longer open-water periods,
decreased sea ice formation, and increased sea ice losses, which is the primary threat to polar bears.
The FWS found polar bear sea ice habitat is declining throughout the species’ range, and the sea ice
losses are expected to continue for the foreseeable future (Federal Register, 2008). The FWS (Federal
Register, 2008) determined the SBS and CBS polar bear stocks, as part of the “threatened” polar bear
population, are not currently in danger of extinction, but they are likely to become so in the
foreseeable future.

Presently, the SBS stock is currently experiencing the effects of changes in sea ice conditions (Rode
et al., 2007; Regehr et al., 2007; Hunter et al., 2007; Rode et al., 2014; Bromaghin et al., 2015). The
population is vulnerable to large-scale dramatic seasonal fluctuations in ice movements, decreased
abundance and access to prey, and increased energetic costs of hunting. Polar bears of the CBS stock
do not seem to be responding to sea ice loss the same way as other populations are responding, such
as the SBS stock, as CBS bears appear to be in good body condition and exhibit stable cub production
(Rode et al., 2014).

New data continues to support that the global threat of habitat loss identified in the 2008 listing
decision remains (USFWS, 2017). The FWS (2017) reported that sea ice continues to rapidly thin and
retreat throughout the Arctic and currently there is no regulatory mechanism in place on the national
or international level to address this threat. Wiig et al. (2015) reported that Arctic sea ice loss has
progressed faster than most climate models have predicted (Stroeve et al., 2007). For example, NCEI
(2015) reported that the year 2015 was the warmest year since records have been kept (1880 to 2015).
The FWS (2017) concluded that climate change effects on sea ice and polar bears and their prey
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would very likely continue for several decades or longer unless greenhouse gases in the atmosphere
can be held at suitable levels, primarily by reducing greenhouse gas emissions. The FWS continues to
support the status of “threatened” under the ESA as bears continue to rely heavily on sea ice for
essential life functions and Arctic warming is contributing to the continued loss of sea ice (USFWS,
2017).

3.2.5 Terrestrial Mammals

While several species of rodents and other small mammals, particularly furbearers, occur along
Alaska’s North Slope, none of them have been identified as species of particular social or economic
concern. For this reason they shall not be discussed further in in this document.

3.2.5.1 Caribou

3.2.5.1.1 Population and Status

Caribou herds on the North Slope and in the area of effect of the Proposed Action include the
Western Arctic Caribou Herd (WAH), the Central Arctic Caribou Herd (CAH), the Porcupine
Caribou Herd (PCH), and the more sedentary Teshekpuk Lake Caribou Herd (TCH) (Figure 3-29).
The WAH has declined by 4 to 6 percent annually between 2003 and 2013. An area-wide survey of
caribou herds conducted by ADF&G in 2013 counted 235,000 caribou in the WAH (Dau, 2015), a
decline of around 27 percent since the time of the last estimate (325,000) conducted in 2011
(ADF&G, 2014b; Parrett, Dau, and Nedwick, 2014; Dau, 2011). Likewise, the TCH and CAH
populations changed from 2011 estimates of 55,000 and 67,000, respectively (Parrett, 2011; Parrett
2015; Lenart, 2013a), to 32,000 (42 percent decline) and 22,630 (66 percent decrease) (ADF&G
2017; Parrett, Dau, and Nedwick, 2014).

Caribou occur in the Canadian Arctic with two herds, the Cape Bathurst and Tuktoyaktuk Caribou
and reindeer herds occupying habitat that could be affected by the Proposed Action but only in the
event of a very large spill. Of the two Canadian herds, the Cape Bathurst Caribou Herd (CBH) is
larger numbering between 16,000 to 22,000 individuals (Davison et al., 2014; Northwest Territories
2015a). Caribou and reindeer have formed a small herd on the Tuktoyaktuk Peninsula (TPH)
numbering 1,700 to 2,556 animals (Davison et al., 2014; Northwest Territories 2015b).

3.2.5.1.2 Distribution

Calving Areas

Spring migration of female caribou who are about to give birth from the overwintering areas to the
calving grounds begins in late March and is correlated with the disappearance of snow cover
(Hemming 1971; Bergerud, 1974). Often the most direct routes are used; however, certain drainages
and routes probably are used during calving migrations, because they tend to be corridors free of
snow or with shallow snow (Lent, 1980). Severe weather and deep snow can delay spring migration,
with some calving occurring en route (Bergerud, 1974; Carroll et al., 2005). Cows calving en route
usually proceed to their traditional calving grounds (Hemming, 1971).

The evolutionary significance of the establishment of the calving grounds may relate directly to the
avoidance of predation on the caribou calves, particularly predation by wolves (Bergerud, 1974,
1987). Caribou calves are very vulnerable to wolf predation, as indicated by the documented account
of surplus predation by wolves on newborn calves (Miller, Gunn, and Broughton, 1985). By
migrating north of the tree line, caribou leave the territories of most wolf packs, which mostly overlap
with caribou winter ranges or in the mountain foothills or along the tree line during the wolf-pupping
season (Heard and Williams, 1991; Bergerud, 1987). By calving on the open tundra, the female
caribou also avoid ambush by other predators such as bears and wolverines. Furthermore, the
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selection of snow-free patches of tundra on calving grounds helps to camouflage newborn caribou
calves from other predators that hunt by sight, such as golden eagles (Bergerud, 1974, 1987).

The sequence of the spring migration, first by parturient females, then by males, non-parturient
females, and yearlings, is believed to be a strategy for optimizing the quality of forage as it becomes
available with snowmelt on the Arctic tundra, and possibly to alleviate competition between
parturient females and other caribou for forage resources during the calving season (Whitten and
Cameron, 1980; Griffith et al., 2002). Within days of calving, female caribou collect their offspring
and form into herds to shift to summer ranges for grazing (Bergerud, 1974).

Summer Range. Non-parturient caribou migrate to or near calving areas in spring, and remain on the
move throughout the summer months seeking nutritious forage so that they can fatten-up in
preparation for the next winter. Shortly after calving, females with calves form up herds with each
other and with other individuals, and begin moving across the landscape, most likely as a defense
against predation and insect harassment (Bergerud, 1974; Helle and Aspi, 1983), and possibly to
reduce levels of parasitic infestations (Folstad et al., 1991).

Insect Relief Areas. During the post-calving period in July through August, caribou generally attain
their highest degree of aggregation into large herds of animals, sometimes in excess of tens of
thousands (Lawhead, 1997). During the summer months, caribou use various upland, windy, and
coastal habitats, sandbars, spits, river deltas, and some barrier islands, for relief from insect pests,
which reduce foraging efficiency and increase physiological stress (Reimers, 1980). Helle and Aspi
(1983) postulated herd formation by caribou is used as a defense against insect harassment by
reducing the seriousness of the effects on individual animals, in spite of the obvious increase in
intraspecific competition for forage among the caribou.

Winter Range. Bergerud (1974) noted the role of photoperiod (period of time each day during which
an organism receives illumination) on hormone production in caribou which in turn make individual
animals restless with a tendency towards larger aggregations. Heavy snowfall is the final stimulus
needed to encourage caribou herds to migrate to wintering areas (Bergerud, 1974). The movement
and distribution of caribou over the winter ranges reflects their need to avoid predators and their
response to weather conditions (snow depth and density), which greatly influence the availability of
winter forage (Roby, 1980; Ferguson and Messier, 2000; Henshaw, 1968; Bergerud, 1974; Bergerud
and Elliot, 1986). Consequently, the numbers of caribou using a particular portion of the winter range
are highly variable from year to year (Davis, Valkenburg, and Boertje, 1982; Fancy et al., 1990, as
cited in Whitten, 1990).

Description of the Environment 3-111



Liberty Development and Production Plan Final EIS BOEM

Shoal Beaufort Sea
Herakd
Shoal
Kl ipla el
Bird Sancisan
% \
Qv
‘% e
Northwest
Territories
& DN
" United States 7 Car{;da
! Ukon
_ Alaska 1 Territory
- !
| Naska
* | g
. )

L,r\/ ',‘ R B8 v s Map Location
Central Arctic Caribou Herd (CAH), and Western Arctic Caribou Herd (WAH) Ranges. BO‘EM
Il c4H Catving WAH Calving Grounds m WAH Peripheral Ranges e O o e
[Z4 car summr Range WAH Summer Range

| CAH Winter Range m] WAH Migration Area
m WaH Wintering Ranga Source Daw o 2006
Hagy ot o, 2 2 USPWS 2

Figure 3-29 Western Arctic and Central Arctic Caribou Herd Habitats
Western Arctic Caribou Herd (WAH)

The WAH ranges over approximately 157,000 square miles of northwestern Alaska (Dau, 2013).
During spring, most parturient cows travel north toward the calving grounds in the Utukok Hills,
while bulls and nonmaternal cows move to the Wulik Peaks and Lisburne Hills (Figure 3-29). During
the post-calving period, maternal cows and calves travel southwest toward the Lisburne Hills where
they mingle with bulls and nonmaternal cows. During summer, WAH caribou move east through the
Brooks Range. In late summer, most bulls become relatively sedentary in the upper Noatak—Nigu
river area while most cows disperse back onto the coastal plain. Most caribou from this herd are more
dispersed during fall than at any other time of year as they migrate to winter ranges lying on the
Seward Peninsula and the Kobuk and Koyukuk river drainages. In some years, a relatively small
proportion of this herd also winters near Point Lay.

Central Arctic Caribou Herd (CAH)

The CAH migrates between summering and calving areas on the Arctic coastal plain and wintering
areas south of and in the Brooks Range. Figure 3-29 shows the two calving areas for this herd mostly
occur between the Colville and Kuparuk rivers, and between the Sagavanirktok and Canning rivers.
The actual areas used would vary between years due to access to forage and weather, etc.

Caribou from the CAH live in an area that generally lacks topographical features providing any
significant insect relief. Instead these caribou move to coastal areas that are cooler and windier to
escape the biting insects. On many occasions these caribou wade and sometimes swim out into
coastal lagoons to escape the insect pests, and small groups of caribou are sometimes encountered on
barrier islands in the Beaufort Sea. The CAH caribou use areas nearest the Proposed Action,
including their eastern calving area that lies adjacent to and south of Stefansson Sound, Alaska.
Consequently, caribou from the CAH are much more likely to be encountered or disturbed by the
Proposed Action than caribou from any other caribou herd in Alaska or western Canada.
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Figure 3-30 Teshekpuk, Porcupine, Tuktoyaktuk, and Cape Bathurst Caribou Herd Ranges
Teshekpuk Lake Caribou Herd (TCH)

Archeological and traditional knowledge suggest that caribou have been abundant near Teshekpuk
Lake for at least the last 400 years (Silva et al., 1985). Based on a calving distribution that was
geographically distinct from the adjacent WAH and CAH, the TCH was first identified as a distinct
herd in 1978 (Davis and Valkenburg, 1978). The TCH primarily inhabits the central coastal plain
north of the Brooks Range during spring and summer, but has a large historical range, encompassing
wintering areas across northwestern Alaska (Figure 3-30).

Members of the TCH generally aggregate close to the coast for insect relief. Some small groups,
however, gather in other cool, windy areas such as the Pik Dunes located about 19 miles south of
Teshekpuk Lake (Hemming, 1971; Philo, Carroll, and Yokel, 1993).

Porcupine Caribou Herd (PCH)

In spring the PCH migrates from winter ranges to the northern slope of the Brooks Range to calve in
an area that extends from the foothills to the coastline, and from around the Canning River in Alaska
into the Yukon Territory (Figure 3-30). After calving, the PCH rapidly assembles into herds
sometimes numbering into the thousands to wander across their summer range, feeding, and rearing
their calves.

Caribou from the PCH are subject to mosquito harassment from mid-June into August, and oestrid fly
harassment from mid-July to late August. To escape biting insects, caribou usually move from inland
feeding areas to windswept, vegetation-free upland and coastal areas, such as sandbars, spits, river
deltas, and barrier islands (USDOI, MMS, 1987). Caribou encountered on barrier islands occur in
small groups numbering 20 animals or less. The primary coastal insect relief areas for WAH caribou
occur between Kivalina Lagoon and Point Lay, while the TCH uses coastal insect relief areas
between Point Barrow and the Colville River, and the CAH periodically uses coastal insect relief
areas between the Colville River and western Camden Bay (NOAA, 2003, 2005).
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Tuktoyaktuk Peninsula Caribou Herd (TPH)

The TPH is found on the northern half of the Tuktoyaktuk Peninsula in Canada’s Northwest
Territories. It has been suggested this herd reoccupied the range after domestic reindeer were
removed from the peninsula, and crossbreeding between these caribou and reindeer may have
occurred (Northwest Territories, 2015b) as has occurred elsewhere. The TPH lives an existence that is
mostly sedentary when compared to the PCH or WAH, mostly remaining on the Tuktoyaktuk
Peninsula year-round (Figure 3-30).

Cape Bathurst Caribou Herd (CBH)

The CBH migrates from their wintering grounds to their calving areas in the northern regions of Cape
Bathurst. After calving, they generally move to the tip of Cape Bathurst before shifting to summering
ranges directly to the south. Eventually, as fall and winter approach, these caribou move to their
winter ranges in the lower Tuktoyaktuk Peninsula and the areas east and south of the southern
Tuktoyaktuk Peninsula (Figure 3-30).

3.2.5.1.3 Life History

Caribou begin breeding at about 28 months of age, though females in very good physical condition
have bred as early as 16 months (ADF&G, 2015). Calving takes place in the spring, generally from
late May to late June en route to or at the calving grounds (Bergerud, 1974; Hemming, 1971).
Typically, most pregnant cows reach the calving grounds by late May, where they give birth from the
time of arrival into early June. Calving is synchronized with the timing of plant growth such that
parturient females have access to fresh, nutritious vegetation when it is most needed (Post et al.,
2003); however, an added advantage to synchronized calving is that predators hunting caribou calves
are inundated or “swamped” by the sheer number of calves, limiting the window of opportunity for
predators to kill and consume newborn caribou calves (ADF&G, 2015).

Within days of birth, caribou cows with their calves form into herds and by mid-June commence
wandering across the Brooks Range foothills and the ACP. These sometimes large aggregations aid in
escaping predators and insects (Bergerud, 1974; Dau, 2005; ADF&G, 2015) and possibly reduce the
risk of parasitic infestations (Folstad et al., 1991). During summer, caribou continue moving over
their summer rangelands feeding to put on fat and muscle mass for winter survival, and also
encourage gestation as applicable (Bergerud, 1974; Adams, 2003; Gerhhart et al., 1996).

As the fall season sets in and day length decreases, the loss of daylight elicits hormonal changes in
individual animals making them restless and more gregarious, and they shed the velvet from their
antlers (Bergerud, 1974; ADF&G, 2015). With the first heavy snowfall, these caribou commence
their fall migration from their summer ranges to winter ranges shown in Figure 3-29 and Figure 3-30.

The rut occurs sometime in October, after the fall migrations, and caribou bulls battle for the right to
breed for the next 3 to 4 weeks (Maier and White 1998; ADF&G, 2015). Most fights between bulls
are brief, though some can become violent, and caribou bulls are often injured or killed outright
(ADF&G, 2015). After the rut ends bulls shed their antlers; however, females and small bulls
typically retain their antlers until sometime in April, and pregnant females even into early June
(ADF&G, 2015).

3.25.1.4 Diet

The caribou diet shifts from season to season and depends on the availability of forage. In summer
(May through September), caribou eat the leaves of willows, sedges (grasslike plants), flowering
tundra plants, and mushrooms. Caribou calves especially depend on cotton-grass (Eriophorum spp)
for nutrition. Leafy shrubs (especially willows) are the predominant forage during the post-calving
period (Lent, 1966; Thompson and McCourt, 1981; Eastland, Bowyer, and Fancy, 1989). The
availability of sedges during spring, which depends on temperature and snow cover, likely affects
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specific calving locations and calving success rates. After insect numbers drop in August, caribou
disperse to feed on willows and mushrooms to regain weight.

In fall and winter most caribou herds switch to lichens (Cladina and Claytonia spp. mostly), sedges
(grasslike plants), and small shrubs (Arctic willow, blueberry, etc.) (ADF&G, 2015). Less migratory
herds, such as the TCH which winters where relatively few lichens are present, may consume more
sedges and vascular plants and less lichen and willow than migratory herds like the WAH or PCH.
Similarly, the CBH at Cape Bathurst relies more on lichens and less on graminoids and willows
(Parrett, 2007). After winter, caribou shift their diet back to vascular plants such as cotton-grasses
(Eriophorum spp.), other sedges, grasses, willows, forbs, etc. (Lent, 1966; Thompson and McCoulrt,
1981).

3.2.5.1.5 Mortality

The primary predators of caribou are wolves; grizzly bears, and golden eagles, and wolverines vary in
prominence as conditions dictate (Bergerud, 1983; ADF&G, 2015; Créte and Manseau, 1996; Young
et al., 2002; Johnson et al., 1996). Caribou in Alaska are also affected by brucellosis (Neiland et al.,
1968), and other microbial pathogens (Zarnke, 1983), as well as parasites (Folstad et al., 1991).
Approximately 15,791 caribou from the WAH (Dau, 2013), 1,850 from the PCH (Caikoski, 2013),
3,386 from the TCH (Parrett, 2013), and 1,129 from the CAH (Lenart, 2013a) were harvested for
subsistence and recreational hunting in Alaska during 2011.

3.2.5.1.6 Climate Change

In recent years, shrubs and trees have been observed growing in places where they previously did not
exist; the potential for shrub and tree encroachment into the Arctic has become a cause for concern
(McNew et al., 2013). The successful development of new plant communities, and the northward
advance of trees and shrubs would depend on the genetically regulated abilities of a species to adapt
to new environmental conditions (Nicotra et al.; 2010; Shaw and Etterson, 2012; Franks and
Hoffmann, 2012). Consequently, there may be genetic limitations to how far north a plant species can
grow, an environmental limitation other than temperature and precipitation; meaning trees and shrubs
in northern Alaska may lack the genetic flexibility necessary to germinate and grow along the
Chukchi and Beaufort Sea coastlines or on the ACP.

Kaarlejérvi (2014) determined herbivores such as reindeer (caribou), and microtines can prevent
lowland forbs from invading areas of open tundra through herbivory, and that herbivores counteract
the effects of climate warming by slowing or preventing the invasion of new plant species into tundra
systems. Cahoon et al. (2012) determined large herbivores can mediate the responses of Arctic
ecosystems to climate change through herbivory. Thus, maintaining healthy populations of caribou
and other large herbivores in the Arctic may offset many of the ecological effects of climate change
such as shifts in diversity, invasion by novel new species, and transitions to novel new ecological
communities.

Beest et al. (2016) found when reindeer reduce shrub height and abundance, summer albedo increases
in shrub-dominated vegetation and willow-dominated depressions. Results revealed lower net
radiation, and latent and sensible heat fluxes in heavily-grazed sites in all shrub-dominated vegetation
types, suggesting a structural shift from graminoid to shrub tundra drives the difference in summer
albedo, rather than shifts from dwarf-shrub to tall-shrub tundra. Consequently caribou/reindeer had a
potential cooling effect on climate by increasing summer albedo and decreasing net radiation.

An effect of longer, warmer growing seasons with a deeper layer of thawed permafrost is increased
root production by vascular plants. A shift to earlier emergence of plants could potentially lead to a
trophic-mismatch between plant development, nutritional quality of plants, and caribou calving and
grazing (Kerby and Post, 2013). Increases in growing season length, temperatures, permafrost
thawing, and increased precipitation could be advantageous to the production of vascular forage
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plants on summer ranges. The increase in vascular range plants would result in a corresponding loss
to non-vascular winter range plants such as lichens, however, which could be detrimental to caribou.
Caribou can be affected by the loss of sea ice in the Arctic. Without ice to moderate the effects of
wind on the ocean’s surface, larger storm events which could destroy extensive areas of coastal
habitat over time could occur throughout the Beaufort Sea.

Increasing fire frequency is another characteristic of climate change in the Arctic and could lead to
the long-term destruction of caribou winter ranges; some areas may take 50 years or more to recover
from fires (Joly, Duffy, and Rupp, 2012; Gustine et al., 2014).

Recently, the topic of winter rain-on-snow event degradation of caribou winter ranges has been
discussed. Tyler (2010) found little empirical evidence supporting such a view exists, and concluded
the effects of climate variability on caribou are “dwarfed” by the effects of density-independent
factors of politics, social issues, and economics. Since 2010, other studies have been conducted which
support the assumption of adverse effects from rain-on-snow events (Descamps et al., 2017; Langolis
et al 2017; Hansen et al., 2011; Hansen et al., 2014).

For these reasons climate change across the North Slope would have mixed effects on caribou along
the North Slope and those near the Beaufort Sea.

3.2.5.2 Musk Ox
3.2.5.2.1 Population and Status

Indigenous populations of muskoxen were extirpated in the 1800s in northern Alaska (Smith, 1989).
Muskoxen were reintroduced on the Arctic National Wildlife Range [which became the Arctic
National Wildlife Refuge (ANWR) in 1980, and now referred to as the Arctic Refuge] in 1969 and in
the Kavik River area (between Prudhoe Bay and the ANWR) in 1970; they were reintroduced west of
the National Petroleum Reserve-Alaska (NPR-A) near Cape Thompson in 1970 and 1977 (Smith,
1989).

There are approximately 4,200 (Gunn et al., 2013) muskoxen in Alaska occurring in the northcentral,
northeastern, and northwestern portions of the state, on Nunivak and Nelson islands, the Seward
Peninsula, and the YKD. In recent years, the herds in northeastern Alaska, especially those in the
ANWR and adjoining areas, have declined — presumably due to grizzly bear predation (ADF&G,
2015; Reynolds, Reynolds, and Shideler, 2002).

In 1998, a total of about 800 muskoxen were observed in the 310-mile area between the Itkillik River
west of Prudhoe Bay and the Babbage River in northwestern Canada (Reynolds, 1998). By 2013,
ADF&G estimated that there were more than 200 muskoxen on the Central and Eastern Arctic Slope,
down from 302, most likely because of grizzly bear predation (Lenart, 2013b; Arthur and Del
Vecchio, 2013).

3.2.5.2.2 Distribution

Muskox herd sizes are often small, consisting of a few calves mixed in among adults and yearlings.
As a rule they are sedentary, usually remaining within a limited geographical area, though young
males and sometimes females wander great distances. Recent radio-tracking of 121 adult female
muskoxen in northwestern Alaska showed females moving across large geographic areas, contrary to
prior assumptions regarding muskox site fidelity (Adams, 2013).

The most important habitats for muskoxen appear to be riparian, upland shrub, and moist sedge-shrub
meadows (Johnson et al., 1996). Muskoxen generally do not migrate but will move in response to
seasonal changes in snow cover and vegetation. They use riparian habitats along the major river
drainages on the Arctic.
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The reintroductions to the east established the ANWR population, which grew rapidly and expanded
both east and west of the Refuge (Garner and Reynolds, 1986). North Slope muskoxen are found as
far east as the Babbage River in northwestern Canada and as far west as the Kogru River. Common
drainages where muskoxen have been observed include the Colville, Itkillik, Kuparuk, Sagavanirktok,
Canning, Sadlerochit, Hulahula, Okpilik, Jago, and Aichilik rivers (Lenart, 2013b). Muskoxen occur
from Cape Lisburne to Canada and from the Brooks Range to the Arctic coast, with fewer found in
ANWR and more towards the western Brooks Range (Lenart 2013b; Westing 2013). A release of
muskoxen at Cape Thompson on the Chukchi coastline and on the Seward Peninsula resulted in range
expansion northward into the western Brooks Range and west to Cape Lisburne (Westing 2013), and
they have been spreading into the Gates of the Arctic National Park and Preserve since at least 1989
(Lawler 2003). Generally sedentary, muskoxen occasionally make impressive journeys. One tagged
muskox cow traveled from the Igichuk Hills to Corwin Bluff in 2009 to 2010 (Westing, 2013).

3.2.5.2.3 Life History

Calving takes place from about April to early June (Garner and Reynolds, 1987). Distribution of
muskoxen during the calving season, summer, and winter are similar with little movement during
winter (Reynolds, 1992). The breeding season begins during late summer, followed by mating which
occurs between August and October (ADF&G, 2015). Smaller harem groups that form in the mating
season may contain 5 to 15 females and sub-adults, with one dominant bull. The dominant bull
muskox prevents other adult bulls from entering the group, and bulls excluded from such breeding
herds wander widely in search of a harem during summer. Winter herds may include up to 75 animals
and generally, lone bull muskoxen that were excluded during the mating season will join herds during
winter. During winter, muskoxen mostly stay in place and rely heavily on the energy reserves they’ve
accumulated over the spring, summer, and fall to survive (Adamczewski, Hudson, and Gates, 1993).

3.25.2.4 Diet

Muskoxen eat a wide variety of plants, including grasses, sedges, forbs, and woody plants particularly
willows. They are poorly adapted for digging through heavy snow for food, so winter habitat is
generally restricted to areas with shallow snow accumulations or areas blown free of snow (ADF&G,
2015).

3.2.5.2.5 Mortality

Grizzly bears are the primary predators for muskoxen and have been implicated in muskox population
declines in some areas of Alaska (Westing, 3013; Lenart, 2013b). To a much lesser extent muskoxen
are hunted; however, with declining herd numbers opportunities to hunt muskox will also decline.
Since caribou in Alaska have been exposed to Brucella, it is likely muskoxen have been exposed too
considering their shared habitat preferences; however, brucellosis has not been shown to be a causal
agent in any population declines of muskoxen or directly associated with any muskoxen mortalities.

3.2.5.2.6 Climate Change

As sea ice losses continue to increase, larger storm events may occur throughout the Arctic Ocean,
and without sea ice to moderate the effects of winds on water, large waves and swells would develop
which could impact coastal habitat over time. Increases in growing season length, temperatures,
permafrost thawing, and increased precipitation could be advantageous to the production of vascular
forage plants on summer ranges, which would be a positive effect for muskoxen. An effect of longer,
warmer growing seasons with a deeper layer of thawed permafrost is increased root production by
vascular plants, and a shift to earlier emergence of plants that could lead to a trophic-mismatch
between plant development, nutritional quality of plants, and muskox calving and grazing as Kerby
and Post (2013) observed for caribou. However, the non-migratory behavior of muskoxen may
prevent trophic-mismatches between muskox and their forage species. Increasing fire frequency could
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lead to the long-term destruction of musk ox winter ranges; however, seral stages that follow Arctic
wildfires would include graminoid, forb, and shrub communities that could favor muskoxen.

Changes in long-term flora on the North Slope could affect Arctic herbivores. In recent years, shrubs
and trees have been observed growing in places where they previously did not exist. The potential for
shrub and tree encroachment into the Arctic has been a cause for concern (McNew et al., 2013);
however, the development of new plant communities, and the northward advancement of trees and
shrubs would depend on genetically regulated abilities of each species to adapt to new environmental
conditions (Nicotra et al.; 2010; Shaw and Etterson, 2012; Franks and Hoffmann, 2012).

Consequently, genetic limitations may limit how far north a plant species can grow; meaning trees
and shrubs in northern Alaska may lack the genetic flexibility necessary to germinate and grow along
the Chukchi and Beaufort Sea coastlines or on the ACP. With a mixture of habitat, muskoxen would
ideally graze sedge meadows on the ACP in summer, and use shrublands during winter for cover and
browse from time-to-time.

Beest et al. (2016) found when reindeer reduce shrub height and abundance, summer albedo increases
in shrub-dominated vegetation and willow-dominated depressions. Results revealed lower net
radiation, and latent and sensible heat fluxes in heavily-grazed sites in all shrub-dominated vegetation
types, suggesting a structural shift from graminoid to shrub tundra drives the difference in summer
albedo, rather than shifts from dwarf-shrub to tall-shrub tundra. Consequently caribou/reindeer had a
potential cooling effect on climate by increasing summer albedo and decreasing net radiation.
Muskox are browsers, and their affinity for browsing may act to increase the albedo which would
subsequently decrease temperatures to a point, as was suggested by Beest et al. (2016) for reindeer.

Kaarlejarvi (2014) determined mammalian herbivores can prevent lowland forbs from invading areas
of open tundra through herbivory, and that herbivores counteract the effects of climate warming by
slowing or preventing the invasion of new plant species into tundra systems. Cahoon et al. (2012)
determined large herbivores can mediate the responses of Arctic ecosystems to climate change
through herbivory. Thus, maintaining healthy populations of muskoxen and other large herbivores in
the Arctic may offset many of the ecological effects of climate change such as shifts in diversity,
invasion by novel new species, and transitions to novel new ecological communities, etc. Under the
current climate change projections, muskoxen numbers may actually increase along the North Slope.
Recently, the topic of winter rain-on-snow event degradation of caribou winter ranges has been
discussed; however, muskoxen rely on stored reserves during much of the winter and generally do not
browse or graze extensively, though some foraging does occur. A 2003 rain-on-snow event on Banks
Island is believed to have resulted in the deaths of around 20,000 muskoxen due to starvation, and
muskoxen venturing onto loose sea ice searching for food (Grenfell and Putkonen, 2008; Putkonen
and Roe, 2003; Rennert et al., 2009). Consequently, the effects of icing on musk ox winter habitat
would likely be moderate since some deaths could occur; however, the musk ox preference for
“shrubby” habitat that is increasing in some areas of Arctic Alaska could provide some positive
effects to muskoxen through the creation of new habitat.

3.2.5.3 Grizzly Bears

3.2.5.3.1 Population and Status

The grizzly bear population on the western North Slope was considered stable or slowly increasing in
1991. Densities were highest in the foothills of the Brooks Range and lowest on the Arctic North
Slope (Carroll, 1991). Lenart (2013c) estimated a population of 656 grizzly bears in Game Units 26B
and 26C; however, the overall number of grizzlies in the U.S. Arctic is likely much higher since
Carroll (2013) did not attempt population estimates for Game Management Unit 26A, while noting
densities appeared to be at high levels relative to carrying capacity.
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3.2.5.3.2 Distribution

Presently no concentration areas on the Beaufort Sea coastline have been documented other than the
area near Kaktovik where they can feed on bowhead whale carcasses in the fall (Miller, Wilder, and
Wilson, 2015). Some inland waterways, such as the Colville and Sagavanirktok rivers, support
modest spawning runs of anadromous fish, and bears are assumed to exploit such resources.
Consequently, streams supporting anadromous fish may become temporary concentration areas for
grizzly bears.

An estimated 60 to 70 bears, or approximately 4 per 386 mi?, currently inhabit the central North Slope
Coastal Plain (Shideler and Hechtel, 2000). Since 1990, the ADF&G has captured and marked 121
bears between Teshekpuk Lake and the Canning River while studying the bears” use of the oil fields
(Shideler, 2006b, pers. comm.). These bears have very large home ranges (78 to 5,359 mi?) (Shideler,
2006b, pers. comm.) and travel up to 31 miles in a day (Shideler and Hechtel, 2000). In 1992, the
estimated population for Game Management Unit 26A, the area west of the Itkillik River and which
includes all of NPR-A, was 900 to 1,120 bears (Carroll, 2005).

On the North Slope, grizzly bear densities vary from about 0.3 to 5.9 bears per 100 mi2, with a mean
density of 1 bear per 100 mi?.

During winter grizzlies den in pingos, banks of rivers and lakes, sand dunes, and steep gullies in
uplands (Harding, 1976; Shideler and Hechtel 2000), primarily in the last 2 weeks of September
through early November. In mid-April to early June they begin to emerge from their dens before most
caribou begin calving, with adult males entering dens the latest and emerging the earliest
(McLoughlin, Cluff, and Messier, 2002; Shideler and Hechtel, 2000).

3.2.5.3.3 Diet

Grizzly bears forage in riparian areas, river deltas, coasts, and uplands in response to food availability
or other habitat needs. In the western Brooks Range they use a variety of food sources including
caribou, beach-cast marine mammal carcasses and, to some degree, seasonal salmon and Dolly
Varden runs that occur in larger streams. Grizzlies also enjoy excavating Arctic ground squirrel
burrows to capture and consume Arctic ground squirrels, and often go out of their way to engage in
such behavior (Mueller, 1995).

Grizzlies in the Arctic require very large home ranges compared to bears farther south due to the brief
growing season and low productivity in the Arctic. Mowat and Heard (2006) noted grizzly bear diets
eastward of Harrison Bay on the ACP show a larger fraction of meat from terrestrial sources (greater
than 45 percent of their diet), suggesting a greater nutritional dependence on animal matter versus
plant matter among Arctic grizzlies than is observed elsewhere. Grizzly diets in more productive
areas contain around 80 to 90 percent plant matter and 10 to 20 percent animal matter.

3.2.5.3.4 Mortality

The only naturally occurring predators for grizzly bears in the U.S. Arctic are other grizzly bears, and
the rare occasion when a wolf pack discovers a hibernating bear, or the rare instance when a polar
bear finds and kills a grizzly cub. Sport hunting and subsistence hunting are the two primary sources
of mortality among grizzly bears on the North Slope and those numbers are low. Lenart (2013c)
counted 22 bears harvested in Game Management Unit 26B and 15 in Game Management Unit 26C
in 2011, while Carroll (2013) concurrently observed a harvest of 22 bears in Game Management Unit
26A. Both authors acknowledged the likelihood that some bears harvested by local residents might go
unreported.
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3.2.5.3.,5 Climate Change

As sea ice losses continue to increase, larger storm events may occur throughout the Arctic Ocean and
without sea ice to moderate the effects of winds on water, large waves and swells would develop
which could impact coastal habitat over time. Such storms are more likely to deposit marine mammal
carcasses and other food resources onshore that would have a positive effect on grizzlies engaged in
scavenging for food.

Increases in growing season length, temperatures, permafrost thawing, and increased precipitation
could be advantageous to the production of vascular forage plants on summer ranges, which would be
a positive effect for grizzlies. One effect of longer, warmer growing seasons with a deeper layer of
thawed permafrost is increased root production which leads to shifts from non-vascular plants to
vascular plants, and a shift to earlier plant emergence that could become an important source for
grizzly bears emerging from hibernation. Increasing fire frequency could lead to the conversion of
moss- and lichen-dominated ecological communities to graminoid and forb-dominated ecological
communities that may be better habitat for Arctic ground squirrels and other species grizzlies prey on
including muskox, moose, and caribou. Grizzlies respond to fluctuations in prey species numbers by
switching to other food sources such as salmon, and this behavior would likely continue into the
future. For this reason, they should be more resilient to the effects of climate change than species that
have a more specialized diet. They may also shorten their denning period in response to climate
change effects to the duration and severity of winter, and a deeper permafrost melt might increase the
amount and quality of denning sites. Under the current climate change projections, grizzly numbers
could increase throughout the North Slope providing they have access to sufficient numbers of prey
animals and forage plants.

3.25.4 Arctic Fox

3.2.5.4.1 Population and Status

The Arctic fox population on the North Slope has increased since 1929, as the values and harvest
rates of white fox pelts declined (Chesemore, 1967). ADF&G (Caikoski, 2010; Carroll, 2010)
reported healthy numbers of Arctic foxes in the U.S. Arctic, meaning Arctic fox populations in the
U.S. Arctic remain self-sustaining.

3.2.5.4.2 Distribution

Arctic foxes (Vulpes lagopus) are ubiquitous and numerous throughout the U.S. Arctic and sometimes
“island-hop” through the barrier islands of the Beaufort Sea scavenging, raiding bird nests, and
caching food for later use. Arctic foxes on the Prudhoe Bay oil field readily use development sites for
feeding, resting, and denning; their densities are greater in the oil fields than in surrounding
undeveloped areas (Eberhardt et al., 1982; Burgess et al., 1993). Development on the Prudhoe Bay oil
fields probably has led to increases in fox abundance and productivity (Burgess, 2000).

3.2.5.4.3 Life History

Mating occurs in early March and early April, followed by a 52-day gestation period (ADF&G,
2015). Arctic foxes mostly breed on the coastal plain in coastal regions and most dens have southerly
exposure, and extend 6 to 12 feet underground. Enlarged ground squirrel burrows with several
entrances are often used as dens.

Pups are born in litters of up to 15 in dens excavated in sandy, well-drained soils on low mounds,
hillocks, and river banks. Adults are monogamous in the wild, and split the duties of bringing food to
the den and rearing the pups. Pups begin eating meat at about 1 month of age and wean at around 6
weeks (ADF&G, 2015).
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Starting at an age of about 3 weeks they begin to hunt, and begin cutting their association with the
den around 3 months. In September and October, the family units begin to disintegrate and by mid-
winter Arctic foxes are mainly leading a solitary existence, reaching sexual maturity at 9 to 10 months
(ADF&G, 2015).

3.25.44 Diet

Fox populations peak whenever lemmings (their main prey) are abundant. Other food sources include
ringed seal pups and the carcasses of other marine mammals and caribou, which are important
throughout the year (Chesemore, 1967; Hammill and Smith, 1991). Tundra nesting birds also are a
large part of their diet during the summer (Chesemore, 1967; Fay and Follmann, 1982; Quinlan and
Lehnhausen, 1982; Raveling, 1989). The availability of winter food sources directly affects the foxes’
abundance and productivity (Angerbjorn et al., 1991).

Marine mammals, including carrion and ringed seal pups, are an important diet item for Arctic foxes
occurring along the coasts (Anthony, Barten, and Seiser, 2011).

3.2.5.4.5 Mortality

Acrctic foxes are particularly subject to outbreaks of rabies, and their populations tend to fluctuate
with the occurrence of the disease and with changes in the availability of food. In recent years, red
foxes have been expanding their species range into the Arctic such that they may be found anywhere
on the ACP or in the Brooks Range foothills. Red foxes habitually attack, dominate, and kill Arctic
foxes when they encounter one another and this behavior was documented by Pamperin, Follman, and
Peterson (2006). Other than predation from large raptors, red foxes, wolves, and terminal mishaps,
trapping is the largest source of anthropogenic mortality amongst Arctic foxes with at least 109
harvested in Game Management Unit 26B as reported by ADF&G (2013).

3.2.5.4.6 Climate Change

Furbearing mammals such as Arctic foxes can be affected by climate change in the Arctic. Larger
storms coming off the ocean are more likely to deposit marine mammal carcasses and other food
resources onshore, which would be a positive effect for foxes scavenging on carrion. Another positive
benefit of climate change could be the increased biological productivity that a warming climate would
have throughout the terrestrial plant communities. Such productivity would initially include increased
plant vegetative production, which would provide increased forage for herbivores over a longer
growing season. Healthier and more abundant prey species, or new prey species, would have a
beneficial effect on Arctic foxes through a more diverse diet with increased caloric value. For
example, a decrease in caribou numbers might be compensated by increases in rodent, musk ox,
moose, or sheep numbers due to better range conditions and milder temperatures. For Arctic foxes,
having a resident population of prey species to rely upon rather than migratory caribou, could mean
consistent, high quality nutrition throughout the year rather than hunger interspersed with periodic
episodes of feasting when caribou calve or migrate through an area or as carrion becomes available.

An adverse effect of climate change on Arctic foxes could occur by concurrent increases in red foxes
along the North Slope. Red foxes prey on and displace Arctic foxes (Frafjord, Becker, and
Angerbjorn, 1989; Pamperin, Follmann, and Petersen, 2006; Tannerfeldt, Elmhagen, and Angerbjorn,
2002), and increasing numbers of red foxes in the future could potentially displace or eliminate Arctic
foxes from habitats important to their continued presence on the ACP.

3.2.6 Vegetation, Wetlands and Substrate

This section describes the nearshore and onshore/inland vegetative communities that could potentially
be affected by the Proposed Action’s onshore or offshore activities, or a large oil spill. Figure 3-31
presents a vegetation and wetland delineation map of the “Wetlands Delineation Study Area” and a
summary of the distribution of wetland types is found in Table 3-9.
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AES prepared an aquatic site assessment (ASA) for the Proposed Action Area wetlands (see the
Liberty Development Wetland Delineation Report, Foggy Island Bay, Alaska. August 2015). The
ASA (Table 4.3-1, Appendix C of online Wetland Report at www.boem.gov/liberty) found that most
of the wetlands were pristine and high functioning; but not rare, unique, being used for science, or
under threat from upstream sediments or toxins. All other waters of the U.S. (marine, estuaries, lakes,
and rivers) in Alaska are automatically rated as Category I. Wetlands in the project area are evaluated
as Category | or Il (Table 4.3-1 and Table 4.3-2). Areas of Marine Boulder Patches and Arctophila
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fulva rated as Category I+, were also mapped to illustrate their location (Wetland Report at
www.boem.gov/liberty).

Soils in the study area consist of a thick organic layer overlying permafrost (histosols and histic
epipedons). Thick sand and gravel deposits are layered with varying amounts of fines and silt/clay
interbeds. Permafrost is found at a depth between 9 and 15 inches, and can range from 650 to 2,100
feet thick. Patterned ground with small rises and depressions is common throughout the area. Active
layer depths can range from approximately 1 to 4 feet, with an average of about 1.5 feet.

The ACP is a physiographic province dominated by periglacial features (thaw lakes, marshes, and
polygonal patterned ground) that provide little topographic relief. The area is characterized by poorly
drained soils, lakes, and irregular coastline containing many small bays, lagoons, spits, beaches, and
barrier islands. With the exception of thaw bulbs under larger lakes and streams, permafrost is
continuous across the ACP (Jorgenson and Shur, 2007).

All of the nearshore and onshore areas that would be impacted by the Proposed Action’s construction
are classified by the FWS as wetlands. Construction associated with the Proposed Action would
impact wetlands and deeper water habitat. A permit from the USACE, under Section 404 of the Clean
Water Act, would be required for the discharge of fill in wetlands, or the discharge of fill into
territorial seas below the mean high tide line. This section discusses vegetation, wetlands and soils
within the Proposed Action Area (see Figure 3-31), and the substrate in the Beaufort Sea that could be
impacted by the construction of the buried pipeline.

BOEM has incorporated by reference the Liberty Development Wetland Delineation Report, Foggy
Island Bay, Alaska, performed by ASRC Energy Services (AES) (2015). This wetland and waters of
the U.S. delineation study was performed in accordance with the USACE Wetlands Delineation
Manual (Environmental Laboratory, 1987) and the Regional Supplement to the USACE Wetland
Delineation Manual: Alaska Region (Version 2.0) (USACE, 2007). Additionally, AES (2015)
performed an Aquatic Site Assessment based on the wetlands functions and values as described by
Acrctic Slope Regional Corporation’s Wetland Mitigation Bank’s “Arctic North Slope Rapid
Assessment method” (ANSRAM).

3.2.6.1 Arctic Vegetation Types Potentially Affected

Table 3-9 Summary of Wetlands Distribution in the Wetlands Study Delineation Area
Cowardin Code Description Acres 10/404 %:Cr:ess
PEM1B/C Palustrine Emergent Persistent Saturated/Seasonally Flooded 1,044
PEM1C Palustrine Emergent Persistent Seasonally Flooded 357
PEM1H Palustrine Emergent Persistent Permanently Flooded 172
PUBH Palustrine Unconsolidated Bottom Permanently Flooded 82
R2UB Riverine Lower Perennial Unconsolidated Bottom 8
L1UBH Lacustrine Limnetic Unconsolidated Bottom Permanently Flooded 180
M1UB,M2US Marine Subtidal Unconsolidated Bottom/Marine Intertidal Unconsolidated 1,081 225

Shore
E1UB Estuarine Subtidal Unconsolidated Bottom 24

Source: AES, 2015.
3.2.6.1.1 Wetlands

Emergent wetlands are dominated by herbaceous angiosperms, and are the primary vegetated
ecosystem in the project area. Emergent wetlands types differ with variances in hydrologic regime on
the landscape and due to interaction with permafrost.

Wetlands with saturated hydrological regimes (PEM1B/C) are characterized by having soils
periodically saturated with water during the growing season. These had the greatest variety in
characteristics over the study area. Almost all of these had patterned ground formed from ice wedges
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being thrust to the surface, creating small rises and depressions throughout the area. These rises and
depressions were examined for the possibility of wetland/upland mosaics, but found that the highest,
driest rises still had wetland vegetation and soil characteristics. Saturation and/or high water tables
were found in the depressions of the patterned ground. These areas had a variety of vegetation
including very low shrubs such as Salix and Arctous, and herbs like Eriophorum and Carex. Soil
profiles tended to have shallow permafrost, with organics observed. Hydrology is expected to perch
on top of the shallow permafrost during spring snowmelt, flooding, and/or precipitation events to
create anoxic conditions during the growing season.

Wetlands with seasonally flooded hydrological regimes (PEM1C) are characterized by having soils
seasonally inundated with water during the growing season. These areas had greater high centered
polygon topographic relief. These polygons were examined for the possibility of upland/wetland
mosaics; but no evidence was found to support that type of problematic wetland. The depressions
indicated evidence of seasonal flooding. PEM1C wetlands had a large number of very small shrubs
present including small Salix and Dryas, along with large amounts of Carex. Soil profiles consisted of
histic epipedons, with approximately 8 inches of saturated fibric organic and deeper layers of darker
mineral soils. These are due to the colder Arctic temperatures and the anaerobic conditions due to the
seasonal flooding.

Wetlands with permanently flooded hydrological regimes (PEM1H) are characterized by having soils
frequently inundated with water during the growing season. These were low centered polygonal
tundra, with large polygons and shallow water tables. These areas have relatively deep permafrost (15
inches) and thick layers of fibric organic material developed from the longer anaerobic conditions
caused by permanent flooding. Few shrubs were present and vegetation consisted of Carex and
Eriophorum.

Ponds

There are a great number of ponds (PUBH) in the project area. On the North Slope, ponds are often
less than 20 acres large. They have a variety of wetland dependent plants supporting waterfowl and
other types of wildlife.

Rivers

Riverine systems (R2UB) are present in the study area, with bed and bank features and ordinary high
water lines. These river systems convey waters through the flat topography to the Beaufort Sea. These
are low gradient systems, and water velocity is slow. Water may flow throughout the year, but given
the harsh conditions of the Arctic some flow may be seasonal. The substrate was observed to be sand
and mud. No signs of fish were observed, and ADF&G does not list Anadromous Fish Streams in the
study area.

Lakes

Lakes (L1UBH) have complicated characteristics on the North Slope, often with very shallow banks,
large littoral zones, and polygonal bathymetry due to the underlying permafrost. Some lakes freeze
solid during the winter, while others are deep enough to have free water at depths greater than 5 feet.
On the North Slope, lakes are often greater than 20 acres. The large littoral zones of lakes were found
to often support dense habitats of aquatic vegetation.

Marine

The northern area of the project is the Beaufort Sea. The Beaufort Sea (a Traditional Navigable Water
[TNW]) is the dominant habitat for the project. The marine (M1UB, M2US) shoreline in the project
area consists of small (3- to 5-foot) bluffs where permafrost is eroding into the ocean. Cold Arctic
winds circulate keeping vegetation small and stunted, and the majority of the year the ocean is
covered in sea ice.
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Estuary

On the far western edge of the project area is a small estuary (E1UB) system which appears to hold
brackish water, and be the floodplain for some riverine systems. These areas are important transition
zones between salt and freshwater environments, and provide a location for turbidity to fall out prior
to entering the ocean. These locations can also provide overwintering habitat for some fish species.
As freshwater areas freeze shut, estuaries can be refuges for typically salt water species.

Arctophila fulva

Arctophila fulva is an herbaceous plant which is of particular interest to conservation agencies due to
its importance to waterfowl habitat. This plant has been identified to be important for many species
including Endangered Species Act Steller’s eiders, which seasonally inhabit the North Slope. Studies
near Utgiagvik have found that most (80 percent) Steller’s eider broods are in Arctophila fulva habitat
(Quakenbush et al., 2004).

In the study area Arctophila fulva is found at the edges between lacustrine, riverine or marine systems
adjacent to wetland areas. These are where wetlands border bodies of water that have seasonal
periods of surface water. In these locations, Arctophila fulva is dense and ubiquitous where it has not
been heavily grazed. Many flocks of waterfowl and geese were observed in the Arctophila fulva
areas.

Arctophila fulva was not found in the central region of the study area, where the Proposed Action is
planned. These non-fulva areas are along the lacustrine/emergent wetland border areas (LIUBH-
PEM1B/C or LIUBH-PEM1H). These habitats have better banks, without the gently increasing
gradient in water depth that Arctophila fulva appears to prefer.

3.2.6.1.2 Climate Change

Wetlands are among the most abundant and productive aquatic ecosystems in the Arctic. They are
ubiquitous and characteristic features throughout the Arctic and almost all are created by the retention
of water above the permafrost (ACIA, 2005). Because the very nature of their habitats results from
interactions between temperature, precipitation, and permafrost, these Arctic freshwater systems are
particularly sensitive to climate change. Aside from habitat provision, river-flow attenuation, and a
number of other ecological functions, wetlands also store and potentially release a notable amount of
carbon, with potential positive feedbacks to climate change (e.g., radiative forcing by CH4 and CO5)
(ACIA, 2005). The role of Arctic and subarctic wetlands as net sinks of sources of carbon is highly
dependent on the seasonal water budget and levels, the brief and intense period of summer primary
productivity (during which photosynthetic assimilation and respiration of CO, and bacterial
metabolism and CH4 generation may be most active), soil type, active-layer depth, and extent of
permafrost (ACIA, 2005). The future status of wetlands as carbon sinks or sources will depend on
changes in vegetation, temperature, and soil conditions all of which are sensitive to direct and indirect
effects of climate change (ACIA, 2005).

3.2.6.2 Threatened/Endangered and Sensitive Plant Species

3.2.6.2.1 U.S. Status

No federally-listed threatened or endangered plants are known to occur on the ACP (USFWS, 2014d).
The Alaska Natural Heritage Program (AKNHP) maintains a database of rare vascular plant species,
which includes global and state species status ranks. Plants ranked as critically imperiled or imperiled
in Alaska could occur in the area potentially affected by the Proposed Action. These include eight
Bureau of Land Management sensitive species of plants which are known to occur (Cortés-Burns et
al., 2009) within the area potentially affected by the Proposed Action for this FEIS:

o Alpine Whitlow-grass (Draba micropetala)
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e Adam’s Whitlow-grass (Draba pauciflora)

e Oriental Junegrass (Koeleria asiatica)

e Drummond’s bluebell (Mertensia drummondii)
e Arctic poppy (Papaver gorodkovii)

e Sabine grass (Pleuropogon sabinei)

o Alaskan bluegrass (Poa hartzii ssp. Alaskana)
e Circumpolar cinquefoil (Potentilla stipularis)

3.2.6.2.2 Canada Status

The Yukon Territory has one species of Plant that is considered to be at risk under Canadian federal
legislation, the Baikal Sedge (Carex sabulosa). This threatened sedge grows in active, shifting dune
environments of southwest Yukon (Baikal Sedge Recovery Team, 2012). In the Northwest Territories
the following plant species are of Global Conservation Concern and could be affected by a very large
oil spill (VLOS); they are considered globally rare species that have not yet gone through the process
to assess and list under the Canadian Northwest Territories “Species at Risk (NWT) Act” or the
Canadian federal “Species at Risk Act.”

o Hairy Rockcress (Braya pilosa)

o Nahanni Aster (Symphyotrichum nahanniense)

e Banks Island Alkali Grass (Puccinellia banksiensis)
o Raup's Willow (Salix raupii)

e Drummond's Bluebell (Mertensia drummondii)

Only the Banks Island Alkali Grass occurs near the shores of inland freshwater lakes. Hairy rockcress
is endangered; it grows on bluffs and dry uplands on patches of bare, calcium-rich sandy or silty soils.
It is endangered by the loss of habitat through very rapid coastal erosion and saline wash resulting
from storm surges, and by permafrost melting (COSEWIC, 2013).

3.3 Sociocultural Systems
3.3.1 Sociocultural Systems
3.3.1.1 A Subsistence Focus

Sociocultural systems and rural subsistence practices are inseparable in northern Alaska. Ifiupiat
peoples comprise the majority of the population in northern Alaska (Hunsinger and Sandberg, 2013).
Subsistence substantially contributes to cultural continuity, well-being, identity, and life satisfaction
in northern Alaska (Martin, 2012).

Subsistence is a dominant component of Ifiupiag socioeconomics and holds at least equal importance
to that of the cash and wage earning sectors; the subsistence and monetary components of these
systems have become irrevocably intertwined (Galginaitis, 2014b; Huskey, 2004). Both subsistence
and commercial wage activities contribute to community survival, well-being, and the way of life so
highly valued in rural communities (Huskey, 2004; 2009; Martin, 2012; Wolfe and Walker, 1987).
Braund and Moorehead (2004, p. 105) defined “way of life” as the economic, social, and cultural
relationships of a group of people and the meanings they attribute to these relationships, including
their relationships to natural resources. During the late twentieth century to present, the production of
wild foods and distribution of wild resources for local consumption and small-scale exchange have
been the focus of subsistence activities in rural Alaska (Wolfe, 2009).
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Researchers have documented a positive relationship in North Slope communities between cash
income and subsistence harvest and sharing patterns; cash and employment play an integral role
within the subsistence way of life (BurnSilver et al., 2016; Kofinas et al., 2016). Households with a
source of cash income tend to invest more in subsistence activities and equipment, harvest more wild
foods, and provide subsistence food to more households than those without cash incomes. North
Slope Borough (NSB) residents have tended to allocate less time for subsistence activities as they
increase employment time; yet greater income allows for fuel and equipment purchases that promote
more efficient use of time spent engaged in subsistence activities, such as electronics used for
navigation, radios used for communication, snowmachines, four-wheelers, and motor boats
(Galginaitis, 2014c; USDOI, BOEM, 2015).

Residents of the NSB have exhibited substantial amounts of local control and self-determination since
oil and gas development at Prudhoe Bay (NSB, 1993). The NSB has been able to pioneer many
innovative political and legal arrangements related to governance of natural resources. These include
co-management partnerships that direct the use of important natural resources such as bowhead
whales and conflict avoidance agreements that reduce or eliminate some impacts of energy
development on subsistence harvest patterns and sociocultural systems (Galginaitis, 2014c; Lefevre,
2013; Shadian, 2013).

For residents of Kaktovik and Nuigsut, a subsistence way of life and a diverse set of subsistence-
related activities, including harvest and sharing of wild resources, comprise the major sociocultural
focus of households, families, and hunters (Galginaitis, 2014b; Kofinas et al., 2016; Pedersen et al.,
2000; SRB&A, 2010, 2013). Ifiupiat peoples living in coastal communities outside the Proposed
Action Area also focus on subsistence activities as a dominant part of their cultures and economies.
Examples include Utqiagvik (Barrow) and Wainwright to the west and Inuit coastal communities to
the east in Canada. It is important to consider coastal communities outside the immediate Proposed
Action Area due to the possibility of a VLOS. Oil spills are illegal, unplanned, and accidental events.
Although not part of the Proposed Action, a VLOS has the potential to affect Sociocultural Systems
(Section 3.3.1), Economy (Section 3.3.2), Subsistence Activities (Section 3.3.3), Community Health
(Section 3.3.4), and Environmental Justice communities (Section 3.3.5) outside the immediate
Proposed Action Area.

Using a subsistence lens, this section summarizes important components of the sociocultural system
in northern Alaska that could be affected by the Proposed Action.

3.3.1.2 Components of the Sociocultural System

Sociocultural systems generally encompass several principal components (Elwell, 2013; Wolfe,
1983). In the context of rural Alaska, a social, cultural, or economic system is a set of interacting,
interrelated, or interdependent parts that form a collective whole (Wolfe, 1983). A breakdown in any
part of the system can cause social disruptions, community dysfunctions, and economic hardships
(Wolfe, 1983).

There have been substantial social, economic, and technological changes in the Ifiupiag way of life
during the past century related to energy development and other contacts and interactions with people
arriving from outside the North Slope (BurnSilver et al., 2016; Carothers, Cotton, and Moerlein,
2013; Kruse, 1982; Langdon, 1996; Martin, 2012). However, subsistence continues to be the visible
central organizing element of Ifiupiaqg sociocultural systems (Kofinas et al., 2016; USDOI, MMS,
2001, 2002), and it is primarily through damage to subsistence resources and disruptions to
subsistence activities that impacts to the sociocultural system of the North Slope can be assessed.

The next paragraphs briefly describe three key organizing and interrelated parts of the sociocultural
system for Nuigsut and Kaktovik. Using the umbrella of subsistence, the discussion focuses on social
organization, cultural values, and formation of formal institutions (USDOI, BOEM, 2015). The
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description of these elements generally applies to Nuigsut, Kaktovik, Utqiagvik, and other northern
coastal communities in Alaska and Canada. These components of the system are closely tied to the
mixed subsistence-cash economy of northern Alaska and could be affected by the Proposed Action.

Social organization means how people are divided into social groups and networks. This component
of the system corresponds most closely to existing structure at the household and community levels.
Structure refers to how key individuals, families, and extended kinships interact to manage vital
resources, which includes subsistence harvests but also encompasses many economic resources and
involves the broader market economy (Huskey, 2004). The analytic focus is on households, families,
and wider networks of kinship and friends that are embedded in groups responsible for harvesting/
collecting, distributing, and consuming available local resources. Social organization describes the
non-governmental characteristics of a community that enable it to function and continue through
time. For most Alaska Native peoples living on the North Slope, subsistence is the expression of
cultural and spiritual identity (ICAS, 1979), and production, distribution, and sharing of subsistence
foods are the activities around which most social organization and transmission of cultural traditions
occur across generations.

Cultural values reflect the norms and most desirable behaviors of people in a society and are widely
shared by members of a social group. Cultural values correspond to the Ifiupiat traditional emphasis
on maintaining a close relationship with natural resources (ICAS, 1979). They place particular
emphasis on kinship, maintenance of the community, spirituality, humility, respecting elders, hunting
traditions, cooperation, and sharing (ICAS, 1979; NSB, 2015). Differences in sociocultural systems
and cultural values between outsiders and local residents can lead to substantial communication
barriers (Bartely, Brooks, and Boraas, 2014; EDAW AECOM, 2009; Jacobs and Brooks, 2011).
Residents of the Proposed Action Area place high value on social cohesion and group cooperation as
expressed through subsistence activities (ICAS, 1979). Subsistence is a central activity that embodies
and actualizes all Ifiupiag values, with bowhead whale hunting being the paramount offshore
subsistence activity for Nuigsut, Kaktovik, and Utqiagvik. [fiupiaq cultural and spiritual values are
played out in everyday life when these residents practice subsistence activities on the land
(Galginaitis, 2014a; ICAS, 1979).

Institutional formation corresponds to the structure and function of the borough, city, and tribal
governments that provide services to communities. This part of the system includes formal
organizations such the North Slope Borough, Alaska Native regional and various village for-profit
and not-for-profit corporations, and non-governmental organizations. Many Ifiupiat are enrolled as
shareholders in the for-profit Native corporations, and they are citizens of the North Slope Borough,
which derives revenue from property taxes on petroleum facilities at Prudhoe Bay (ICAS, 1979).
Non-governmental entities may work in conjunction with governmental organizations. For example,
the AEWC and other local or regional organizations play important roles in the management of
natural resources vital to the subsistence and cultural needs of the communities. These formal
institutions are largely formed by Alaska Native peoples who are aware of and respect traditional
knowledge of their elders and have a present-day awareness of their own beliefs and cultural
foundations (Kendall et al., 2017). Many of the leaders of these institutions currently live or have
lived a rural subsistence way of life and have a clear understanding of why and how to protect
subsistence resources.

3.3.2 Economy

This section describes the existing conditions of the economy of the SOA, NSB, and Prudhoe Bay
with respect to employment, personal income associated with employment, various types of revenue
streams, and population. Additional information about the economy of the NSB and its communities
is available in the 2015 Liberty EIA (Hilcorp, 2015, Appendix A). All of the numbers that BOEM
presents in this section are approximate.
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3.3.2.1 Employment and Labor Income (Wages)

Table 3-10 provides information on total employment and labor income (wages) for Alaska, the NSB,
and Prudhoe Bay in 2015, as well as information on the percentage of employment that represents
government jobs.

Table 3-10 Employment and Wages for Alaska, NSB and Prudhoe Bay (2015)

Geographic Area Total Employment (Jobs)| % Government Jobs Labor Income (Wages)
State of Alaska? 310,000 14.3 $13.6 billion
NSB! 3,360 60 $151 million
Kaktovik? 130 74
Utgiagvik? 2,120 55
Nuigsut? 190 59
Prudhoe Bay® 12,550 0.0 $1.39 billion

Source: LADLWD, 2015d; 2ADLWD, 2015b; 2ADLWD, 2015a.
3.3.2.1.1 Alaska Employment and Wages

Oil is a critical resource for the U.S. economy, and North Slope oilfields produced an average of 20
percent of the nation’s domestic production between 1980 and 2000. Qil production from the North
Slope started in the late 1970s, peaked in the late 1980s, and has continued to decline since. With the
Trans-Alaska Pipeline System (TAPS) now running at three-quarters empty, Alaska’s share of
domestic oil production has fallen to 7 percent, and the state has fallen from second to fourth in U.S.
oil production (RDC, 2017).

Although the oil and gas industry employs less than 5 percent of all Alaska workers, it has driven
much of the growth in Alaska’s economy for the past 40 years. Oil production (not including support
activities) has directly accounted for a quarter of total gross state product, and approximately one-
third of all jobs and personal income in Alaska can be traced to work in oil production-related
activities, spending of the state’s oil revenues, or the Permanent Fund Dividend (Goldsmith, 2007).
Moreover, oil and gas industry wages are roughly 2.5 times higher than average annual wages for all
industries in the state combined (ADLWD, 2013). Since 2007, however, the relative contribution of
the oil and gas industry to the State’s economy has declined due to lower oil and gas prices and
reduced throughput of oil in the TAPS.

3.3.2.1.2 NSB Employment and Wages

As shown in Table 3-10, there were approximately 3,360 persons employed in the NSB in 2015
including 2,120 in Utqiagvik (formerly Barrow), 130 in Kaktovik, and 190 in Nuigsut. Local
government, which includes schools, is the top employer of North Slope permanent residents. Nearly
60 percent of persons employed in the NSB were Borough government employees: 55 percent in
Utqiagvik; 74 percent in Kaktovik; and 59 percent in Nuigsut (ADLWD, 2015b). The high percent of
local government employees in the NSB is in contrast to the SOA (14.3 percent) and the U.S. (3.8
percent). Property tax payments by North Slope oil and gas producers are the main source of revenue
for the NSB and directly support this high percentage of local government jobs (AOGA, 2014). The
total wages for workers in the NSB in 2015 was approximately $151 million (ADLWD, 2015b). High
unemployment and underemployment are characteristic of communities of the NSB (Hilcorp, 2015,
Appendix A).

Only 5 residents of the NSB worked in “primary oil and gas companies” and 70 worked in oil and gas
support services in Alaska in 2013 (AOGA, 2014). The relatively low share of employment of
Borough residents could, in part, be due to the fact that the job requirements at Prudhoe Bay require
certain work schedules that may limit the ability of NSB residents to practice seasonal subsistence. In
addition, NSB residents have the option of relatively high paying NSB government jobs with
schedules that more easily allow for seasonal subsistence. Training programs and workforce
development will continue to be important in the future to increase oil and gas industry employment
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of local residents. Industry can best address this issue by partnering with the NSB, Arctic Slope
Regional Corporation, SOA, community colleges, University of Alaska, vocational technical schools,
and job training facilities (Shell, 2011).

3.3.2.1.3 Prudhoe Bay Employment and Wages

Prudhoe Bay and the surrounding fields form a worker’s enclave within the boundaries of the NSB;
the workers are not permanent residents of the NSB. Therefore, the SOA, Department of Labor and
Workforce Development records Prudhoe Bay employment and wage data separately from that for
the NSB. In 2015, the oil and gas industry at Prudhoe Bay provided approximately 12,550 jobs and
accounted for $1.39 billion in annual wages (ADLWD, 2015a). These 12,550 jobs were in the
following categories: 74 percent in oil and gas extraction activities (of which 16 percent were in crude
petroleum and natural gas extraction and 58 percent in support activities for oil and gas operations
including drilling wells); 14 percent in professional and business services; and 11 percent in four
other smaller categories (ADLWD, 2015a).

Another aspect of the Prudhoe Bay oil and gas enclave is that workers have almost no integration into
the local economy. Infrastructure, work sites, and housing are largely self-contained enclaves,
separate from the closest communities of Nuigsut and Kaktovik (Shell, 2011; AOGA, 2014). The
exception is the Kuukpik Hotel in Nuigsut, which caters to workers at the Alpine field, 8 miles to the
south of Alpine. Nuigsut is 86 miles and Kaktovik 92 miles from the Proposed Action Area.

3.3.2.2 Revenues
3.3.2.2.1 Federal Revenues

The Federal government collects revenues from the production of oil and natural gas on the OCS
through bonus bids, royalties, and rents from lessees. Federal revenues reported for all OCS
production totaled $2.79 billion in FY 2016. The U.S. Department of the Treasury distributes about
half of the revenues generated from all mineral development in various proportions to the states, the
Historic Preservation Fund, the Land and Water Conservation Fund, the Reclamation Fund, and
Native American Tribes and Allottees. The other half remains at the U.S. Treasury, helping to fund
U.S. programs (ONNR, 2016b).

3.3.2.2.2 State Revenues

The SOA receives revenues from oil and gas activities in the form of royalties, property taxes, State
corporate income tax, and revenues associated with the TAPS. By FY 2013, it had received $197
billion in oil revenues since Statehood in 1959 (AOGA, 2014). For over two decades, about 80
percent of Alaska’s unrestricted general fund revenue has come from oil taxation and royalties
(Hilcorp, 2015, Appendix A).

The total SOA oil and gas revenues were $2.6 billion in FY 2015 (ADR, 2015), $1.6 billion in FY
2016 (ADR, 2016), and $1.7 billion in FY 2017 (ADR, 2017).

The general fund pays for almost every state service, including education, transportation
infrastructure, public health and safety services, and a host of other programs throughout Alaska.
Since late 2014, the price of oil has dropped dramatically and the TAPS throughput has dropped
further, reducing revenues to the State. The State discontinued personal income and sales taxes in
1978 when Prudhoe Bay production started generating very high royalties for the State. The State is
now considering some form of tax because of budget deficits.

In addition, the Federal government transferred $1.42 million in FY 2016 in royalties, rents, bonuses,
and other revenues from OCS leases as provided by Section 8(g) of Outer Continental Shelf Lands
Act (ONRR, 2016a). It transferred a total of $94.8 million to the State from FY 2003 through FY
2016 under the same provision. These revenues are from production at Northstar in the Beaufort Sea
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State waters adjacent to the 3-mile line separating U.S. and State waters. The proposed facility
directionally drills from State waters into the OCS resulting in OCS production revenues shared
between the U.S. government and the State under Section 8(g) provisions. The $1.42 million of
Section 8(g) revenue represents a relatively small share compared to the $7.4 billion the State collects
from oil and gas royalties within the State.

3.3.2.2.3 NSB Revenues

The NSB receives revenues primarily from property taxes on high value onshore oil and gas
infrastructure at Prudhoe Bay. NSB property taxes increased from $307 million in 2011 to $339
million in 2015 (ADLWD, 2015c). As the depreciable value of oil and gas infrastructure decreases,
the revenues accruing to the NSB from oil and gas activities will also decline unless new onshore
infrastructure is constructed.

The NSB FY 2015 Operating Budget was $379 million and the property taxes collected on the oil and
gas infrastructure was $340 million, which represents 90 percent of the operating budget (NSB,
2017).

3.3.2.3 Population

Table 3-11 provides 2015 population data for the SOA, NSB, local jurisdictions, and Prudhoe Bay
(Prudhoe Bay is not a jurisdiction). Oil and gas workers who regularly rotate in and out of Prudhoe
Bay are not permanent residents of the Borough.

Table 3-11 Population of Permanent Residents (2015)

Jurisdictions Population
State of Alaska 737,200
NSB 9,890
Utqiagvik (formerly Barrow) 4,550
Kaktovik 240
Nuigsut 450
Prudhoe Bay (not a jurisdiction) 0

Source: ADLWD, 2015e.

While the overall population of permanent residents of the State and the NSB increased between 2000
and 2012, most of the small communities of the NSB lost population over that time period (Hilcorp,
2015, Appendix A).

3.3.3 Subsistence Activities and Harvest Patterns
3.3.3.1 Overview

A primary source of information for this section is Galginaitis (2014b), adopted from the September
8, 2015 Hilcorp EIA (Hilcorp, 2015, Appendix A). The discussion focuses on subsistence harvest
patterns for Nuigsut and Kaktovik. The information included in Hilcorp’s 2015 EIA was reviewed
and verified by BOEM, and BOEM has updated and expanded the information. BOEM has added
information about Utgiagvik due to the importance of marine mammal hunting and coastal fishing for
the residents of Utqiagvik. The discussion provides greater detail about the bowhead whale hunt
launched from Cross Island than whaling in other communities because it is the subsistence whaling
activity closest to the Liberty site (Galginaitis, 2014b). BOEM also relied on information in the OCS
Study MMS 2009-003 (SRB&A, 2010) and the OCS Study BOEM 2013-218 (Galginaitis, 2014a).

For centuries, physical and cultural survival in the Arctic has centered on gathering of subsistence
foods and materials and the knowledge needed to harvest these resources. The majority of permanent
residents of the NSB are of Ifiupiat descent (Hunsinger and Sanberg, 2013; NSB, 2010). Ifiupiaq
culture, similar to any culture, changes and evolves through time. The Ifiupiat pass knowledge and
beliefs about subsistence resources and practices from one generation to the next, including
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observations of animal behavior (NSB, 2010). They do this to successfully locate and harvest fish and
game in the present and ensure successful harvests in the future (Spencer, 1976).

The Ifiupiat of northern Alaska remain socially, economically, and ideologically loyal to their
subsistence heritage and way of life (BurnSilver et al., 2016; Fall, 2016; Galginaitis, 2014a, 2014b;
Kishigami, 2013a, 2013b; Martin, 2012; NSB, 2010; USDOI MMS, 2001). In 2010, 66.7 percent of
Ifiupiat households reported depending on subsistence resources for one-half or more of their total
diet (NSB, 2010). In Alaska, a subsistence way of life includes substantial amounts of resource
sharing and other types of exchanges within and between related kinship groups, families, and
households (BurnSilver et al., 2016; Carothers, Cotton, and Moerlein, 2013; Heinrich, 1963;
Kishigami, 2013a, 2013b; NSB, 2010; Wolfe and Magdanz, 1993; Wolfe et al., 2009).

For residents of Nuigsut, Kaktovik, and Utgiagvik, many subsistence activities are practiced and
serve a central focus of personal and cultural identity. Subsistence harvests are usually group
activities that further the cultural values of community, kinship, respect for elders, and cooperation.
Subsistence activities provide social organization and integration and a rich diet that contributes to
good health (Kishigami, 2013a, b); subsistence foods, especially the fats therein, are healthier than
store-bought foods and reduce the risk of cardiovascular disease (Nobmann et al., 2005). Subsistence
harvests provide special foods for religious and social occasions, preserving traditional practices such
as the Apugauti (Beaching of the Boats) festival and the Nalukataq (Spring Whaling) festival held to
pay respect and honor to the harvested whales and ensure the success of future hunting seasons
(Kishigami, 2013a, b). These festivals often include large feasts in which many residents, especially
elders, widows, and other persons in need can partake of highly esteemed foods and reaffirm their
identities as Ifiupiat (Kishagami, 2013a, b). People living in Nuiqsut, Kaktovik, and Utqiagvik give
and receive maktak, whale meat, and other subsistence foods and local resources to connect families
and communities and maintain ties with family members living far outside these communities
(BurnSilver et al., 2016; Carothers, Cotton, and Moerlein, 2013; Kishigami, 2013a, b).

The most visible and easily documented component of subsistence activities on the North Slope is the
actual harvest of subsistence resources (Galginaitis, 2014b). Communities tend to harvest local
resources most available to them, concentrating efforts along rivers and coastlines and at sites close to
town that have proven particularly productive. Two broad subsistence harvest niches (i.e., groupings,
mixes) occur on the North Slope and demonstrate how subsistence resources generally co-occur in
time and/or space (Galginaitis, 2014b): coastal and marine harvesting of whales, seals, waterfowl,
fish, and other marine species; and terrestrial and aquatic harvesting of caribou, fish, moose, bears,
furbearers, small game, and edible roots and berries. Kaktovik, Nuigsut, and Utqiagvik depend on
resources from each of these groupings with marine mammals, especially bowhead whales, caribou,
and fish being the primary resources harvested. Various types of ice seals and migratory waterfowl
play important roles at certain times of the year. The communities differ in their overall subsistence
harvest patterns.

Global climate change is already having immediate impacts on Alaska Native peoples and other
indigenous communities in the Arctic (Becker, 2011; Parson et al., 2001). For the North Slope,
BOEM anticipates increases in temperature, sea level, rain, and ocean acidification and decreases in
snow extent, permafrost, and sea ice coverage and thickness (Section 3.1.6). Climate change in the
NSB has adversely impacted the timing of wildlife migrations, access to subsistence resources, failure
of village infrastructure, erosion of village lands, and loss of food storage capacity related to
permafrost thawing and failing ice cellars (ANTHC, 2014; NSB, 2014, 2015).

Hunters from Utqiagvik and Kaktovik have noted more bowhead whales during recent decades;
however, less multi-year sea ice and thinner shorefast ice has made it difficult for whalers to find ice
on which to haul whales out for butchering in spring (Huntington, Quakenbush, and Nelson, 2016,
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p. 2). In this study, hunters reported travelling on sea ice for hunting is more dangerous and limited
now, because shorefast ice is thinner, less extensive, and no longer anchored by multi-year ice.

Some effects of global climate change during the next 25 years may be beneficial for subsistence
hunters. For example, rising water levels in rivers are projected, which most likely would improve
and extend upriver and downriver access to important subsistence harvest areas and resources such as
caribou, moose, and freshwater fishes (Huntington, Quakenbush, and Nelson, 2016). Whalers living
in Nuigsut rely on boat travel down the Colville River to access Cross Island and their traditional
whaling area.

As described in Section 3.1.6, global climate change is projected to have many and varying effects in
Arctic Alaska in the foreseeable future, and some changes in baseline environmental and social
conditions could become more evident during the life of the Proposed Action. The current conditions
in the Proposed Action Area would most likely change during the 25-year life of the Proposed
Action; subsistence hunters have emphasized that effects on marine mammals and people are the
result of interactions among multiple factors, not of changing sea ice alone (Huntington, Quakenbush,
and Nelson, 2016, p. 3). Hunters have been able to adapt to some of these changes by improved
equipment and changes in the timing of hunting, and marine mammals appear to be adjusting to a
longer open-water period (Huntington, Quakenbush, and Nelson, 2016).

3.3.3.2 Subsistence Communities

The Proposed Action Area encompasses lands and waters traditionally and presently used for
subsistence harvests by residents of Nuigsut and Kaktovik (Figure 3-32; Galginaitis, 2014b; Pedersen,
1979; SRB&A, 2010). Nuigsut is approximately 80 miles west of the proposed LDPI, and Kaktovik is
approximately 94 miles east of the proposed LDPI (Galginaitis, 2014b). In the following subsections,
BOEM describes details of relevant subsistence resources relative to each community.
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Figure 3-32 Subsistence Use Areas for Utqiagvik, Nuigsut, and Kaktovik
Subsistence use areas were derived from interviews with active and knowledgeable
subsistence harvesters in the following communities: 75 harvesters in Utgiagvik, February,
March, April, and December 2006; 33 harvesters in Nuigsut, November 2004, November
2005, and November, December 2006; 38 harvesters in Kaktovik in June 2005, November
2005, and November 2006.

Source: Stephen R. Braund & Associates (2010) in coordination with the North Slope Borough Department of

Wildlife Management, local tribal governments, and local subsistence harvesters.

The areas for Nuigsut’s bowhead whaling, Kaktovik’s caribou hunting, and the Arctic cisco
subsistence fishery in the Colville River are discussed in greater detail than other subsistence
resources. These three subsistence resources are critical to maintaining the sociocultural system and
are considered most proximate to the Proposed Action Area and may overlap with it to the greatest
extent at various times of year due to normal movement patterns exhibited by these species. Many of
the marine mammals, birds, fish, and caribou harvested by Nuigsut and Kaktovik in areas and places
outside the Proposed Action Area migrate through and/or use the Proposed Action Area for habitat
(Galginaitis, 2014b; NOAA, 2014). Changes or disruptions to these migratory resources could
potentially affect subsistence harvesters in Nuigsut and Kaktovik and in places farther from the
Proposed Action Area such as Utgiagvik to the west and Inuvialuit communities near the Mackenzie
River delta to the east.

3.3.3.2.1 Nuigsut

The city of Nuigsut is located about 12 miles inland on the Colville River, which is navigable for a
substantial distance. It is located in the midst of numerous oil company facilities and industrial
developments. In 1973, 27 Ifiupiat families moved back to Nuigsut from Utqiagvik; in 1974, the
Arctic Slope Regional Corporation funded construction of the community. The population of Nuigsut
in 2010 was about 415, and about 92 percent were Alaska Native peoples (NSB, 2015a). Nuigsut
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generally has more of a terrestrial orientation than Kaktovik (Galginaitis, 2014b). The Colville River
provides access to the ocean, however, and residents of Nuigsut do rely on the harvest of marine
mammals. Nuigsut hunters go looking for bowhead whales offshore from camps on Cross Island
starting in late August and ending in October (Galginaitis, 2014a, 2014b). Belugas are not a
prevailing subsistence resource for Nuigsut (NOAA, 2014). Caribou are hunted throughout the year
by residents of Nuigsut, but June through September are the predominant months for caribou hunting
using boats along the coast and the Colville River (Table 3-12; SRB&A, 2010). Nuigsut hunters use
coastal areas around the Colville River delta to harvest geese and sea ducks (SRB&A, 2010).
Residents of Nuigsut primarily go fishing inland in the Colville River for Arctic cisco and other
species. Moose are important for subsistence to residents of Nuigsut, but are primarily hunted inland
along the Colville River south of town (SRB&A, 2010). Galginaitis (2014b) and Pedersen (1996)
reported Nuigsut’s overall total subsistence harvest is almost equally divided among marine mammals
(32 percent), terrestrial mammals (33 percent), and fish (34 percent).

3.3.3.2.2 Kaktovik

The city of Kaktovik is located on Barter Island and has no nearby rivers that are navigable for any
great distances. The community is on the northern edge of the 20 million acre Arctic National
Wildlife Refuge. In 2010, there were about 308 residents, and over 88 percent were of Alaska Native
descent (NSB, 2015b). Kaktovik is generally considered to be oriented toward harvests of coastal and
marine resources (Galginaitis, 2014b). Inland terrestrial resources also play important roles in the
annual round of subsistence activities of Kaktovik (Table 3-12; Jacobson and Wentworth, 1982;
SRB&A, 2010). Kaktovik hunters go for bowhead whales offshore in September and hunt for caribou
throughout the year, but primarily in July and August on the coastline and barrier islands (Huntington,
2013; Koski et al., 2005; SRB&A, 2010; Wolfe, 2013). Seals are important to residents of Kaktovik
and are hunted offshore and in coastal areas April through September (SRB&A, 2010). Researchers
documented that beluga whales did not play a major role in the annual subsistence round for Kaktovik
but were occasionally harvested during the bowhead season in September (Jacobson and Wentworth,
1982; Frost and Suydam, 2010; NOAA, 2014). However, Kofinas et al. (2016, p. 71, 126) found
beluga to be a core subsistence species harvested and shared in Kaktovik; the communal hunt takes
place near the village outside the Proposed Action Area and thus is not analyzed in Chapter 4. The
residents of Kaktovik use coastal areas and rivers to fish for Arctic char and Arctic cisco in July and
August and hunt geese and sea ducks May through September (Pedersen, 1990a; SRB&A, 2010). For
Kaktovik, 59 to 68 percent of the total subsistence harvest has historically consisted of marine
mammals, 17 to 30 percent terrestrial mammals, and 8 to 13 percent fish (Galginaitis, 2014b;
Pedersen, 1996).

3.3.3.2.3 Utqiagvik

The town of Utqiagvik (previously Barrow) is the largest permanent community on the North Slope
and serves as the administrative and commercial hub of the region. It is a traditional Ifiupiag
settlement and the largest employer in the NSB, with numerous residents and businesses providing
support services to oil field operations (NSB, 2010, 2015¢). In 2010, the population of Utqgiagvik
ranged from 4,212 to 4,974 and 61 to 68 percent were Alaska Native peoples (Norris, Vines, and
Hoeffel, 2012; NSB, 2015c). Subsistence whaling, caribou hunting, and fishing are important to the
economy (Table 3-12; Schneider, Pedersen, and Libbey, 1980; SRB&A, 2010), and many residents
with full- or part-time jobs continue to hunt and fish for food and sociocultural identity (NSB, 2015c).
Whaling crews from Utqiagvik go for bowheads April through May and September through October
in offshore areas using boats and various other types of equipment (Kishigami, 2013a, 2013b;
SRB&A, 2010). Utqiagvik residents primarily hunt caribou in coastal areas by boat from July through
September and fish for Arctic char, Arctic cisco, and broad whitefish at coastal sites and inland
waters from June through December (SRB&A, 2010). Residents of Utqgiagvik use coastal areas for
hunting eiders April through October and geese in May (SRB&A, 2010). Other marine mammals are
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important for subsistence in Utgiagvik including ringed seals throughout the year (pursued by boat or
on ice with snowmachines); and bearded seals and walrus, pursued June through August offshore by
boats (SRB&A, 2010). Beluga whales play a minor role in the subsistence economy of Utqgiagvik and

are generally harvested incidental to whaling or fishing (Frost and Suydam, 2010; SRB&A, 2012).
For calendar year 1992, Fuller and George (1997) reported Utqgiagvik’s overall total subsistence
harvest approximately divided among marine mammals (72 percent), terrestrial mammals (19
percent), fish (7 percent), and birds (2 percent).

Table 3-12

Utqiagvik, Nuigsut, and Kaktovik Subsistence Resources and Peak Harvest!

Resource Group

Subsistence
Resource

Utgiagvik

Nuigsut

Kaktovik

Marine Mammals

Bowhead Whale

April — May &
September — October

September

September

Marine Mammals

Bearded Seal

June — August

June — September

July — September

Marine Mammals Ringed Seal June — August June — August June — September
. June — September April
Land Mammals Caribou July — September October — February July — August
. oo June — August
Fish Broad whitefish July — November October July — September
Fish Arctic cisco July — November October — November July — August
. . April
Fish Arctic char July — September August — September July — August
. ) May — June
Migratory Waterfowl Geese May — June April — May August — September
Migratory Waterfowl Eider ducks April — October June — August May — June
Note: 1 Peak Harvest Season = months of harvest effort for the last 10 years (1996-2006) measured as highest number of subsistence use

areas reported by month (SRB&A, 2010).
SRB&A, 2012; Galginaitis, 2014b; Jacobson and Wentworth, 1982.

Source:

3.3.3.3 Subsistence Resources
3.3.3.3.1 Bowhead Whales

The whaling tradition of the Ifiupiat people is essential for their continued cultural and social identity.
Bowhead whales (4gvig) and the relationship between whales and people are afforded special

significance.

“A bowhead whale is a special entity to the coastal Ifiupiat people. The Ifiupiat people
believe that a whale has the capability to see and hear what is happening in human
society from far away... a whale gives itself to a whaling captain and his wife who are
generous and kind both to other people and to the whale. A whaling captain’s wife is
thought to attract whales... for her husband’s whaling crew. Thus whaling captains and
their wives try to behave or speak properly so as not to threaten or bother whales... they
share their game with others and help those in trouble or need” (Kishigami, 2013:114-

115).

The bowhead whale harvest is highly important in Nuiqsut, Kaktovik, and Utqiagvik (Galginaitis,
20144, 2014b; Long, 1996; SRB&A, 2010). Hunting bowhead whales provides a cultural and
spiritual foundation for sharing and community cooperation (Ahmaogak, 1989; Kishigami, 2013).
The bowhead hunt serves an important function as an organizational framework for community
events throughout the year and a significant portion of the total community subsistence harvest in
typical years. Bowhead whaling strengthens family and community ties, and provides a sense of
common heritage in IAupiaqg society (Galginaitis, 2014a; Kishigami, 2013a, 2013b; USDOI, MMS,

1998).
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For Nuigsut residents, bowhead whales are a major subsistence resource (Galginaitis, 2014a, b).
Bowhead whales are the most critical subsistence resource in terms of importance for maintaining an
intact sociocultural system. The Nuigsut subsistence bowhead hunt is launched from a base camp
about 100 miles away from the village on Cross Island, which lies approximately 18 statute miles
north to northwest of the proposed LDPI (Figure 3-33; Galginaitis, 2014b). Cross Island is close to
the migration path for bowhead whales and is a traditional and historic whaling site.
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Figure 3-33 Nuigsut/Cross Island Location and Travel Routes with Landmarks

Source: Applied Sociocultural Research, 2013

Figure 3-34 depicts whale sightings in the Cross Island area for 2001 through 2012. Historically, the
hunt occurred around the start of September through mid-October. Recently documented seasons in
2001 through 2013 have lasted two to three weeks from late August through mid-September with
relatively little ice but frequent adverse weather conditions and large storms. There is a winch on
Cross Island that is used to pull whales up on shore for butchering. Nuigsut crews at Cross Island use

trailers and other structures as cabins.

Nuigsut hunters’ current quota is four strikes whether the animals are landed or not. Not all days are
equally good for whaling, and there are periods when crews do not go out because of wind and waves
(Galginaitis, 2014b). Whales are not reliably found in the same locations from one year to the next
near Cross Island. The hunt is largely cooperative in nature. When whales are spotted, the boats are
coordinated to intercept them in such a way that at least one crew should have a good shot at striking
a whale. Until a whale is spotted, however, crews may independently scout for whales. There is some
competition to be the first to strike a whale (Langdon, 1996), as this increases the prestige of that
captain and his crew. Once a whale is struck, all crews in the area go to help procure the whale, haul
it back to Cross Island, and process the animal into food and other useable products.
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Figure 3-34 Bowhead Whale Sightings in the Vicinity of Cross Island
Source: Reported by Nuigsut Whalers (NQT), 2001-2012. Bowhead whale sightings made during scouting and
hunting trips by whaling crews from Nuigsut with GPS tracks of whaling boats (Galginaitis, 20144, p.

85-86).

Nuigsut crews do their whale hunting immediately north of the Proposed Action Area, and in some
years have scouted for whales directly in the Proposed Action Area (Galginaitis, 2014a, b). The
general Nuigsut harvest area for bowhead whales is located off the coast between the Kuparuk and
Canning rivers. The whalers think of this area as bounded by the farthest distance from which they
would be willing to tow a whale back to Cross Island. During 2001 through 2012, the majority of
bowhead whales harvested by Nuigsut hunters were located north to northeast of Cross Island
(Galginaitis, 2009, 2014a; USDOI, BOEMRE, 2011b; SRB&A, 2010). All of their documented whale
strikes have been within an area extending from about the Northstar unit in the west to Bullen Point in
the east. Nuigsut crews have landed most of their whales in a smaller area from 5 miles west of Cross
Island to about 30 miles east of Cross Island (Figure 3-35; Galginaitis, 2009, 2014a, b; SRB&A,
2010).

This smaller area is most likely the core Nuigsut whaling area (Galginaitis, 20144, b). Some Nuigsut
whaling captains will set the eastern boundary as the Canning River/Flaxman Island area or even mid-
Camden Bay. For logistical reasons however, it would be unusual for a captain under current
operating procedures to strike a whale outside of the smaller core area. Once a whaling captain
reaches about 20 miles from Cross Island, he starts to consider the length of the tow back should he
strike a whale. Only when whalers cannot find whales closer to Cross Island than 20 miles do they
look and strike at farther distances (Galginaitis, 2014a, b; Huntington, 2013). Maps indicate that the
Nuigsut whaling area extends east to Kaktovik (Pedersen 1986; SRB&A 2010, 2011). This reflects
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one year in the 1980s when conditions were too poor to whale from Cross Island and Nuigsut whalers
continued on to Kaktovik and whaled from there with Kaktovik crews.

Nuigsut Landed Whale Locations, 1973-2013

1973-1985 (2 whaleslanded; 0.2 per year)
1986-1994 (10 whales landed: 1.1 per year)
1995-2013 (62 whales landed: 3.3 per year)
Whaling Boat GPS Tracks, 2001-2013
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Figure 3-35 Nuigsut Landed Whale Locations 1973-2013
Data displayed using aggregated global positioning system whaling tracks 2001-2012 (Galginaitis,
2014b).

Residents of Kaktovik participate in whaling for bowhead in September, sometimes travelling up to
50 miles offshore to harvest whales (SRB&A, 2010). Whaling crews from Kaktovik generally
reported travelling between Camden Bay to the west and Nuvagapak Lagoon to the east in search of
bowhead whales (SRB&A, 2010). The extreme limits of the Kaktovik whaling area are the middle of
Camden Bay in the west and just north of the Kogotpak River in the east. This is as far as Kaktovik
whalers can conceive of trying to tow a whale back to Kaktovik (Galginaitis, 2014b). The western
edge of this area is about 65 miles east of the Proposed Action Area. The core whaling area for
Kaktovik is from the Okpilak and Hulahula rivers in the west to what is labeled Tapkaurak Point on
the USGS base map in the east, farther from the Proposed Action Area. The core area extends out as
far as 20 miles from the coast, although most of the time crews will stay within approximately 12
miles of shore. Nearly all whales harvested since 1964 have been struck within this core area (Kaleak
1996; Koski et al., 2005). The farther away from Kaktovik a whale is killed the longer the tow will
be, and there is a greater chance that at least part of the meat will spoil.

There are over 50 whaling captains in the community of Utqiagvik (SRB&A, 2010). The spring hunt
(April through May) is conducted using skin-covered boats called umiags; spring whaling is ice-based
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and snowmachines are also used in these bowhead hunts (Kishigami, 2013). The spring bowhead hunt
generally occurs west of Point Barrow and closer to shore, while fall hunting occurs September
through October both west and east of Point Barrow and sometimes greater than 20 miles offshore
(SRB&A, 2010, 2012). The fall hunt is shore-based using metal boats equipped with outboard motors
(Kishigami, 2013). Residents of Utgiagvik reported hunting bowhead whales almost as far as Smith
Bay to the east and as far as Skull Cliff to the west during the fall season (SRB&A, 2010). The core
area for bowhead whaling used by crews from Utqiagvik is located up to 20 miles offshore between
the Walakpa River to the west and Cooper Island to the east (SRB&A, 2010).

3.3.3.3.2 Ringed Seals and Bearded Seals

In the past 13 whaling seasons, two or three bearded seals have been taken; a few smaller seals were
taken for consumption by the whalers during the hunt, and the ugruk were butchered and sent back to
Nuigsut (Galginaitis, 2014a; Huntington, 2013). Nuigsut residents use bearded seal meat and oil for
its nutritional value, and hunters harvest ringed (Natchiq) and bearded (Ugruk) seals in the Beaufort
Sea during the open water season. Seal hunting activity peaks in July and continues through
September for Nuigsut hunters.

Subsistence use areas for ringed seal are located west from Cape Halkett, east to Camden Bay, and up
to approximately 20 to 25 miles from shore, with some hunters traveling up to 40 miles offshore near
Thetis Island (SRB&A, 2010). Hunting of ringed seals occurs in open-water near the ice pack as seals
follow the ice. Less sea ice in the future may affect seal behavior and availability for subsistence
harvest. The specific patterns of seal hunting may change during the 25-year life of the Proposed
Action. For Nuigsut hunters, bearded seal hunting occurs between Harrison Bay and Flaxman Island
with a high number of hunts occurring between the mouth of Fish Creek and Thetis Island. Hunting
occurs up to 20 miles offshore extending as far west as Cape Halkett eastward to Camden Bay, and
sometimes up to 40 miles offshore (SRB&A, 2010).

Nuigsut hunters currently harvest fewer seals than in the past (Galginaitis, 2014b). An exception is for
bearded seals, which are larger than other seals. Seal oil is still an important condiment in almost all
households, and bearded seals are preferred for making seal oil, and the meat is highly prized. A

small number of families with a maritime orientation catch most of the seals. There is fairly good
agreement among informants that the prime sealing area is just north of the Colville River delta and
centered on Thetis Island, which is the most commonly used base camp for this area (Galginaitis,
2014b; SRB&A, 2010). This core area extends as far west as Fish Creek and as far east as Pingok
Island. Other sites used as base camps in this area are the Spy Islands and Pingok Island. In 1990,
some people indicated that they sealed as far west as Atigaru Point, which they used as a base camp,
and as far east as the Cottle/Long Island area. They would seal in these areas before break-up by snow
machine. Now, most seal hunting is in June through September by boat and concentrates on ugruk.
Seal hunters and families reported camping for up to two weeks on the more eastern islands in 1990;
these would be multi-purpose trips and caribou and other subsistence resources would be taken if and
when they were encountered (Galginaitis, 1990a). This pattern is no longer evident, and Nuigsut
hunters tend to take seals more locally near Thetis Island and the Colville River delta during open-
water periods.

For Kaktovik, informants did not provide much specific information about where they hunt seals in
1990 (Galginaitis, 1990b). Jacobson and Wentworth (1982, p. 54) identified the most intensively used
sealing area as Pokok Lagoon in the east to Collinson Point near the Canning River to the west, which
is 62 miles east of Foggy Island Bay and the Proposed Action Area. Historically, Kaktovik residents
reported hunting bearded seals along the coast as far west as Prudhoe Bay and as far east as the
Canadian border (SRB&A, 2010).

Residents of Kaktovik have indicated that ringed seal hunting is less common than in the past because
there are so few sled dogs, and people used to use ringed seal for dog food (SRB&A, 2010). Ringed
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seal are usually harvested in conjunction with looking for bearded seals. Ringed seals are usually
harvested by boat or snowmachine during March through September. Most harvests occur after the
ice breaks up in July and through August. Bearded seals remain an important source of food for many
Kaktovik residents, and they are generally harvested in the same areas as ringed seals. Hunters have
traveled as far offshore as 30 miles in search of bearded seal but prefer to hunt them closer to shore
up to 5 miles off the coast (SRB&A, 2010). Kaktovik hunters can take seals in many places, and as
efficient hunters they most commonly take them close to the village. If they encounter seals farther
from the village, they will harvest them if logistics allow. All recently documented seal harvest for
Kaktovik is east of the Proposed Action Area (SRB&A, 2010). For Kaktovik, hunting for bearded
seals begins in March and ends in September.

Bearded seal is an important resource for residents of Utqiagvik, providing meat and oil for food and
skins for building umiags used during spring whaling (SRB&A, 2010). Informants indicated that
bearded seals follow the ice pack north during their summer migrations, and their availability to
subsistence hunters depends on the year’s ice conditions. Utgiagvik subsistence hunting of bearded
seals primarily occurs by boat May through September between Skull Cliff and Point Barrow and
over 20 miles offshore (SRB&A, 2010). SRB&A (2010) reported a relatively high number of use
areas for bearded seal farther from shore, as far west as Peard Bay, and as far east as Ekalugruak
Entrance.

During interviews in Utqiagvik, respondents indicated that ringed seals are not harvested in great
guantities and are not as important as bearded seals (SRB&A, 2010). A number of respondents did
report that they continue to hunt ringed seals during all months as needed, using them for meat and
oil, and some said that they hunt for ringed seals while looking for bearded seals. For Utqiagvik, the
majority of hunting for ringed seals takes place June through August by boat. Subsistence use areas
for ringed seals extend offshore from Peard Bay in the west to beyond Smith Bay to the east. The core
area for hunting ringed seals is from Nulavik to Point Barrow and along the coast to Skull Cliff and
along the Tapkaluk Islands (SRB&A, 2010).

3.3.3.3.3 Walruses

Subsistence walrus (Aivig) harvests on the North Slope can vary by tenfold between years, and in
some years none are taken (Fuller and George, 1997). Walrus are rarely seen near Kaktovik and are
not harvested on any purposive or regular basis (Galginaitis, 2014b; SRB&A, 2010; USDOI, MMS,
1982). Walruses are rare in the Eastern Beaufort Sea and only harvested by Kaktovik hunters when
they present themselves during other hunts in the summer months. Kaktovik hunters reported
occasionally hunting walrus offshore primarily north of Barter Island but also in areas west of the
village toward Mikkelsen Bay and east near Herschel Island. Fuller and George (1997) indicated a
harvest of five walrus for Kaktovik in 1992. Walrus were listed in only one of four previous years
when surveys were conducted in Kaktovik (ADF&G, 1995).

Walruses have been rarely encountered by Nuigsut hunters in the past (USDOI, MMS, 1982). In 2 of
the last 13 years, Nuigsut whalers at Cross Island have seen and taken a single walrus (Galginaitis,
2014b). These were considered to be rare encounters. Nuigsut residents rarely see walrus close
enough to the community to hunt them on a regular basis; there is not much on the central and eastern
Beaufort seafloor for walruses to eat (Huntington, 2013). Walrus are not purposively hunted near
Cross Island because the focus is on whaling, and the noise made by purposively firing weapons at
walruses is believed to frighten whales further out to sea (SRB&A, 2010), and thus walrus hunting is
not analyzed in Chapter 4.

3.3.3.3.4 Polar Bears (Nanuq)

For the Ifiupiat and the Inuit, polar bears hold substantial cultural significance and symbolism and are
worthy of great respect; people of the Arctic had many traditional uses of polar bears (Pokiak, 2013;
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Russell, 2005). Historically, subsistence hunters have targeted polar bears, particularly in years when
polar bears are unusually abundant near communities (Galginaitis, 1990b; Jacobson and Wentworth,
1982; Nageak, Brower, and Schliebe, 1991; USFWS, 2010a; VVoorhees et al., 2014). Traditionally, the
majority of polar bears were harvested in late fall and early winter, when bears are in good condition
and there is adequate snow cover for tracking bears with dog teams or snowmachines (Russell, 2005;
Voorhees et al., 2014).

The Proposed Action Area overlaps with the historical extent of traditional polar bear hunting areas
for Nuigsut and Kaktovik (ADF&G, no date; Pedersen, Coffing, and Thompson, 1985). For
Kaktovik, however, the core area for polar bears was closer to the village, extending from the
Hulahula-Okpilak River delta on the west to Pokok Lagoon on the east and as far as 10 miles offshore
(Jacobson and Wentworth, 1982). The relatively few polar bears taken by Nuigsut hunters are caught
primarily at Cross Island during the whaling season. Most polar bears taken at Cross Island are
considered nuisance bears, bothering the whaling crews or approaching butchered whales to feed
(Galginaitis, 2009b, 2014a, b).

In Kaktovik, bears are occasionally harvested in town near peoples’ homes to protect human life and
property. This has occurred at times when village-run bear hazing patrols were not operating
(USFWS, 2010b). In 2004, the FWS, Office of Marine Mammals began working closely with staff at
the Arctic National Wildlife Refuge to expand outreach and education efforts with residents of
Kaktovik to address human/bear interactions and to engage local residents in polar bear conservation.
A new focus of this partnership has been addressing the increase in polar bear viewing tourism late
July through October at Barter Island and establishing a permitted program for community-based
polar bear viewing tourism (USFWS, 2010b, 2015; Wolfe, 2013). Polar bear viewing on Barter
Island, when bears gather to feed on remains of the bowhead hunt, has been formally classified as a
sensitive tribal area and activity for Kaktovik (Wolfe, 2013). The bear viewing operations provide
employment for local guides and engage local youth in polar bear conservation. Tourism centered on
polar bear viewing in Kaktovik is a growing industry, thereby both continuing and expanding the
local resource values and cultural relationships associated with polar bears (Dvorak and Brooks,
2013).

There are fewer active polar bear hunters today in northern Alaska than in the past, and the average
number of polar bears harvested per active subsistence hunter has decreased compared to previous
generations (Voorhees et al., 2014, p. 532). In 1989 to 1990, North Slope hunters from four villages
harvested 24 bears, including one killed in defense of life and property (Nageak, Brower, and
Schliebe, 1991). In 2008 to 2009, subsistence polar bear harvest was recorded to be 19 bears for
Utqiagvik, 4 bears for Kaktovik, and 0 for Nuigsut (USFWS, 2010b). Polar bears are primarily
harvested opportunistically during other subsistence pursuits (such as seal hunting), while travelling
between villages, or for public safety — not necessarily as a regular source of food, hides, or
handicrafts (Jacobson and Wentworth 1982; Russell, 2005; MMS, 2002, Volume I, p. I11-11;
USFWS, 2010b; Voorhees et al., 2014), and thus subsistence polar bear hunting is not analyzed in
Chapter 4. See Section 3.2.4.11, Marine Mammals and Acoustic Environment — Polar Bears for
information about harvest and quotas.

3.3.3.3.5 Caribou

Caribou (Tuttu) are an important subsistence resource for the residents of Nuigsut, Kaktovik, and
Utqgiagvik, providing a substantial amount of subsistence foods and other materials for these
communities on an annual basis (Braem et al., 2011; Fuller and George, 1997; Galginaitis, 2014b;
Jacobson and Wentworth, 1982; SRB&A, 2010). For these three communities, caribou hunting peaks
in July and August, tapering off in September (SRB&A, 2010). Summer caribou are generally hunted
by boat, along the coastline or shores of barrier islands where groups of caribou congregate for relief
from insects and heat.
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Hunting for caribou for Nuigsut occurs throughout the year, with June through September being
primary harvest months (SRB&A, 2010). Nuigsut has hunted caribou from the Beaufort Sea coast
south to the foothills of the Brooks Range and from the Sagavanirktok River and Prudhoe Bay in the
ecast to Utgiagvik and Atgasuk in the west (SRB&A, 2010). Nuigsut hunters conduct their caribou
hunts primarily by boat after the river ice breaks up. The core caribou hunting area for Nuigsut is
primarily along the Colville, Itkillik, Chandler, Anaktuvuk, and Kikiakrorak rivers; along the coast
between Atigaru Point and Oliktok Point; in an overland area surrounding Fish and Judy creeks, and
Colville River to the west and Itkillik River to the east (SRB&A, 2010). The Proposed Action Area is
spatially near the far eastern extent of the caribou hunting area for Nuiqgsut, and operations are
proposed for the open water season when Nuiqgsut hunters go for caribou along the coast and barrier
islands. Specific harvest locations collected by the NSB and ADF&G indicate the primary harvest
areas for caribou include the immediate Nuigsut locality, Colville River delta, Niglig Channel, and
Fish and Judy creeks (Braem et al., 2011; Brower and Hepa, 1998).

Caribou are the staple and most preferred terrestrial mammal in Kaktovik’s subsistence diet (Jacobson
and Wentworth, 1982; Wolfe, 2013). Kaktovik residents harvest caribou from the Porcupine and
Central Arctic caribou herds. The Central Arctic herd to the west of Kaktovik is the focus of the
summer hunt because these animals are fatter (Wolfe, 2013). Kaktovik hunters go for caribou year-
round, using boats or snowmachines; July and August are the peak months for caribou hunting with
boats (SRB&A, 2010). Caribou are generally harvested where they are found, and people prefer to
take them close to the community but will travel farther when caribou are not found nearby the
community (Galginaitis, 2014b). Kaktovik residents reported hunting caribou along the coast as far
east as the Mackenzie River delta in Canada and as far west as the Ikpikpuk River and around the
shores of Teshekpuk Lake (SRB&A, 2010). The Proposed Action overlaps temporally and spatially
with the far western extent of Kaktovik’s subsistence caribou hunting area along the coast and barrier
islands.

The primary caribou hunting area for Kaktovik is a smaller core area along the coast between Bullen
Point and Demarcation Bay (Galginaitis, 2014b; SRB&A, 2010). Bullen Point is approximately 2
miles east of the Proposed Action Area. Caribou hunters from Kaktovik sometimes hunt in coastal
areas west of the Arctic National Wildlife Refuge to Flaxman Island and occasionally farther west to
the Shaviovik River and Foggy Island (LGL Alaska et al., 1998; SRB&A, 2010). In most years,
hunters from Kaktovik seldom use, or expect to use, this entire area, but it is important to have this
larger coastal area available during times when caribou and other important resources are not present
near the community or in the core hunting area. The information available indicates that over half the
caribou harvested by Kaktovik residents are taken during June through September on the coast
(Pedersen and Coffing, 1984; Coffing and Pedersen, 1985; Pedersen, 1990b; Wentworth, 1979; LGL
Alaska et al., 1998). Kaktovik hunters also harvest substantial numbers of caribou in April but not as
many as in July and August (Pedersen, 1990b; SRB&A, 2010). Kaktovik hunters use coastal sites at
both these times of year. Fifty-eight percent of the total caribou harvest came from coastal sites in
1987 and 1988 (Pedersen, 1990b).

Historically, researchers have documented Kaktovik’s summer subsistence area extending from the
Canadian border to Tigvariak Island west of Mikkelsen Bay, which overlaps with the Proposed
Action Area (Pedersen, 1986; Galginaitis, 1990b, 2014b; SRB&A, 2010). Available information on
specific locations of caribou harvest is limited and dated for Kaktovik, but indicates that current
coastal harvest usually takes place no farther west than the Canning River and no farther east than
Griffin Point (Pedersen and Coffing, 1984; Coffing and Pedersen, 1985; Pedersen, 1990b). For the
years 1981 through 1988, Kaktovik hunters caught less than 10 percent of their total caribou at the
mouth of the Canning River (Galginaitis, 2014b). For the regulatory year 1982 and 1983 when
caribou were not as available in other areas, Kaktovik hunters took 37 percent of their caribou harvest
from the Canning River delta (Pedersen and Coffing, 1984; Coffing and Pedersen, 1985; Pedersen