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Abstract

U.S. Department of the Interior, Bureau of Land Management (BLM)

U.S. Army Corps of Engineers, U.S. Fish and Wildlife Service, U.S. Environmental
Protection Agency, State of Alaska, North Slope Borough, Native Village of Nuigsut,
City of Nuigsut, and the Ifiupiat Community of the Arctic Slope.

Construct the infrastructure necessary to allow the production and transportation to
market of federal oil resources under leaseholds in the northeast area of the National
Petroleum Reserve in Alaska (NPR-A), consistent with the Proponent’s (ConocoPhillips
Alaska, Inc.) federal oil and gas lease and unit obligations.

The Willow Master Development Plan (MDP) Draft Environmental Impact Statement
(EIS) was published on August 23, 2019. The Draft EIS analyzed a No Action
Alternative (Alternative A), three action alternatives (Alternatives B, C, and D), and two
module delivery options (Options 1 and 2) to support a new development proposed by
ConocoPhillips Alaska, Inc. on federal oil and gas leases in the northeast area of the
NPR-A. On March 26, 2020, BLM published a targeted Supplement to the Draft EIS that
addressed additional analysis for three new Willow MDP Project components added by
the Proponent: a third module delivery option (Option 3), a constructed freshwater
reservoir, and up to three boat ramps for subsistence access. If the MDP is approved, the
Proponent may submit applications to build up to five drill sites, a central processing
facility, an operations center pad, gravel roads, ice roads and ice pads, 1 or 2 airstrips
(varies by alternative), a module transfer island, pipelines, and a gravel mine site. The
Willow MDP Project would have a peak production in excess of 160,000 barrels of oil
per day (with a processing capacity of 200,000 barrels of oil per day) over its 30- or 31-
year life (varies by alternative), producing approximately 590 million total barrels of oil,
and would help offset declines in production from the North Slope oil fields and
contribute to the local, state, and national economies. The EIS describes proposed
infrastructure and potential effects on the natural, built, and social environments. The
action alternative discussion includes existing lease stipulations and best management
practices and proposed mitigation measures to avoid, reduce, and minimize the potential
effects. BLM and other state and federal agencies will decide whether to authorize the
Willow MDP Project, in whole or in part, based on the analysis contained in the Final
EIS, as well as other state and federal permit review processes.

The EIS analyzes the following resources in detail: climate and climate change; air
quality; soils, permafrost, and gravel resources; contaminated sites; noise; visual
resources; water resources; wetlands and vegetation; fish; birds; terrestrial mammals;
marine mammals; land ownership and use; economics; subsistence and sociocultural
systems; environmental justice; and public health.

Contact Racheal Jones, BLM Alaska Project Manager, at 907-290-0307 or visit the
Willow MDP EIS website at https://www.blm.gov/programs/planning-and-nepa/plans-
development/alaska/willow-eis.
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Dear Reader:

I am pleased to present the Willow Master Development Plan (MDP) Final Environmental Impact
Statement (Final EIS) for your review. The Final EIS addresses a list of issues and contains three action
alternatives for new development proposed by ConocoPhillips Alaska, Inc. (the Proponent) on federal oil
and gas leases in the National Petroleum Reserve in Alaska (NPR-A). BLM has identified Alternative B
and Module Delivery Option 3 as the preferred alternative. This alternative and module delivery option
provides for the protection of surface resources identified through the public scoping and public
comments.

The Proponent’s proposed project is to construct up to five drill sites, roads, pipelines, and ancillary
facilities to support the safe and economic production and transportation to market of oil and gas
resources under leaseholds in the NPR-A. The decision to be made from this EIS process is whether
BLM will authorize the Willow MDP, in whole or in part, based on the analysis contained in this Final
EIS, as well as other state and federal permit review processes.

The analysis of the alternatives and module delivery options was conducted based on public input
gathered from the 60-day comment period on the Draft EIS and the 45-day comment period on the
Supplement to the Draft EIS. The BLM held public comment meetings on the Draft EIS and
subsequently on the Supplement to the Draft EIS. Modifications to the Final EIS were made based on
public comment, cooperating agency coordination, tribal and Alaska Native Claims Settlement Act
corporation consultation, and the BLM’s internal review of the EIS. Consistent with 43 CFR 1503 .4, the
BLM evaluated all substantive comments received during the public comment period and responses are
included in the Final EIS.

The Final EIS may be accessed on the internet at https://www.blm.gov/programs/planning-and-
nepa/plans-development/alaska/willow-eis or a digital copy can be requested from Racheal Jones, Project
Manager, at (907) 290-0307 or rajones@blm.gov.

A Record of Decision will be signed no sooner than 30 days after publication of the Final EIS Notice of
Availability in the Federal Register.

Thank you for your continued interest in the Willow MDP EIS. We appreciate the information and
suggestions you contributed to the planning and analyses process. For additional information or
clarification regarding this document, please contact Racheal Jones, Project Manager.

Sincerely,

7

Chad B. Padgett
State Director

INTERIOR REGION 11 ¢ ALASKA
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EXECUTIVE SUMMARY
1.0 INTRODUCTION

The Bureau of Land Management (BLM) received a request from ConocoPhillips Alaska, Inc. (the
Proponent) on May 10, 2018, to prepare the Willow Master Development Plan (MDP) Environmental
Impact Statement (EIS). The Proponent is proposing the MDP to construct infrastructure components for
drill sites, roads, pipelines, and ancillary facilities to support the safe and economic production and
transportation to market of oil and gas resources under leaseholds in the National Petroleum Reserve in
Alaska (NPR-A) (Figure ES.1). If the development proposal is approved in the Record of Decision
(ROD) , the Proponent may submit permit applications for up to five drill sites, a central processing
facility, an operations center pad, up to 37.0 miles of gravel roads, up to 699.9 total miles of ice roads
during construction and up to 262.5 total miles of resupply ice roads during operations, one to two
airstrips, up to 385.5 miles of pipelines (on 94.4 miles of new piperack), and a gravel mine site on federal
land in the NPR-A. The Willow MDP Project (Project) would also include the transportation of modules
and construction materials via barges to the North Slope of Alaska. In addition, two of the module
delivery options would require the Proponent to submit applications to the State of Alaska for a module
transfer island (MTI) on State of Alaska submerged lands. Actions on both state and federal lands are
considered in the EIS. The Project is anticipated to have a peak production in excess of 160,000 barrels of
oil per day (with a processing capacity of 200,000 barrels of oil per day) over its 30- or 31-year life
(varies by alternative), producing approximately 586 million barrels of oil.

The Naval Petroleum Reserves Production Act, as amended (NPRPA), requires the Secretary of the
Interior to conduct oil and gas leasing in the NPR-A. Congress authorized petroleum production in the
NPR-A in 1980 (PL 96-514), but it was not until the 1990s that development on adjacent state lands made
exploration in the NPR-A economically feasible. In 1998, BLM completed an Integrated Activity Plan
(IAP) that assessed the potential use of the Northeast NPR-A for oil development (BLM 1998). The 1998
IAP was amended in 2005 and supplemented in 2008 (BLM 2005, 2008b). In 2012, BLM completed an
IAP/EIS that analyzed development scenarios and related environmental consequences for all BLM-
managed federal lands and oil and gas resources within the NPR-A (BLM 2012b). The IAP/EIS ROD was
issued in 2013 (BLM 2013a). A revised IAP/EIS was released in 2020 (BLM 2020a), the ROD is
forthcoming. The Willow MDP EIS tiers to the 2012 and 2020 IAP/EISs.

2.0 PURPOSE AND NEED

The purpose of the Proposed Action is to construct the infrastructure necessary to allow the production
and transportation to market of federal oil and gas resources under leaseholds in the northeast area of the
NPR-A, consistent with the proponent’s federal oil and gas lease and unit obligations. The need for
federal action (i.e., issuance of authorizations) is established by BLM’s responsibilities under various
federal statutes, including the NPRPA (as amended) and the Federal Land Policy and Management Act as
well as various federal responsibilities of cooperating agencies under other statutes, including the Clean
Water Act (CWA). Under the NPRPA, BLM is required to conduct oil and gas leasing and development
in the NPR-A (42 USC 6506a). BLM is required to respond to the Proponent’s requests for an MDP and
related authorizations to develop and produce petroleum in the NPR-A.

The U.S. Army Corps of Engineers (USACE), as a cooperating agency on the EIS, develops its own
overall purpose for the Project in accordance with its Section 404 CWA regulations. The overall purpose
of the Project, as defined by USACE, is to construct infrastructure to safely produce, process, and
transport commercial quantities of liquid hydrocarbons to market via pipeline from the Willow reservoir.
The overall Project purpose and need allows a robust consideration of alternatives while providing a
foundation to determine practicability, which is a key aspect of the Section 404 permitting process. An
alternative is practicable if it is available and capable of being done after taking into consideration cost,
existing technology, and logistics in light of overall Project purposes (40 CFR 230.10(a)(2)).
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The purpose and need of the Proposed Action is a key factor in determining a range of alternatives
required for consideration in an EIS and assists with the selection of a preferred alternative. The Final EIS
presents a reasonable range of alternatives that consists of a No Action Alternative and three action
alternatives, together with three sealift module delivery options. The Final EIS analyzes the
environmental impacts of these alternatives and informs how well each alternative meets the Project
purpose and need.

3.0 DECISION TO BE MADE

BLM and other authorizing cooperating agencies will, in their respective ROD(s), decide whether to
approve the Willow MDP and the associated issuance of permits and rights-of-way for the construction of
the development plan, in whole or in part, based on the analysis contained in the EIS. The ROD(s)
associated with the EIS will not constitute the final approval for all actions, such as approval for
subsequent individual applications for permits to drill and rights-of-way associated with the Proposed
Action. The EIS analysis does, however, provide BLM and other federal agencies that have regulatory
oversight and permitting authorities with information and the National Environmental Policy Act (NEPA)
analysis that could be used to inform final approvals for individual Project components, such as specific
permits to drill and rights-of-way.

4.0 PROJECT AREA

The Willow MDP area (Project area or Willow area) is located on the North Slope of Alaska, with the
majority of the proposed facilities on leased federal lands within the northeastern portion of the NPR-A
(Figure ES.2). Supporting infrastructure, including road connections, pipeline tie-ins, MTI, and the gravel
mine site would be located on federal and Native corporation—owned lands located in the Greater Mooses
Tooth (GMT) Unit, on un-unitized lands within the NPR-A, on private lands owned by Kuukpik
Corporation (Kuukpik), and on lands or waters owned and managed by the State of Alaska. None of the
facilities would be located on or near Native allotments. Where possible, Project pipelines would be
colocated with existing pipelines on federal, State, and Native corporation land.

Elements of the Project would occur within the Teshekpuk Lake Special Area of the NPR-A (as defined
in both the 2013 IAP/EIS ROD [BLM 2013a] and the 2020 IAP/EIS [BLM 2020a]), which was
designated by the Secretary of the Interior in 1977 for its significant value to waterfowl and shorebirds.
The designation has since been expanded to protect caribou and waterbirds, and their habitats.

5.0 SCOPING AND ISSUES

BLM identified substantive issues to be addressed in the Willow MDP EIS through public and agency
scoping (including internal BLM scoping) and consultation with Alaska Native tribes (Appendix B.1,
Scoping Process and Comment Summary). As part of the Project scoping process, the BLM considered
public and agency comments received during scoping meetings, and in consultation with Alaska Native
Tribes. The original scoping period was 30 days; however, it was extended by 14 days due to public
requests and officially ended on September 20, 2018. The community of Nuiqsut was given an additional
8 days to comment, for a total of 52 days. Public scoping meetings were held in Anaktuvuk Pass,
Anchorage, Atqasuk, Fairbanks, Nuigsut, and Utqiagvik (Barrow). The scoping summary report is
provided in Appendix B.1.

Issues identified during scoping included potential impacts to caribou and other wildlife species, wildlife
migration patterns and habitat fragmentation, special areas protected under the IAP (BLM 2012c¢),
subsistence use and traditional ways of life, stakeholder engagement, alternatives development, and the
long-term effects of climate change. These and other issues raised are addressed in the EIS.
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6.0 CHANGES SINCE THE DRAFT ENVIRONMENTAL
IMPACT STATEMENT

The Draft EIS comment period began on August 30, 2019. The comment period was open for 45 days and
subsequently extended for 15 additional days, ending on October 29, 2019. Meetings were held in
Anaktuvuk Pass, Anchorage, Atqasuk, Fairbanks, Nuiqsut, and Utqiagvik (Barrow). The Nuiqsut meeting
included the public hearing for comments regarding the Project’s potential impacts to subsistence
resources and activities per Section 810 of the Alaska National Interest Lands Conservation Act
(ANILCA). BLM received written comments by mail, fax, email, online comment form via ePlanning,
and handwritten and verbal testimony at public meetings.

Following publication of the Draft EIS, and in response to public comments and concerns raised during
the public comment period for the Draft EIS, the Proponent presented BLM with design updates to the
Project. A Supplement to the Draft EIS (SDEIS) was published on March 20, 2020, with additional
analysis for three new Project components that presented substantial changes to the proposed action: a
third sealift module delivery option, Option 3: Colville River Crossing, a constructed freshwater reservoir
(CFWR), and up to three boat ramps for subsistence access. The Proponent provided additional project
design updates; however, the changes were not expected to substantively change the overall analysis or
results described in Chapter 3.0 of the Draft EIS and were not addressed in the SDEIS. This Final EIS
incorporates all design changes into the Project analyses and considers public comments, feedback
received from cooperating agencies, and testimony received during public meetings, for both the Draft
EIS and the SDEIS. Key changes since the Draft EIS are summarized in the Final EIS Section 1.9,
Environmental Impact Statement Process and Changes Since Publication of the Draft Environmental
Impact Statement.

Various other clarifications, corrections, additions, and minor revisions to the alternatives considered and
the impacts analysis were made throughout the EIS and the appendices to improve the discussion of the
affected environment, to improve the analysis of potential impacts, to correct typographical errors, and to
address comments and recommendations from the public, cooperating agencies, tribes, and the affected
communities.

Details regarding public engagement for all stages of the NEPA process, including the Draft EIS and
SDEIS, and responses to substantive comments are included in Appendix B, Public Engagement and
Comment Response.

7.0 ALTERNATIVES

The range of alternatives developed for detailed analysis in the EIS consists of the No Action Alternative
(Alternative A) and three action alternatives (Alternatives B, C, and D) (Figures ES.2 and ES.3);
additionally, three sealift module delivery options (Options 1, 2 and 3) are included (Figure ES.2). All
action alternatives and options were evaluated for their ability to meet the Project purpose and need and
other screening criteria. Chapter 2.0, Alternatives, of the EIS describes the action alternatives, module
delivery options, and Project features common to all action alternatives. The Project updates were applied
to all action alternatives, and are summarized in Appendix D.1, Section 3.1.6, Updates to Alternatives
since the Draft Environmental Impact Statement. Detailed descriptions of the Project updates are included
in Section 4.2, Project Components Common to All Action Alternatives, through Section 4.7.3, Option 3:
Colville River Crossing. A detailed description of the alternatives development process, screening criteria,
and alternative elements considered but eliminated from further analysis, as well as each alternative and
option, is included in Appendix D.1, Alternatives Development.

Activity in the NPR-A is subject to a variety of lease stipulations (LSs) and best management practices
(BMPs) intended to reduce effects from development activity. In addition to the 2013 LSs and BMPs
(BLM 2013a), BLM is revising the NPR-A IAP (BLM 2020a), including potential changes to required
BMPs (described as required operating procedures [ROPs] in BLM 2020a). Updated ROPs adopted in the
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new NPR-A IAP will replace existing BMPs (BLM 2013a); however, applicable LSs would not change
because LSs are fixed at the time of lease issuance. Some requirements may apply as either a LS or
BMP/ROP. If the activity is based on lease rights, the LS would govern and could not be superseded by a
BMP/ROP; otherwise, the requirement would apply as a BMP/ROP. The terms BMPs and ROPs are used
interchangeably throughout this EIS. All projects are subject to BMPs/ROPS that are in place at the time
a permit for development is issued. (The reader is referred to Section 2.2.7, Lease Stipulations, Required
Operating Procedures, and Lease Notices, of the 2020 IAP/EIS for further discussion on this topic.) The
Willow MDP ROD will detail which of the measures will be implemented for the Project.

7.1 Alternative A: No Action Alternative

Under Alternative A, the Project would not be constructed; however, oil and gas exploration in the area
would continue. Under the NPRPA, BLM is required to conduct oil and gas leasing and development in
the NPR-A (42 USC 6506a). Alternative A is included in the analysis for baseline comparison, but BLM
does not have the authority to select this alternative because CPAI’s leases are valid and provide the right
to develop the oil and gas resources therein.

7.2 Alternative B: Proponent’s Project

Alternative B would extend an all-season gravel road from the Greater Mooses Tooth 2 (GMT-2)
development southwest toward the Project area. Gravel roads would connect to all Project facilities,
including the Willow Processing Facility (WPF), Willow Operations Center (WOC), airstrip, and all five
drill sites (Bear Tooth [BT] drill sites 1 [BT1], 2 [BT2], 3 [BT3], 4 [BT4], and 5 [BTS5]). Additional
Project support facilities would include a CFWR, four valve pads, four pipeline pads, two water source
access pads (at the CFWR and Lake L9911), eight road turnouts (with subsistence access ramps),
horizontal directional drilling (HDD) pipeline pads at the Colville River, and up to three boat ramps for
subsistence use (added to the Project by CPAI as mitigation to help offset Project effects on the
community of Nuigsut — see Section 2.5.13, Boat Ramps for Subsistence Users). Alternative B would
have a 454.1-acre gravel footprint with gravel sourced from the Project-developed Tigmiagsiugvik Mine
Site.

Alternative B would construct 37.0 miles of gravel road and 7 bridges. Infield (multiphase) pipelines
would connect individual drill sites to the WPF and export/import pipelines would connect the WPF to
existing infrastructure on the North Slope. Diesel fuel would be piped from Kuparuk River Unit
(Kuparuk) CPF2 to the Alpine Central Processing Facility and then trucked to the Project area. Seawater
would be piped from Kuparuk CPF2 to the WPF. Alternative B would also include a pipeline tie-in pad
near the Alpine development’s drill site 4N and an expansion of the existing pad at Kuparuk CPF2.
Sealift module delivery to the Project area would be required. Details on these options are included in
Section 2.6, Sealift Module Delivery Options.

The alternative was developed by the Proponent to provide a gravel access road from the existing gravel
road network in the GMT and Alpine developments to the Project facilities. The all-season gravel access
road connection to the Alpine development would allow for additional operational safety and risk
reduction by providing redundancies and additional contingencies for each project and would support
potential future development. Alternative B is BLM’s preferred alternative.

7.3 Alternative C: Disconnected Infield Roads

Alternative C would include the same gravel access road between GMT-2 and the Project area as
Alternative B, but it would not have a gravel road connection from the WPF to BT1. A gravel road would
connect BT1 with BT2 and BT4 using the same alignment as Alternative B, for a total of 35.3 miles of
gravel roads with six bridges. The WPF, South WOC, and primary Project airstrip would be located
approximately 5 miles east of their location in Alternative B, near the eastern Bear Tooth Unit boundary.

A second airstrip, storage and staging facilities, and WOC would be located near BT2 to accommodate
the personnel and materials transported between the South WOC and the North WOC and BT1/BT2/BT4.
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A 3.6-mile-long annual ice road would be constructed along the Alternative B gravel road alignment for
the life of the Project to allow for the movement of large equipment and consumable materials to
BT1/BT2/BT4. Infield pipelines would connect all drill sites to the WPF; a diesel pipeline would provide
fuel from Kuparuk CPF2 to the North and South WOCs; and export/import lines would connect the WPF
to existing infrastructure on the North Slope.

Alternative C Project infrastructure and facilities would require a 507.6-acre gravel footprint and would
also include four valve pads (two would be sized to be helicopter accessible at Judy [Iqalligqpik] Creek),
four pipeline pads, three water source access pads (at the CFWR and Lakes L9911 and M0235), eight
road turnouts (with subsistence access ramps), HDD pipeline pads at the Colville River, one boat ramp,
expansion of the existing gravel pad at Kuparuk CPF2, and a sealift module delivery option. Gravel
would be sourced from the Project-developed Tinmiagsiugvik Mine Site.

The intent of Alternative C is to reduce effects to caribou movement and decrease the number of stream
crossings required; this is also intended to further reduce impacts to subsistence users of these resources,
and reduce impacts to hydrology and wetlands.

7.4 Alternative D: Disconnected Access

Alternative D would colocate the WPF with BT3, construct four additional drill sites, WOC, pipeline and
valve pads, CFWR, two water source access road and pads at the CFWR and Lake M0235, gravel roads
connecting Project facilities, six bridges, an airstrip, a staging pad near GMT-2, one boat ramp, and an
expansion of the existing gravel pads at the Alpine development’s drill site 1 and at Kuparuk CPF2. There
would be a total gravel footprint of 444.3 acres with gravel sourced from the Project-developed
Tinmiagsiugvik Mine Site. Alternative D would not be connected by an all-season gravel access road to
the GMT and Alpine developments; but it would employ the other gravel roads as proposed under
Alternative B to connect drill sites with other Project infrastructure. Annual resupply access to the Project
area would be provided by ice road connection between GMT-2 and the WPF (12.5 miles) for the life of
the Project.

The intent of Alternative D is to minimize the Project’s footprint and fill, reduce the number of required
bridges (six versus 7), and lessen the length of linear infrastructure on the landscape to decrease effects to
caribou movement and subsistence. This alternative’s reduction of linear gravel infrastructure in the
Project area may also reduce impacts to hydrology (e.g., sheet flow) and wetlands (e.g., direct fill, indirect
impacts from dust).

7.5 Sealift Module Delivery Options

A total of nine sealift barges are anticipated for the Project to deliver large, prefabricated modules to the
North Slope. Three module delivery options are analyzed (Figure ES.2): Option 1, Option 2, and Option
3. Two options would construct a gravel island (i.e., an MTI) west of the Colville River, and then use ice
roads to transport the modules to their gravel pads. The MTI would have a 5- to 10-year design life. A
third option would deliver the modules to the existing Oliktok Dock and not require an MTI. This option
would use existing Kuparuk gravel roads and Project-specific ice roads to move the modules to the
Project area using an ice bridge to cross the Colville River near Ocean Point. Any of the module delivery
options could be coupled with any of the three action alternatives. Appendix D.1, Alternatives
Development, includes additional details for each option.

7.5.1 QOption 1: Atigaru Point Module Transfer Island

Option 1 would construct an MTI approximately 2.4 miles offshore in Harrison Bay near Atigaru Point to
support sealift module delivery. The MTI would be constructed from gravel sourced from the
Tinmiagsiugvik Mine Site and would provide an approximately 8.3-acre gravel work surface with a 12.8-
acre gravel footprint. MTI slopes would be armored with gravel bags and a 200-foot-long sheet pile dock
face would facilitate barge offloading. Modules would be barged to the MTI in the summer and stored
until the following winter when they would be transported to the Project area via ice road. A total of
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110.8 miles of ice road would be needed. The summer following the final sealift module delivery, the
island would be abandoned, and all facilities and anthropogenic materials would be removed, including
the gravel slope protection. It is anticipated the top of the island would drop below the water surface in 10
to 20 years following abandonment as it is reshaped by ice and waves. The intent of this option is to
provide the shortest delivery route without requiring dredging or additional marine impacts.

7.5.2 Option 2: Point Lonely Module Transfer Island

Option 2 would construct a similarly sized (13.0-acre gravel footprint) MTI at Point Lonely,
approximately 0.6 mile offshore from the former U.S. Department of Defense site. A total of 225.2 miles
of ice roads would be needed to construct the MTI and transport the sealift modules to the Willow area
over 3 winter construction seasons. The intent of this option is to move the MTI away from Nuiqsut’s
high subsistence use area, and to use existing onshore gravel infrastructure at Point Lonely for staging
purposes.

7.5.3 Option 3: Colville River Crossing

Option 3 is the Proponent’s proposed module delivery option and it would use the existing Oliktok Dock
to receive the sealift barges. Modules would then be transported over existing Kuparuk gravel roads to a
staging area near Kuparuk drill site 2P (DS2P); 5.0 acres of gravel footprint expansion would be required
to accommodate module movement. From Kuparuk DS2P, the modules would then be moved by heavy-
haul ice roads to GMT-2, crossing the Colville River on a partially grounded ice bridge near Ocean Point.
From GMT-2, the modules would be transported to the Project area over Project gravel roads
(Alternatives B and C) or ice roads (Alternative D) to reach the WPF and drill site gravel pads. A total of
80.2 miles of ice road would be needed. This option was developed in response to discussions with
stakeholders with the intent of reducing impacts associated with MTI construction and vessel traffic
through key marine harvesting areas in Harrison Bay. Option 3 is BLM’s preferred module delivery
option.

8.0 SUMMARY OF ENVIRONMENTAL CONSEQUENCES

Chapter 3.0, Affected Environment and Environmental Consequences, of the EIS details the affected
environment for social, physical, and biological resources and the potential environmental impacts
associated with each of the alternatives and module delivery options. Potential impacts for each resource
are described in terms of type, context, duration, and intensity.

Table ES.1 summarizes and compares key potential environmental impacts on resources and uses for each
action alternative. Table ES.2 provides a summary comparison of key impacts for sealift module delivery
options. For more information on all potential impacts, please refer to Chapter 3.0 of the EIS.
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Table ES.1. Summary Comparison of Key Impacts by Action Alternative
Project Resources Affected Alternative B: Proponent’s Project Alternative C: Disconnected Infield Alternative D: Disconnected Access

Component Roads
Total Project |Soil disturbance and permafrost thaw  [454.1 acres of gravel fill using 4.9 million | 507.6 acres of gravel fill using 5.8 million |444.3 acres of gravel fill using 5.9 million
footprint and Consumption of gravel resources cubic yards of gravel cubic yards of gravel cubic yards of gravel
gravel fill . . 607.0 acres of wetlands and 5.2 acres of | 663.9 acres of wetlands and 5.8 acres 597.8 acres of wetlands and 7.8 acres
volume Changes to Lmdls'tmbec[ charg cterls?lc freshwater waterbodies impacted by of freshwater waterbodies impacted of freshwater waterbodies impacted
visual landscape including night skies gravel fill or excavation (e.g., mine by gravel fill or excavation (e.g., by gravel fill or excavation (e.g.,
Wetlands lost within fill footprint site) mine site) mine site)
Habitat loss for fish, birds, caribou, and | 12.1 acres of screeding 12.1 acres of screeding 12.1 acres of screeding
polar bears in certain areas 18,759.5 acres of disturbance for birds®  |19,245.1 acres of disturbance for birds®  |17,873.3 acres of disturbance for birds?
Disturbance and displacement of birds, |(10,838.9 in high-use areas) (10,867.7 in high-use areas) (10,110.4 in high-use areas)
caribou, and polar bears Lesser potential for subsistence hunter Greatest potential for subsistence hunter |Least potential for subsistence hunter
Subsistence hunter avoidance avoidance due to infrastructure footprint. |avoidance due to larger infrastructure avoidance due to infrastructure footprint.
Lesser direct loss of subsistence use areas | [00tprint. Least direct loss of subsistence use areas
due to reduction in overall infrastructure | Greatest direct loss of subsistence use due to reduction in overall infrastructure
footprint. areas due to increase in overall footprint.
infrastructure footprint.
Location of | Perceived differences in air quality Near the airstrip and approximately 5 Near the south airstrip and approximately | WPF colocated with BT3
Willow. effect.s (Alternative C would be closer | miles east of BT3 5 miles east of BT3 Decreased potential for deflection of
P rocessing | to Nuigsut) The infield road could funnel caribou Decreased potential for deflection of migrating caribou, especially near the
F alellty, Disturbance and displacement of movement along the west side of the road | migrating caribou since it would remove | WPF, since it would remove the
WIHOW caribou (some Alternative C and toward the airstrip and WPF during | the perpendicular intersection of access | perpendicular intersection of access and
Operations | components would be in an area of fall migration south. and infield roads, which could be a pinch- | infield roads.
Center, and | {5yer caribou density) point for caribou movement. Caribou are | Caribou moving south along the east side
airstrip less likely to be funneled into the area by | o the infield roads during southerly
the infield road. movements in the fall would not have to
WPF, WOC, and southern airstrip would |cross a road, which would lower the
be further east, in an area with lower probability of delays or deflections.
densities of caribou. Because fewer
caribou use this area, disturbance and
displacement due to noise and human
activity from these facilities would affect
fewer caribou.
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Project

Resources Affected

Alternative B: Proponent’s Project

Alternative C: Disconnected Infield

Alternative D: Disconnected Access

visual landscape including night skies

Habitat alteration for birds, caribou, and
polar bears

Collision potential for birds

Delayed or deflected movement of
caribou from new linear infrastructure

Increased insect relief habitat for
caribou

Risk of spills

94.4 miles on new VSMs

3.1 miles on existing VSMs

0.9 mile HDD
314.2 total miles of individual pipelines
40.7 miles of pipeline without a parallel
road

Other pipelines:
64.3-mile seawater pipeline
34.4-mile diesel pipeline

Diesel trucked by road: 37.5 miles

95.4 miles on new VSMs
3.1 miles on existing VSMs
0.9 mile HDD

383.7 total miles of individual pipelines

45.5 miles of pipeline without a parallel
road
Other pipelines:

63.3-mile seawater pipeline

82.0-mile diesel pipeline

Diesel trucked by road: 0 miles

Component Roads
Ice Potential impoundments during spring | Approximately 495.2 total miles (3,590.7 | Approximately 650.1 total miles (4,411.6 | Approximately 962.4 total miles (5,893.4
infrastructure |breakup total acres) of ice roads over nine total acres) of ice roads: total acres) of ice roads:
Vegetation and soil compaction construction seasons 574.5 miles over nine construction 699.9 mtillfst§4,780.4 acres) over ten
. . . . No annual resupply ice road seasons construction seasons
Hab} tat alteratloln for birds, caribou, and 936.6 ¢ }?p }ll . ds: 3.6 miles of annual resupply ice road 12.5 miles (55.7 acres) of annual
narine mammars 0 acres ol SINgle season 1¢e pads, (15.3 acres) (2030 to 2050; 75.6 total resupply ice road (2030 to 2051;
Increased displacement or mortality of 30.0 acres of multi-season ice pads miles; 321.3 total acres) 262.5 total miles; 1,113.0 total acres)
birds, caribou, and other wildlife due to |4,557.3 total acres of ice infrastructure 1,166.4 acres of single season ice pads; 1,241.4 acres of single season ice pads;
increased subsistence access 20.0 acres in polar bear critical habitat 30.0 acres of multi-season ice pads " 130.0 acres of multi-season ice pads ’
Changes to subsistence access Least amount of ice roads for subsistence 5,608.0 total acres of ice infrastructure 7,164.8 total acres of ice infrastructure
aeeess 20.0 acres in polar bear critical habitat |70 0 acres in polar bear critical habitat
More ice roads for subsistence access Most miles of ice road for subsistence
access
Pipelines Changes to undisturbed characteristic | 97.5 total miles of pipeline rack 98.5 total miles of pipeline rack 98.1 total miles of pipeline rack

95.0 miles on new VSMs
3.1 miles on existing VSMs
0.9 mile HDD

373.9 total miles of individual pipelines

47.9 miles of pipeline without a parallel
road
Other pipelines:

69.2-mile seawater pipeline

77.0-mile diesel pipeline

Diesel trucked by road: 0 miles

Gravel roads

Changes to undisturbed characteristic
visual landscape

Upslope water impoundment and
thermokarst erosion

Potential blockage or restriction of sheet
flow during spring breakup, that could
result in changed flow direction,
channel instability, erosion of the tundra
or stream channel, or deposition of
sediment on the tundra or in the stream
channel

Disturbance and displacement of birds,
caribou, and polar bears

Delayed or deflected movement of
caribou from new linear infrastructure

Changes to subsistence access and
resource availability

37.0 total miles (260.2 total acres,
including turnouts)

Eight turnouts with subsistence/tundra
access ramps (3.0 acres total)

Most gravel roads for subsistence access

35.3 total miles (243.2 total acres,
including turnouts)

Eight vehicle turnouts with
subsistence/tundra access ramps (3.0
acres total)

Fewer gravel roads for subsistence access

27.1 total miles (188.9 total acres,
including turnouts)

Six turnouts with subsistence/tundra
access ramps (2.2 acres total)

Fewest gravel roads for subsistence
access
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Project

Component

Resources Affected

Alternative B: Proponent’s Project

Alternative C: Disconnected Infield
RGEL

Alternative D: Disconnected Access

air traffic® ¢

visual landscape including night skies

Disturbance and displacement of birds,
caribou, and marine mammals

Injury or mortality of birds

Willow: 11,809
Alpine: 292

South Willow: 13,201
North Willow: 6,081
Alpine: 292

Dust shadow | Soil composition changes, decreased ~ |3,472.7 total acres (includes mine site) 3,469.3 total acres (includes mine site) 2,680.9 total acres (includes mine site)
from gravel |albedo, permafrost thawing, 3,310.5 acres in wetlands 3,340.4 acres in wetlands 2,542.7 acres in wetlands
roads® thermokarst development 95.6 acres in freshwater waterbodies 86.9 acres in freshwater waterbodies 80.0 acres in freshwater waterbodies
Vegetation damage 66.6 acres in uplands 42.0 acres in uplands 58.2 acres in uplands
Wetland composition changes
Habitat alteration for fish, birds,
caribou, and polar bears
Stream Hydrologic changes or erosion 18 crossings: 16 crossings: 14 crossings:
Crossings Perceived potential contamination of 7 bridges ) 6 bridges ) 6 bridges .
(culverts and | fish and thus decreased subsistence 11 culvert batteries 10 culvert batteries 8 culvert batteries
bridges) resource availability 36 bridge piles below OHW (all in 20 bridge piles below OHW (all in 36 bridge piles below OHW (all in
Increased noise during construction anadromous streams) anadromous streams) anadromous streams)
Changes to undisturbed characteristic 0 VSMs below OHW 10 VSMs below OHW 0 VSMs below OHW
visual landscape
Habitat loss for fish in certain areas
Alirstrip Increased noise 1 airstrip and apron (42.1 acres) near the |2 airstrips (87.6 total acres): 1 airstrip and apron (44.7 acres) near
Changes to undisturbed characteristic WOC (approximately 5 miles east of BT3| North airstrip and hangar (43.8 acres) |BT3/WPF
visual landscape including night skies near BT2
Disturb ddispl Fbird South airstrip and apron (43.8 acres),
isturbance and displacement of birds, approximately 5 miles east of BT3
caribou, and polar bears
Total Temporary changes to lake-water 1,662.4 million gallons over the life of the| 1,914.3 million gallons over the life of the |2,286.3 million gallons over the life of the
freshwater chemistry (until spring breakup and Project (30 years) Project (30 years) Project (31 years)
use recharge) by depleting oxygen and
changing pH and conductivity
Habitat alteration for fish and birds
Special status species: yellow-billed
loon nesting lakes
Ground Increased noise 3,188,910 vehicle trips 4,212,510 vehicle trips 4,376,890 vehicle trips
traffice: ¢ Changes to undisturbed characteristic
visual landscape including night skies
Disturbance and displacement of birds,
caribou, and polar bears
Injury or mortality of birds, caribou, and
polar bears
Fixed-wing |Changes to undisturbed characteristic ~ |12,101 total fixed-wing flights 19,574 total fixed-wing flights 19,038 total fixed-wing flights

Willow: 15,387
Alpine: 3,651
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Project

Component
Helicopter air
traffic

Resources Affected

Changes to undisturbed characteristic
visual landscape including night skies

Disturbance and displacement of birds,
caribou, and marine mammals

Injury or mortality of birds

Alternative B: Proponent’s Project

2,421 total flights
Willow: 2,321
Alpine: 100

Alternative C: Disconnected Infield
RGEL
2,910 total flights

South Willow: 2,421

North Willow: 357

Alpine: 132

Alternative D: Disconnected Access

2,503 total flights
Willow: 2,403
Alpine: 100

gas emissions

(GHG emissions for the Project
duration are measured as COze in
Mt/annual average)

258,766 Mt of gross COze for 30-year
Project duration (using 100-year GWP,
IPCC AR4)

Annual average total (i.e., sum of direct
and indirect) GHG emissions (8,626 Mt

COze per year) constitute approximately
0.134% of the 2017 U.S. GHG inventory.

Human Changes to undisturbed characteristic | 30-year Project duration (9 years of 30-year Project duration (9 years of 31-year Project duration (10 years of
activity visual landscape including night skies |construction) construction) construction)
Disturbance and displacement of birds, |1,168.1 acres of polar bear disturbance 1,188.4 acres of polar bear disturbance 1,250.4 acres of polar bear disturbance
caribou, and marine mammals (potential terrestrial denning habitat (potential terrestrial denning habitat (potential terrestrial denning habitat
within 1 mile of winter activity, USFWS | within 1 mile of winter activity, USFWS |within 1 mile of winter activity, USFWS
buffer) buffer) buffer)
Greenhouse | Climate change and air quality Total GHG emissions are Total GHG emissions are Total GHG emissions are

260,936 Mt of gross COze for 30-year
Project duration (using 100-year GWP,
IPCC AR4)

Annual average total (i.e., sum of direct
and indirect) GHG emissions (8,698 Mt

COze per year) constitute approximately
0.135% of the 2017 U.S. GHG inventory.

258,873 Mt of COze for gross 31-year
Project duration (using 100-year GWP,
IPCC AR4)

Annual average total (i.e., sum of direct
and indirect) GHG emissions (8,351 Mt

COze per year) constitute approximately
0.129% of the 2017 U.S. GHG inventory.

Note:AR4 (Fourth Assessment Report); BT2 (drill site BT2); BT3 (drill site BT3); CO2e (carbon dioxide equivalent); GHG (greenhouse gas); HDD (horizontal directional drilling); IPCC

(Intergovernmental Panel on Climate Change); Mt (thousand metric tons); OHW (ordinary high water); USFWS (U.S. Fish and Wildlife Service); VSM (vertical support members); WOC (Willow
Operations Center); WOUS (Waters of the U.S.); WPF (Willow processing facility).
* Based on a 656-foot (200-meter) disturbance zone around gravel facilities.

® Area potentially altered by dust generated from vehicles or wind on gravel fill extending 328 feet (100 meters) from gravel infrastructure.
¢ Total traffic is for the life of the Project (Alternatives B and C, 30 years; Alternative D, 32 years) and does not include any reclamation activity. Ground-traffic trips are one-way. A single flight is defined
as a landing and subsequent takeoff, and a single vessel trip is defined as docking and subsequent departure.
4 Number of trips includes buses, light commercial trucks, short-haul trucks, passenger trucks, and other miscellaneous vehicles. Construction ground traffic also includes gravel hauling (e.g., B70 or maxi

dump trucks).

¢ Flights outlined are additional flights required beyond projected travel to/from non-Project airports (e.g., Anchorage, Fairbanks, Deadhorse); includes C-130, Twin Otter or CASA, Cessna, and DC-6 or

similar aircraft.

Table ES.2.

Project
Component
Total gravel
footprint and
gravel fill
volume

Summary Comparison of Ke
Resources Affected

Consumption of gravel resources

Changes to undisturbed characteristic
visual landscape including night skies
Wetlands and/or WOUS lost within fill
footprint

Habitat loss and disturbance and
displacement for fish, birds, and marine
mammals in certain areas

Subsistence harvester avoidance

Impacts by Sealift Module Delivery O

Option 1: Atigaru Point Module
Transfer Island

12.8 acres of gravel fill using 397,000
cubic yards of gravel in the marine
environment

14.5 acres of screeding

tion

Option 2: Point Lonely Module
Transfer Island

13.0 acres of gravel fill using 446,000
cubic yards of gravel in the marine
environment

14.5 acres of screeding

Option 3: Colville River Crossing

5.0 acres of gravel fill using 118,700
cubic yards of gravel (4.9 acres in
wetlands)

No additional screeding beyond that
needed for the action alternatives
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Project

Resources Affected

Option 1: Atigaru Point Module

Option 2: Point Lonely Module

Option 3: Colville River Crossing

caribou areas

fly relief

mosquito relief (greater disturbance of
caribou during insect relief)

0.0 miles to high-density caribou oestrid
fly relief (greater disturbance of caribou
during insect relief)

Component Transfer Island Transfer Island
Location Disturbance and displacement of caribou | 1.9 miles offshore 0.4 mile offshore 0.0 mile offshore
Subsistence harvester avoidance Farther offshore from high-density Summer onshore activities in an area of | Farthest away from high-density caribou
Reduced availability of subsistence caribou areas. high use by caribou for insect relief (end |areas (post-calving 47.1 miles and insect
resources No onshore activities in summer, 1 multi- of June to beginning of Augqst). Closer |relief 32.4 miles).
(Ranked the same for subsistence since | Season ice pad would remain (12.5 miles to Teshekpuk Lake. Could disturb more | jpacts are most likely to occur for
there are positive and negative outcomes | ffom high-density caribou post-calving caribou, especu.;lll}./ mn .July' . . Nuigsut harvesters (up to 91% directly
for each location) and 1.9 miles from high-density oestrid | Closest to or within high-density caribou |affected); impacts may occur for
fly relief). areas (post-calving 0.9 miles and insect | Utqiagvik but are less likely (up to 15%
Greatest potential for offshore avoidance |relief 0 miles). directly affected).
by Nuigsut hunters. Greater potential for indirect impacts to | Less potential for offshore and coastal
Impacts are most likely to occur for caribou gvailabili‘Fy for Nuiqs.ut and impacts to N}lingt harvester access and
Nuigsut harvesters (up to 94% directly thlagﬁk du.e. to 1ncre?ased disturbance of resource avallablh.ty since no MTI quld
affected); impacts may occur for caribou in critical habitat areas. be built and gssomated offshc.)re activities
Utqiagvik but are less likely (up to 11% | Greater potential for indirect impacts to | Would occur in areas of existing
directly affected). caribou, wolf, and wolverine resource development activity and infrastructure.
availability for Utqiagvik harvesters.
Less potential for offshore and coastal
impacts to Nuigsut harvester access since
the MTI would be farther from core
Nuigsut seal, eider, and coastal caribou
harvesting areas.
Impacts are most likely to occur for
Nuigsut harvesters (up to 94% directly
affected); impacts may occur for
Utgiagvik but are less likely (up to 23%
directly affected).
More likely than Option 1 to cause
indirect impacts to Utqiagvik harvesters
because of its proximity to key Utqgiagvik
harvesting areas at Teshekpuk Lake.
Closest Disturbance and displacement of caribou |12.5 miles to high-density caribou post- |0.9 miles to high-density caribou post-  [47.1 miles to high-density caribou post-
proximity of calving calving calving
summer 9.6 miles to high-density caribou (greater disturbance of caribou during ~ |46.3 miles to high-density caribou
cotﬁstr};mtmn mosquito relief post-calving) mosquito relief
Eli:n;igty 1.5 miles to high-density caribou oestrid |0.0 miles to high-density caribou 32.4 miles to high-density caribou oestrid

fly relief
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Project Resources Affected Option 1: Atigaru Point Module Option 2: Point Lonely Module Option 3: Colville River Crossing
Component Transfer Island Transfer Island
Ice roads Potential impoundments during spring | 110.8 total miles (795.0 acres) : 229.7 total miles (2,592.6 acres): 80.2 total miles (583.2 acres):
breakup Total gravel haul (1 season): 35.2 miles| Total gravel haul (1 season): 77.9 miles| Total gravel haul (1 season): all on
Vegetation and soil compaction on tundra; 2.4 miles on sea ice on tundra; 0.6 miles on sea ice existing gravel roads
Habitat alteration for birds, caribou, and Total module transport (over 2 Total module transport (over 2 Total module transport (over 2
marine mammals seasons): 68.4 total miles on tundra; seasons): 150.0 miles on tundra; 1.2 seasons): 80.2 miles on tundra; 0 miles
) ) 4.8 miles on sea ice miles on sea ice on sea ice
Increased displacement or mortality of . . )
birds, caribou, and other wildlife due to 73% in the TLSA 89% in the TLSA 0% in the TLSA
increased subsistence access. 60.3% in polar bear critical habitat 16.5% in polar bear critical habitat 0% in polar bear critical habitat
Changes to subsistence access Potential for hunter avoidance of Most forage damage for caribou Least forage damage for caribou

infrastructure and impacts to harvester
access due to presence of ice roads in
key Nuigsut geese hunting areas along
Fish Creek.

Potential for hunter avoidance of Summer and fall caribou harvests less
infrastructure and impacts on harvester  |likely to be directly affected.
access due to presence of ice roads in key | \finimal disturbances to the CAH

Nuigsut goose hunting areas along Fish habitat; few CAH caribou present in
(Uvlutuuq) Creek. winter.

Overall fewer impacts to terrestrial
mammals, including caribou than
Options 1 and 2.

Greater potential for direct impacts on
Nuigsut winter wolf and wolverine
caribou hunters due to location of ice
road within core hunting areas. One less
winter ice road season (two winters);
associated traffic less likely to deflect or
disturb subsistence resources and
subsistence harvesters from crossing.

Least potential for impacts (compared to
Options 1 and 2) to Utqiagvik harvesters
because the ice road is on the periphery
of Utqiagvik’s subsistence use area (or
overlaps use areas for summer/fall
activities when winter ice roads would
not be present).

Multi-season | Potential impoundments during spring | Three 10.0-acre multi-season ice pads: | Three 10.0-acre multi-season ice pads:  |0.0-acre multi-season ice pads

ice pads breakup One at BT1 One at BT2

Vegetation and soil compaction One near Atigaru Point Two along ice road between BT2 and
Point Lonely

Habitat alteration for birds, caribou, and One midway between Atigaru Point
marine mammals and BT1 More potential to affect caribou in
summer because more caribou use the
area closer to Point Lonely
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Project

Resources Affected

Option 1: Atigaru Point Module

Option 2: Point Lonely Module

Option 3: Colville River Crossing

birds, and marine mammals and resulting
impacts to resource availability for
subsistence users

support vessel route ~100 miles RT

9 barges, 16 tugboats, and 259 support
vessels, 4 summer seasons

support vessel route ~200 miles RT

9 barges, 16 tugboats, and 259 support
vessels, 4 summer seasons

Component Transfer Island Transfer Island
Total Temporary changes to lake-water 307.9 million gallons 572.0 million gallons 257.2 million gallons
freshwater chemistry (until spring breakup and
usage recharge) by depleting oxygen and
changing pH and conductivity
Habitat alteration for fish and birds
Special status species: yellow-billed loon
nesting lakes
Ground Changes to undisturbed characteristic 2,306,110 trips 3,196,450 trips 535,160 trips
traffic? visual landscape including night skies
Disturbance and displacement of birds,
caribou, and polar bears
Injury or mortality of birds
Impacts to overland harvester access for
Nuigsut subsistence users
Fixed-wing | Changes to undisturbed characteristic 326 total flights (36 to Atigaru Pointin | 326 total flights (36 to Point Lonely in 70 total flights:
traffic® visual landscape including night skies summer): summer): Willow: 0
Disturbance and displacement of birds, Willow: 205 Willow: 205 Alpine: 28
caribou, and marine mammals Alplne: 25 . Alplne: 25 Kuparuk: 42
Injury or mortality of birds Atigaru Point: 96 Point Lonely: 96 ' ' Least amount of disturba}nce to caribou,
Markedly greater disturbance of caribou |marine mammals, and birds
during insect relief
Helicopter Changes to undisturbed characteristic 450 total flights 450 total flights 16 total flights to/from Alpine
traffic visual landscape including night skies Willow: 435 Willow 435
Disturbance and displacement of birds, Alpine: 15 Alpine 15
caribou, and marine mammals and
resulting impacts to resource availability
for subsistence users
Injury or mortality of birds
Vessel traffic | Disturbance and displacement of fish, Nearshore barge route ~1,100 miles RT, |Nearshore barge route ~1,000 miles RT, |Nearshore barge route ~1,200 miles RT,

support vessel route ~5.2 miles RT

9 barges, 16 tugboats, and 60 support
vessels, 2 summer seasons

195-foot-tall
communicati
on tower

Injury or mortality of birds

2 towers

3 Towers

0 towers
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Project
Component
Human
activity
(construction
camps with
100-person
capacity)

Resources Affected

Disturbance and displacement of birds,
caribou, and marine mammals and
resulting impacts to resource availability
for subsistence users

Impacts to harvester access for
subsistence users due to avoidance and
concerns about safety

Option 1: Atigaru Point Module
Transfer Island

Camp for winter ice road construction
(each season) on a multi-season ice pad

Camp for module offload and transport
on multi-season ice pad at Atigaru Point

Camp for summer construction and
module receipt would be located on a
barge (i.e., Floatel) at module transfer
island

Option 2: Point Lonely Module
Transfer Island

Camp for winter ice road construction
(each season) on existing gravel pad

Camp for module offload and transport at
Point Lonely on existing gravel pad

Camp for summer construction and
module receipt at Point Lonely on
existing gravel pad

Markedly greater disturbance of caribou
because activity would be onshore in
summer in a location with more caribou.

Option 3: Colville River Crossing

Camp for winter ice road construction
(each season) on a single-season ice pad
near Kuparuk drill site 2P

Note: BT1 (drill site BT1); BT2 (drill site BT2); CAH (Central Arctic Herd); MTI (module transfer island); WOUS (Waters of U.S.). Traffic trips are defined as one-way; a single flight is defined as a
landing and subsequent takeoff; and a single vessel trip is defined as a docking and subsequent departure.
* Includes buses, light commercial trucks, short-haul trucks, passenger trucks, and other miscellaneous vehicles. Ground transportation also includes gravel hauling operations (i.e., B70 or maxi dump
trucks) and module transportation.
® Flights outlined are additional flights required beyond projected travel to/from existing airstrips and include flights to the Alpine and Willow airstrips. Fixed-wing aircraft includes C-130, DC-6, Twin
Otter or CASA, Cessna, or similar.

BLM’s evaluation of the effects of the Project and the cumulative effects of current and future activities on subsistence uses and needs, as required
under Section 810 of Alaska National Interest Lands Conservation Act (ANILCA) is included in Appendix G, Alaska National Interest Lands
Conservation Act Section 810 Analysis. BLM’s findings conclude that the Project is not expected to result in a large reduction in the abundance
(population level) of caribou or any other subsistence resource. However, the evaluation concludes that the Project may significantly restrict uses
for the community of Nuigsut due to a reduction in the availability of resources caused by alteration of their distribution and limitation on
subsistence user access to the area.

BLM’s findings conclude that the cumulative effects of past, present and reasonably foreseeable future activities, including those outside of NPR-
A, may significantly restrict uses for Nuigsut, Utqiagvik, Anaktuvuk Pass, Atqasuk, and Wainwright due to a reduction in abundance of caribou
caused by alteration of their distribution and degradation of habitat; Nuigsut, Utqiagvik, Wainwright, and Point Lay due to a reduction in
availability of marine mammals caused by alteration of their distribution; and Nuigsut due to a reduction in the availability of caribou and
limitations on subsistence user access to the area.

A preliminary ANILCA Section 810 evaluation was published concurrent with the Draft EIS and a revised Section 810 was published concurrent
with the SDEIS; public hearings were held to collect testimony from affected communities with a “may significantly restrict” finding during the
Draft EIS and SDEIS public comment periods. Dates of public hearings are included in Appendices B.2 (Draft Environmental Impact Statement
Comments and BLM Responses) and B.3 (Supplement to the Draft Environmental Impact Statement Comments and BLM Responses).
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9.0 COLLABORATION AND COORDINATION

The BLM is the lead agency for this EIS. Cooperating agencies include the USACE, U.S. Environmental
Protection Agency (EPA), U.S. Fish and Wildlife Service (USFWS), Native Village of Nuigsut (NVN),
the Ifiupiat Community of the Arctic Slope (ICAS), City of Nuigsut, North Slope Borough, and State of
Alaska. The Federal Aviation Administration, Bureau of Ocean and Energy Management, National
Marine Fisheries Service (NMFS), U.S. Coast Guard, and U.S. Department of Transportation (Pipeline
and Hazardous Materials Safety Administration) were invited to be cooperating agencies but declined to
participate.

As the lead federal agency, the BLM consulted with federally recognized tribal governments during
preparation of the EIS. The BLM initiated the government-to-government consultation and Alaska Native
Claims Settlement Act (ANCSA) corporation consultation with the following tribes and ANCSA
corporations whose members could be substantially affected by the Project:

e NVN

e Nagsragmiut Tribal Council

e ICAS

o Kuukpik

e Arctic Slope Regional Corporation

The BLM offered these entities the opportunity to participate in formal consultation, to participate as
cooperating agencies, or simply to receive information about the project, prior to public dissemination.

The BLM is consulting with the Alaska State Historic Preservation Office, in accordance with Section
106 of the National Historic Preservation Act of 1966. This is to determine if and how the Project could
affect cultural resources listed in or eligible for listing in the National Register of Historic Places.

To comply with Section 7(a)(2) of the Endangered Species Act of 1973 (ESA), the BLM is consulting or
has consulted with the USFWS and NMFS as appropriate, for species listed under the ESA. Both
agencies provided input on issues, data collection and review, and alternatives development. Consultation
with USFWS is occurring parallel to the NEPA process and will be completed prior to the issuance of any
Record of Decision. Section 7 consultation with NMFS is completed and a letter of concurrence from
NMFS was received July 15, 2020.

BLM’s evaluation of the effects of the Project and the cumulative effects of current and future activities
on subsistence uses and needs, as required under Section 810 of ANILCA is included in Appendix G,
Alaska National Interest Lands Conservation Act Section 810 Analysis. A preliminary ANILCA Section
810 evaluation was published concurrent with the Draft EIS and a revised Section 810 was published
concurrent with the SDEIS; public hearings were held to collect testimony from affected communities
during the Draft EIS and SDEIS public comment periods. Dates of public hearings are included in
Appendices B.2 (Draft Environmental Impact Statement Comments and BLM Responses) and B.3
(Supplement to the Draft Environmental Impact Statement Comments and BLM Responses).
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Willow Development Location
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1.0 INTRODUCTION AND PURPOSE AND NEED

This Environmental Impact Statement (EIS) has four volumes:
* Volume 1: Executive Summary and Chapters 1 through 5, Glossary, and References
* Volume 2: Appendix A.1 — Figures 1.4.1 —3.13.6
* Volume 3: Appendix A.2 — Figures 3.14.1 —4.3.5
* Volume 4: Appendices B through E.2
* Volume 5: Appendix E.3 through E.7
* Volume 6: Appendices E.8 through E.16
* Volume 7: Appendices E.17 through J

Appendix E contains the technical information for all resource sections in Chapter 3 and is numbered in the same
order as the resource sections (e.g., Appendix E.2 is the technical appendix for Section 3.2 of the EIS). All
glossary terms are bolded upon first use. A full glossary follows the EIS.

1.1 Introduction

The Bureau of Land Management (BLM) received a request from ConocoPhillips Alaska, Inc. (the Proponent, or
CPAI) on May 10, 2018, to prepare the Willow Master Development Plan (MDP) EIS. The EIS would facilitate
the permitting process for the proposed development of hydrocarbon resources from federal oil and gas leases in
the northeast area of the National Petroleum Reserve in Alaska (NPR-A). The MDP addresses infrastructure
components that would be constructed for the purpose of oil and gas development. If the MDP is approved, the
Proponent may submit permit applications for up to five drill sites, a central processing facility (CPF), an
operations center pad, up to 37.0 miles of gravel roads, up to 699.9 total miles of ice roads during construction
and up to 262.5 total miles of resupply ice roads during operations, one to two airstrips, up to 385.5 miles of
pipelines (95.4 miles of new pipeline rack), and a gravel mine site on federal land in the NPR-A. The Willow
MDP Project (Project) would also include the transportation of modules for hauling project materials via sealift
barge to the North Slope. The Project is anticipated to have a peak production in excess of 160,000 barrels of oil
per day (with a processing capacity of 200,000 barrels of oil per day) over its 30- or 31-year life (varies by
alternative), producing approximately 586 million barrels of oil.

As the federal manager of the NPR-A, BLM is responsible for land use authorizations and compliance with the
requirements of the National Environmental Policy Act of 1969 (NEPA) (42 USC 4321 et seq.). Additionally, the
U.S. Army Corps of Engineers (USACE), a cooperating agency, also has authority over the Project through its
authority to issue or deny permits for the placement of dredge or fill material in Waters of the United States
(WOUS), including wetlands. The eight cooperating agencies for the Project and their roles and expertise are
described below.

The Proponent’s stated purpose for the Project is to construct drill sites, roads, pipelines, and ancillary facilities to
support the safe and economic production and transportation to market of oil and gas resources under leaseholds
in the NPR-A. The Project would help offset declines in production from North Slope oil fields and contribute to
local, state, and national economies.

1.2 National Petroleum Reserve in Alaska

The Naval Petroleum Reserve Number 4 was created by President Warren G. Harding in 1923 to protect a future
oil supply for the U.S. Navy. In 1976, the Naval Petroleum Reserves Production Act (NPRPA) renamed the
Reserve the NPR-A and transferred its management to the Secretary of the Interior (Secretary). The NPRPA (as
amended) requires the Secretary to conduct oil and gas leasing in the NPR-A and provides the Secretary with the
authority to implement such regulations as deemed necessary for the protection of important surface resources and
uses.

Congress authorized petroleum production in the NPR-A in 1980 (PL 96-514), but it was not until the 1990s that
development on adjacent state lands made exploration in the NPR-A economically feasible. In 1998, BLM
completed an Integrated Activity Plan (IAP) that assessed the potential use of the Northeast NPR-A for oil
development (BLM 1998). The 1998 IAP was amended in 2005 and supplemented in 2008 (BLM 2005, 2008Db).
In 2012, BLM completed an IAP/EIS that analyzed development scenarios and related environmental
consequences for all BLM-managed federal lands and oil and gas resources within the NPR-A (BLM 2012b). The
IAP/EIS Record of Decision (ROD) was issued in 2013 (BLM 2013a). A revised IAP/EIS was released in 2020
(BLM 2020a), the ROD is forthcoming. The Willow MDP EIS tiers to the 2012 and 2020 IAP/EISs.
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1.3 Purpose and Need

The purpose of the Proposed Action is to construct the infrastructure necessary to allow the production and
transportation to market of federal oil and gas resources under leaseholds in the northeast area of the NPR-A,
consistent with the proponent’s federal oil and gas lease and unit obligations. The need for federal action (i.e.,
issuance of authorizations) is established by BLM’s responsibilities under various federal statutes, including the
NPRPA (as amended) and the Federal Land Policy and Management Act as well as various federal
responsibilities of cooperating agencies under other statutes, including the Clean Water Act (CWA). Under the
NPRPA, BLM is required to conduct oil and gas leasing and development in the NPR-A (42 USC 6506a). BLM is
required to respond to the Proponent’s requests for an MDP and related authorizations to develop and produce
petroleum in the NPR-A.

USACE, as a cooperating agency on the EIS, develops its own overall purpose for the Project in accordance with
its Section 404 CWA regulations. The overall purpose of the Project, as defined by USACE, is to construct
infrastructure to safely produce, process, and transport commercial quantities of liquid hydrocarbons to market via
pipeline from the Willow reservoir. The overall Project purpose and need allows a robust consideration of
alternatives while providing a foundation to determine practicability, which is a key aspect of the Section 404
permitting process. An alternative is practicable if it is available and capable of being done after taking into
consideration cost, existing technology, and logistics in light of overall Project purposes (40 CFR 230.10(a)(2)).

The purpose and need of the Proposed Action is a key factor in determining a range of alternatives required for
consideration in an EIS and assists with the selection of a preferred alternative. The Final EIS presents a
reasonable range of alternatives that consists of a No Action Alternative and three action alternatives, together
with three sealift module delivery options. The Final EIS analyzes the environmental impacts of these alternatives
and informs how well each alternative meets the Project purpose and need.

1.3.1 Decision to be Made

BLM and other authorizing cooperating agencies will, in their respective ROD(s), decide whether to approve the
Willow MDP and the associated issuance of permits and rights-of-way for the construction of the development
plan, in whole or in part, based on the analysis contained in the EIS. The ROD(s) associated with the EIS will not
constitute the final approval for all actions, such as approval for subsequent individual applications for permits to
drill and rights-of-way associated with the Proposed Action. The EIS analysis does, however, provide BLM and
other federal agencies that have regulatory oversight and permitting authorities with information and NEPA
analysis that could be used to inform final approvals for individual Project components, such as specific permits
to drill and rights-of-way.

1.4 Development Location (Project Area)

The Willow MDP area (Project area or Willow area) is located on the North Slope of Alaska, with the majority of
the proposed facilities on leased federal lands within the Bear Tooth Unit (BTU) in the northeastern portion of the
NPR-A (Figure 1.4.1). Supporting infrastructure, including road connections, pipeline tie-ins, the module transfer
island (MTI), and the gravel mine site would be located on federal and Native corporation—owned lands in the
Greater Mooses Tooth (GMT) Unit, on non-unitized lands within the NPR-A, and on lands or waters owned and
managed by the State of Alaska. None of the facilities would be located on or near Native allotments. Where
possible, Project pipelines would be colocated with existing pipelines on federal, State, and Native corporation
land.

Elements of the Project would occur within the Teshekpuk Lake Special Area of the NPR-A (as defined in both
the 2013 IAP/EIS ROD [BLM 2013a] and the 2020 IAP/EIS [BLM 2020a]), which was designated by the
Secretary of the Interior in 1977 for its significant value to waterfowl and shorebirds. The designation has since
been expanded to protect caribou and waterbirds, and their habitats.

1.5 Cooperating Agencies
BLM is the lead agency for the EIS. Eight federal, tribal, state, regional, or local government entities are
participating as cooperating agencies (Table 1.5.1).
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Table 1.5.1. Cooperating Agencies and Their Authorities and Expertise

U.S. Army Corps of Engineers

Authority/Expertise
Permit authority for Section 404 of the Clean Water Act and Section 10 of the
Rivers and Harbors Act

U.S. Environmental Protection Agency

Responsibilities under the Clean Air Act, the Clean Water Act, and the Oil
Pollution Act

U.S. Fish and Wildlife Service

Responsibilities under the Endangered Species Act, expertise in fish and wildlife

Native Village of Nuigsut

Expertise in sociocultural, wildlife, subsistence, and economic resources

Ifiupiat Community of the Arctic Slope

Expertise in sociocultural, subsistence, and economic resources

City of Nuigsut

Expertise in sociocultural and economic resources

North Slope Borough

Responsible for land use planning and regulation; permit authority for rezone;
expertise in sociocultural, wildlife, subsistence, and economic resources

State of Alaska (Departments of Fish and
Game; Environmental Conservation;
Natural Resources; Health and Social
Services; and Commerce, Community,
and Economic Development)

Responsible for adjudicating requests or applications for permits, easements, and
leases on state land (including state submerged land within 3 miles of the coast).
Authority for air, water use, and wastewater permits; expertise in sociocultural,
human health, wildlife, subsistence, economic resources, off-road travel, and ice
road construction.

1.6 Other Agencies

The Federal Aviation Administration (FAA), Bureau of Ocean and Energy Management (BOEM), National
Marine Fisheries Service (NMFS), U.S. Coast Guard, and U.S. Department of Transportation (Pipeline and
Hazardous Materials Safety Administration) were invited to be cooperating agencies but declined to participate.

1.7 Permitting Authorities

All action alternatives and module delivery options in the EIS would require federal authorization by BLM,
USACE, U.S. Coast Guard, and potentially the U.S. Department of Transportation (Pipeline and Hazardous

Materials Safety Administration).

The State of Alaska, the North Slope Borough (NSB), Kuukpik Corporation (Kuukpik), the Native Village of
Nuigsut (NVN), and the Arctic Slope Regional Corporation (ASRC) are responsible for land management
decisions, easements, leases, authorizations, and permits on their respective lands. The State of Alaska also has
authority for state waters within 3 miles of the shore.

Appendix C, Regulatory Authorities and Framework, provides a full list of anticipated permits, approvals, and
consultations as well as a list of applicable federal laws and executive orders.

1.8 Scoping and Substantive Issues

BLM identified substantive issues to be addressed in the Willow MDP EIS through public and agency scoping
(including internal BLM scoping) and consultation with Alaska Native tribes (Appendix B.1, Scoping Process
and Comment Summary). The original scoping period was 30 days; however, it was extended by 14 days due to
public requests and officially ended on September 20, 2018. The community of Nuigsut was given an additional 8
days to comment, for a total scoping period of 52 days. Public scoping meetings were held in Anaktuvuk Pass,
Anchorage, Atqasuk, Fairbanks, Nuigsut, and Utgiagvik (Barrow).

During scoping, 1,430 comment submissions were received, with 377 comments being unique. Comments were
categorized as issues associated with resource topics, issues associated with BLM policy (and therefore not
addressed in the EIS), or out-of-scope comments. Substantive issues were identified as those that could potentially
have significant effects, are necessary to make a reasoned choice among alternatives, or are needed to address
points of disagreement, debate, or dispute regarding an anticipated impact from the Project. Substantive issues
within the scope of the EIS that were identified through scoping are addressed in the EIS in Chapter 3.0, Affected
Environment and Environmental Consequences.

Resources and topics that were considered but dismissed from detailed analysis in the EIS are listed in Table
1.8.1, along with the rationale for dismissal.
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Table 1.8.1. Resources and Topics Dismissed from Detailed Analysis
Resource or Topic Rationale for Dismissal from Detailed Analysis

Wildland fire The Project is located above the latitudinal tree line, in a predominantly wetland environment
where wildland fire is rare.

Sand resources Sand resources would not be used for the Project and thus would not be affected.

Physiography and The dominant physiographic feature near the Project is the Arctic Coastal Plain; the Project would

geomorphology not alter its geography or geomorphology. The only geomorphic feature that could be affected is
permafrost, which is included in detailed analysis.

Cultural and The Project area was surveyed for cultural and paleontological resources (Reanier 2017, 2018,

paleontological 2019a, 2019b, 2020). All known sites would be avoided; the Proponent routed all Project

resources components (including ice roads and pads) 500 feet or farther from known resources to avoid

adversely impacting any such areas. To ensure appropriate treatment of inadvertent discoveries, the
Proponent maintains a Fossil and Artifact Finds Standard Operating Procedure and requires
awareness training as required under BMP I-1 of the NPR-A TAP/EIS (BLM 2013a, 2020a).
Although increased access to cultural resources has been documented to correlate strongly with
increased instances of vandalism and looting of cultural resources sites (Hedquist, Ellison et al.
2014; Spangler, Arnold et al. 2006), these impacts are improbable due to conditions specific to the
Project area and the Project timeline. Ice roads and pads would only be used during winter
construction seasons, during which time any nearby cultural resources would be inaccessible due to
snow cover. Access to cultural resources areas via gravel infrastructure in the summer months,
while possible, would be complicated by the surrounding terrain.

Additional supporting detail is provided in Appendix F, Cultural Resources Findings: Process and
Analysis.

Recreation Current recreation use is very low, and prospective future use of this area for recreation is also low.

Wild and Scenic Rivers | There are no rivers eligible for designation as wild and scenic near the Project.
Note: BMP (best management practice); IAP/EIS (Integrated Activity Plan/Environmental Impact Statement); NPR-A (National Petroleum Reserve in Alaska);
Project (Willow Master Development Plan Project).

1.9 Environmental Impact Statement Process and Changes Since Publication of the

Draft Environmental Impact Statement
The Draft EIS comment period began on August 30, 2019, with the publication of a Notice of Availability in the
Federal Register. The comment period was open for 45 days and subsequently extended for 15 additional days,
ending on October 29, 2019. A total of 266 people attended the public meetings for the Draft EIS in September
and October 2019. Meetings were held in Anaktuvuk Pass, Anchorage, Atqasuk, Fairbanks, Nuigsut, and
Utqgiagvik. The Nuigsut meeting included the public hearing for comments regarding the Project’s potential
impact to subsistence resources and activities per Section 810 of the Alaska National Interest Lands Conservation
Act (ANILCA). BLM received written comments by mail, fax, email, online comment form via ePlanning, and
handwritten and verbal testimony at public meetings. BLM received a total of 935 submissions during the Draft
EIS public comment period. Of the submissions, 490 were unique (i.e., original submissions that did not have
identical or almost identical wording as another submission). About 56% of the submittals received were part of
organized letter writing campaigns.

Following publication of the Draft EIS, and in response to public comments and concerns raised during the public
comment period for the Draft EIS the Proponent presented BLM with design updates to the Project. A
Supplement to the Draft EIS (SDEIS) was published on March 20, 2020, with additional analysis for three new
Project components that presented potentially substantial changes to the proposed action: module delivery Option
3, a constructed freshwater reservoir (CFWR), and up to three boat ramps for subsistence access. Additional
Project design updates were provided by the Project proponent; however, the changes were not expected to
substantively change the overall analysis or results described in Chapter 3.0 of the Draft EIS. This Final EIS
incorporates all design changes into the Project analyses and considers public comments, feedback received from
cooperating agencies, and testimony received during public meetings, for both the Draft EIS and the SDEIS. Key
changes since the Draft EIS include the following:
* A third module delivery option using the existing Oliktok Dock, existing gravel roads, and task-specific ice
roads was developed (assessed in the SDEIS).
* A CFWR was added at Lake M0015 (assessed in the SDEIS).
* Up to three boat ramps intended to support subsistence users from Nuigsut were added to the Project by
CPALI as voluntary mitigation (assessed in the SDEIS).
* Production from the neighboring Greater Mooses Tooth 2 (GMT-2) development, which is currently under
construction, may shift from the Alpine CPF to the Willow Processing Facility (WPF).
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* Additional water sources were identified to support Project drilling and operations under all action
alternatives; water sources vary by alternative.

* The Willow Operations Center (WOC), WPF, and airstrip were relocated approximately 2.5 miles to the
northeast under Alternative B.

* Refinements were made to reduce the overall size of the Tigmiaqsiugvik Mine Site and adjust the layout of
the mine cells and ice pads; and a Mine Site Plan describing mining activity and reclamation plans was
developed (included as Appendix D.2, Willow Mine Site Mining and Reclamation Plan, of the Final EIS).

* The overall Project footprint (under all action alternatives) was refined, including changes to drill site pads,
the WOC pad, the WPF pad, and the airstrip(s); changes to Project gravel and ice road widths; and the
addition of new pads to support Project construction and operations. The refinements marginally decreased
the overall Project footprint for some alternatives and marginally increased them for others.

* Total traffic and freshwater use estimates were updated; the updates decreased the estimates for some
alternatives and increased them for others.

* New Project facilities (e.g., Project-supporting equipment and modules) were added; depending on the pad
and alternative, some facilities would be accommodated on existing gravel pads and others would expand
existing gravel pads or construct new gravel pads in Alpine and Kuparuk.

* Ice road design, including task-specific ice road widths, were updated; the updates decreased the widths for
some ice-road classes and increased them for others.

* The Project schedule and construction sequencing were updated (Alternatives B and C would last 30 years
[until 2050] and Alternative D would last 31 years [until 2051]).

Various other clarifications, corrections, additions, and minor revisions to the alternatives considered and the
impacts analysis were made throughout the EIS and the appendices to improve the discussion of the affected
environment, to improve the analysis of potential impacts, to correct typographical errors, and to address

comments and recommendations from the public, cooperating agencies, tribes, and the affected communities.

BLM held an additional 45-day comment period for the SDEIS. This comment period began on March 20, 2020,
with the publication of a Notice of Availability in the Federal Register, and ended on May 4, 2020. In April 2020,
BLM held eight virtual public meetings to receive comments on the SDEIS. Because of state and local mandates
regarding COVID-19 that restricted travel and in-person meetings, BLM conducted virtual public meetings to
reach audiences across the state using Zoom, Facebook Live, and a telephone call-in number. Public participation
in the SDEIS virtual public meetings was substantially greater than public participation for the Draft EIS in-
person public meetings, notwithstanding the narrower scope of the SDEIS and the COVID-19 epidemic.
Approximately 400 attendees participated in these meetings via Zoom, of which about 10 people registered and
attended by phone only. More than 2000 people viewed some or all of the meeting through Facebook Live. BLM
received a total of 31,015 submissions during the SDEIS public comment period. Of the submissions, 456 were
unique (98% of the submittals received were part of organized letter writing campaigns). Further details regarding
public engagement for all stages of the NEPA process and responses to substantive comments are included in
Appendix B, Public Engagement and Comment Response. BLM will not issue its decision on the Project until at
least 30 days after the Notice of Availability of the Final EIS is published by EPA in the Federal Register.

1.10 Consultation and Coordination

1.10.1 Endangered Species Act Consultation

Consultation under Section 7 of the Endangered Species Act (ESA) is ongoing between federal authorizing
agencies and the U.S. Fish and Wildlife Service (USFWS) as appropriate, for species listed under the ESA.
Consultation is occurring parallel to the NEPA process.

Section 7 consultation with NMFS is completed. A letter of concurrence from NMFS was received July 15, 2020
concurring with BLM’s determination that the Project may affect, but is not likely to adversely affect the
bowhead whale, blue whale, fin whale, North Pacific right whale, Western North Pacific stock gray whale,
Western North Pacific distinct population segment (DPS) or Mexico DPS humpback whale, sperm whale), Arctic
subspecies ringed seal, Beringia DPS bearded seal, the Western DPS Steller sea lion, North Pacific right whale
critical habitat, or Steller sea lion critical habitat.

1.10.2 Magnuson-Stevens Fishery Conservation and Management Act Coordination
Coordination under the Magnuson-Stevens Fishery Conservation and Management Act regarding Essential Fish
Habitat (EFH) is occurring between federal authorizing agencies and NMFS, parallel to the NEPA process.
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1.10.3 National Historic Preservation Act Section 106 Consultation

Consultation under Section 106 of the National Historic Preservation Act was initiated on November 23, 2018,
and BLM has attempted continued formal and informal Section 106 consultation through the March 2019 NPR-A
working group meeting. To date, no North Slope Tribal, municipal, corporation representative, North Slope
community members, or non-governmental organizations have elected to consult with BLM regarding places of
historic or cultural importance or traditional use. BLM’s consultation efforts did not result in any responses
indicating specific concerns for documented or undocumented places of historic or cultural importance or
traditional use. BLM is seeking concurrence with the Alaska State Historic Preservation Officer on a Section 106
finding of No Adverse Effect to Historic Properties.

1.10.4 Native Consultation
BLM initiated the government-to-government consultation and Alaska Native Claims Settlement Act (ANCSA)
corporation consultation with the following tribes and ANCSA corporations whose members could be
substantially affected by the Project:

e NVN

* Nagsragmiut Tribal Council

* Jfupiat Community of the Arctic Slope

*  Kuukpik

* ASRC
Government-to-government consultation meetings have been held regularly with the NVN. The NVN also
participates in regularly scheduled working group meetings for the NPR-A. Kuukpik and the ASRC have engaged
in regular consultation with BLM during the NEPA process.

1.11 Compliance with Section 810 of the Alaska National Interest Lands

Conservation Act
BLM’s evaluation of the effects of the Project and the cumulative effects of current and future activities on
subsistence uses and needs, as required under Section 810 of ANILCA is included in Appendix G, Alaska
National Interest Lands Conservation Act Section 810 Analysis. A preliminary ANILCA Section 810 evaluation
was published concurrent with the Draft EIS and a revised Section 810 was published concurrent with the SDEIS;
public hearings were held to collect testimony from affected communities during the Draft EIS and SDEIS public
comment periods. Dates of public hearings are included in Appendices B.2 (Draft EIS Comments and BLM
Responses) and B.3 (Supplement to the Draft EIS Comments and BLM Responses).
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2.0 ALTERNATIVES

2.1 Introduction

This chapter describes Willow MDP Project components and the alternatives under consideration in the EIS. A
more detailed description of Project components and alternatives, including the alternatives development process,
is available in Appendix D.1, Alternatives Development.

2.2 Alternatives Development

Following Project scoping, BLM convened a series of alternatives development meetings with the EIS
cooperating agencies. These meetings identified a range of options for the Project or its constituent components;
the Project components that options were identified for include access, airstrips, module transport, mine site,
gravel pads, and processing facility. This process and the initial range of alternatives are detailed in Appendix
D.1. Alternative B (Section 4.3, Alternative B: Proponent’s Project) was developed by CPAI and Alternatives C
and D (Sections 4.4, Alternative C: Disconnected Infield Roads, and 4.5, Alternative D: Disconnected Access)
were developed by BLM and EIS cooperating agencies.

This chapter describes the range of alternatives developed for detailed analysis in the EIS, including the No
Action Alternative (Alternative A) and three action alternatives (B, C, and D); additionally, three options are
included for sealift module delivery. All action alternatives were evaluated for their ability to meet the overall
Project purpose and need (Section 1.3, Purpose and Need); are “practical or feasible from a technical and
economic standpoint and using common sense” (CEQ 1981); address resource impacts or conflicts; and do not
substantially have the same impacts of other alternatives being considered.

2.3 Alternative Components Considered but Eliminated from Further Analysis
The alternatives development meetings held with cooperating agencies resulted in consideration of several
alternative components to the Proponent’s Project. Alternative components were evaluated against screening
criteria, including how well they meet the purpose and need, their ability to reduce impacts or resource conflict
(particularly for key resources and issues raised during scoping), feasibility (technological, logistical, and
economical), practicability (as defined by CWA Section 404 regulations), and common sense (as provided by
Council on Environmental Quality guidelines). These terms, as defined under the NEPA and CWA Section 404
regulations, are further explained in Appendix D.1. The alternative elements considered but eliminated from
further analysis in the EIS are described in Appendix D.1.

2.4 Reasonable Range of Alternatives
The range of alternatives was developed to address the resource impact issues and conflicts identified during
internal scoping with the BLM Interdisciplinary Team and external scoping with the public and cooperating
agencies. Four alternatives are analyzed in detail in the EIS:

* Alternative A: No Action

¢ Alternative B: Proponent’s Project (Figure 2.4.1)

* Alternative C: Disconnected Infield Roads (Figure 2.4.2)

* Alternative D: Disconnected Access (Figure 2.4.3)

Action alternatives (B, C, and D) presented in the EIS include variations on specific Project components (e.g.,
Project access) and include updates to the design proposed by CPAI after the DEIS was published. These Project
updates were applied to all action alternatives, and are summarized in Section 1.9, Environmental Impact
Statement Process and Changes Since Publication of the Draft Environmental Impact Statement. Detailed
descriptions of the Project updates are included in Appendix D.1, Section 4.2, Project Components Common to
All Action Alternatives, through Section 4.7.3, Option 3. Colville River Crossing.

In addition to the three action alternatives, three options are presented for how sealift modules (required for all
action alternatives) would be delivered to the Project (Section 2.6, Sealift Module Delivery Options); any one of
the module delivery options could be paired with any action alternative:

* Option 1: Atigaru Point Module Transfer Island (Figure 2.4.4)

* Option 2: Point Lonely Module Transfer Island (Figure 2.4.5)

* Option 3: Colville River Crossing (Figure 2.4.6)

Chapter 2.0 Alternatives Page 7



Willow Master Development Plan Final Environmental Impact Statement

2.4.1 Alternative A: No Action

Under the No Action Alternative, the Project would not be constructed; however, oil and gas exploration in the
area would continue. Under the NPRPA, BLM is required to conduct oil and gas leasing and development in the
NPR-A (42 USC 6506a). The No Action Alternative would not meet the Project’s purpose and need but is
included in the analysis for baseline comparison; BLM does not have the authority to select this alternative
because CPAI’s leases are valid and provide the right to develop the oil and gas resources therein.

2.4.2 Alternative B: Proponent’s Project

Alternative B would extend an all-season gravel road from the GMT-2 development southwest toward the Project
area (Figure 2.4.1). Gravel roads would connect to all Project facilities, including the Willow Processing Facility
(WPF), Willow Operations Center (WOC), airstrip, and all five drill sites (Bear Tooth [BT] drill sites 1 [BT1], 2
[BT2], 3 [BT3], 4 [BT4], and 5 [BT5]). Additional Project support facilities would include a CFWR, four valve
pads, four pipeline pads, two water source access pads (at the CFWR and Lake L.9911), eight road turnouts (with
subsistence access ramps), horizontal directional drilling (HDD) pipeline pads at the Colville River, and up to
three boat ramps for subsistence use (added to the Project by CPAI as mitigation to help offset Project effects on
the community of Nuigsut — see Section 2.5.13, Boat Ramps for Subsistence Users).

A gravel infield road would extend from BT3 north, crossing Judy (Iqalligpik) Creek before reaching BT1. From
BT1, the road would continue north, crossing Judy (Kayyaaq) Creek, to reach BT2 before crossing Fish
(Uvlutuuq) Creek and ending outside the eastern boundary of the K-5 Teshekpuk Lake Caribou Habitat Area at
BT4. Alternative B would construct 7 bridges. Infield (multiphase) pipelines would connect individual drill sites
to the WPF, and export/import pipelines would connect the WPF to existing infrastructure on the North Slope.
Diesel fuel would be piped from Kuparuk River Unit (Kuparuk) CPF2 to the Alpine CPF and then trucked 37.5
miles to the Project area. Seawater would be piped from Kuparuk CPF2 to the WPF. Alternative B would also
include a pipeline tie-in pad near Alpine Colville Delta drill site 4N (CD4N) and an expansion of the existing pad
at Kuparuk CPF2.

Sealift module delivery to the Project area would be required. More details on these options are included in
Section 2.6, Sealift Module Delivery Options.

The access road alignment would provide direct gravel-road access from the existing gravel road network in the
GMT and Alpine developments to the Project facilities. The full, all-season gravel road access connection to
Alpine would allow for additional operational safety and risk reduction by providing redundancies and additional
contingencies for each project and would provide support for reasonably foreseeable future actions (RFFAs)
described in Table E.19.1 in Appendix E.19, Cumulative Effects Technical Appendix. Alternative B is BLM’s
preferred alternative. The identification of a preferred alternative does not constitute a commitment or decision; if
warranted, BLM may select a different alternative than the preferred alternative in its ROD.

2.4.3 Alternative C: Disconnected Infield Roads

Alternative C would have the same gravel access road between GMT-2 and the Project area as Alternative B, but
it would disconnect gravel road access between the WPF to BT1 (Figure 2.4.2). Thus, there would be no gravel
road between these facilities or a bridge across Judy (Iqalligpik) Creek; however, a gravel road would connect
BT1 with BT2 and BT4 using the same alignment as Alternative B.

A second airstrip, storage and staging facilities, and WOC would be located near BT2 to accommodate the
personnel and materials transported among the South WOC and the North WOC and BT1/BT2/BT4. A 3.6-mile-
long annual ice road would be constructed along the Alternative B gravel road alignment for the life of the Project
to allow for the movement of large equipment and consumable materials to BT1/BT2/BT4. Infield pipelines
would connect all drill sites to the WPF; a diesel pipeline would provide fuel from Kuparuk CPF2 and to the
North and South WOCs; and export/import lines (e.g., sales oil, seawater) would connect the WPF to existing
infrastructure on the North Slope.

Additional Project infrastructure and facilities would include six bridges, the CFWR, four valve pads (two would
be sized to be helicopter accessible at Judy [Iqalligpik] Creek), four pipeline pads, three water source access pads
(at the CFWR and Lakes L9911 and M0235), eight road turnouts (with subsistence access ramps), HDD pipeline
pads at the Colville River, one boat ramp, expansion of the existing gravel pad at Kuparuk CPF2, and construction
of one of the sealift module delivery options described in Section 2.6.
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Under Alternative C, the WPF, South WOC, and primary Project airstrip would be located similarly to their
locations in Alternative B, near the GMT and BT Unit boundaries. Alternative C (unlike Alternative B) would
require a diesel pipeline connection from Kuparuk CPF2 to Alpine to the Project area due to the need to regularly
supply fuel to the three disconnected drill sites; piped diesel fuel would be made available to support the Project at
the WPF and South and North WOC:s.

The intent of Alternative C is to reduce effects to caribou movement and decrease the number of stream crossings
required; this is also intended to further reduce impacts to subsistence users of these resources. This alternative
removes a portion of the road (versus Alternatives B and D) that would cross Judy (Iqalligpik) Creek which could
impede caribou movement across linear features (i.e., this alternative would avoid the junction of two roads,
which could be a pinch point that deflects caribou movement). This alternative would also reduce linear gravel
infrastructure in the Project area, which may reduce impacts to hydrology (e.g., sheet flow) and wetlands (e.g.,
direct fill, fugitive dust).

2.4.4 Alternative D: Disconnected Access

Alternative D would colocate the WPF with BT3, construct four additional drill sites, the WOC, pipeline and
valve pads, CFWR, two water source access road and pads at the CFWR and Lake M0235, gravel roads
connecting Project facilities, an airstrip, a staging pad near GMT-2, one boat ramp, and an expansion of the
existing gravel pads at Alpine Colville Delta drill site 1 (CD1) and Kuparuk CPF2. However, Alternative D would
not be connected by an all-season gravel access road to the GMT and Alpine developments (Figure 2.4.3); but it
would employ the other gravel roads as proposed under Alternative B connecting drill sites and other Project
infrastructure. Annual resupply access to the Project area would be provided by ice road connection between
GMT-2 and the WPF (12.5 miles) for the life of the Project.

The lack of a gravel access road connection to Alpine would reduce the degree to which the Project could
leverage existing Alpine infrastructure. As a result, additional facilities would be required in the Project area,
duplicating some facilities currently at Alpine, including warehouse space; valve and fleet shops; emergency
response equipment; and chemical storage tanks. The addition of these facilities in the Project area would require
additional gravel pad space at the WOC and WPF. Additionally, Alternative D would require a diesel pipeline
connection from Kuparuk CPF2 to the WOC (similar to Alternative C) as fuel could not be trucked to the Project
area throughout the year. Alternative D would require sealift module delivery to the Project area (Section 2.6).

The intent of Alternative D is to minimize the Project’s footprint and fill, reduce the number of required bridges,
and lessen the length of linear infrastructure on the landscape to decrease effects to caribou movement and
subsistence. This alternative’s reduction of linear gravel infrastructure in the Project area may also reduce impacts
to hydrology (e.g., sheet flow) and wetlands (e.g., direct fill, indirect impacts from dust).

2.5 Project Components Common to All Action Alternatives
Components that are common to all action alternatives are described below; additional details on Project
components are available in Appendix D.1, Alternatives Development.

2.5.1 Project Facilities and Gravel Pads

The Project would include multiple gravel pads to support Project infrastructure, as described in the following
sections. Pads would be a minimum of 5 feet thick (with an average thickness greater than 7 feet) to maintain a
stable thermal regime and protect underlying permafrost. Pad thickness and the gravel fill volume needed for each
pad would vary due site-specific topography and design criteria (e.g., flat gravel surface). Embankment side
slopes would be 2 horizontal to 1 vertical ratio (2:1). Erosion potential would be evaluated on a pad-specific basis
and embankment erosion protection measures would be designed and employed as necessary.

2.5.1.1 Willow Processing Facility

The WPF would include the main plant facilities needed to separate and process multiphase production fluids and
deliver sales-quality crude oil. Produced water would be processed at the WPF and reinjected to the subsurface as
part of reservoir pressure maintenance/water flood for secondary recovery. Produced natural gas would be used to
fuel plant and facility equipment, be reinjected into a producing reservoir formation to maintain reservoir pressure
and increase recovery, and used for gas lift. Under plant startups, shutdowns, and upset conditions, natural gas
may be flared to maintain safe operations.
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The processing equipment at the WPF would include emergency shutdown equipment, power generators,
compressors, gas treatment facilities, heat exchangers, separators, a flare system, pumps, pigging and metering
facilities, warm storage buildings, and a tank farm. Additional equipment planned for the WPF, including
equipment needed to accommodate production from GMT-2 (Appendix D.1, Section 3.1.6.1, Greater Mooses
Tooth 2 Processing at Willow) is provided in Appendix D.1.

2.5.1.2 Drill Sites

The Project would construct five drill sites (at the same locations under all action alternatives). Each drill site has
been designed and sized to accommodate all drilling and operations facilities, wellhead shelters, drill rig
movement, and material storage. Each drill site would be sized to accommodate 40 to 70 wells at a typical 20-foot
wellhead spacing; the Project would have a total of 251 wells. Additional facilities typical for drill sites would
include emergency shutdown equipment, well test and associated measurement facilities, pig launchers and
receivers, spill response equipment, operations storage and stand-by tanks, and communications infrastructure.

2.5.1.3 Willow Operations Center

The base of operations for the Project would be the WOC (South WOC under Alternative C), which would be
located near the WPF (but separated by approximately 1 mile for safety reasons; Figures 2.4.1, 2.4.2, and 2.4.3).
The WOC location would minimize the risk to Project personnel by placing permanently occupied buildings (e.g.,
living quarters) away from potential blast hazards associated with the WPF, which is consistent with current best
safety practices and standards. The WOC would be adjacent to the Project airstrip.

The WOC would contain utility buildings and storage facilities, including Willow operations camp (living
quarters, offices, dining facilities, medical clinic), water and wastewater treatment plants, Class I underground
injection control (UIC) disposal wells, spill response shop, hazardous waste storage, shop space, municipal solid
waste incinerator, and helipad. (Alternative C would include a second WOC [North WOC] that would have
similar infrastructure as described above.)

2.5.1.4 Valve Pads

Isolation valves would be installed on each side of pipeline crossings at Fish (Uvlutuuq) Creek and Judy

(Iqalligpik) Creek to minimize the potential spill impact in the event of a leak or break. To support valve
infrastructure, gravel pads would be constructed on each side of the two crossings (four valve pads total).

2.5.1.5 Pipeline Pads
Four pipeline pads would be constructed to support pipeline construction and operations:

* One pipeline crossing pad would be located along the import/export pipelines near GMT-2 to allow north
to south ice road crossings.

* Two new HDD pipeline pads would be constructed near the existing Alpine Sales Pipeline HDD Colville
River crossing.

* The Willow Pipeline (Section 2.5.2.2, Willow Pipeline) would tie into existing pipeline infrastructure at a
new tie-in pad located along the Alpine Pipeline near Alpine CD4N. One or more truckable modules would
be installed on this pad to support pigging, provide overpressure protection, and meter fluids as well as
infrastructure to facilitate warm-up or de-inventory of the Willow Pipeline and seawater pipeline.

2.5.1.6 Water Source Access Pads

Freshwater access would vary by action alternative. All action alternatives would include construction of a water
source access pad to provide access to the CFWR near Lake M0015. The water source access pad at the CFWR
would be connected to other infrastructure via a gravel access road from the road east of BT3. Alternatives B and
C would also include a water source access pad at Lake L9911 connected to a short gravel spur road from the
Project access road between GMT-2 and the Project. Alternatives C and D would include a water source access
pad at Lake M0235, northwest of BT2. Access would be provided via a gravel spur road connected to the gravel
road segment between BT2 and BT4. All pads would be sized to minimize the gravel footprint while maintaining
adequate space for vehicles to access the water sources and safely maneuver.
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2.5.1.7 Communications Tower Pad

To avoid potential interference with the airstrip and comply with FAA requirements, the WOC communications
tower (South WOC under Alternative C) would be constructed on a separate pad. For Alternatives B and C, the
gravel pad would be located adjacent to the WOC and South WOC, respectively. For Alternative D, the gravel
pad would be located approximately 1,250 feet south of the WOC along the gravel road to BTS5. The
communications tower pad would house communications infrastructure, including a communications tower up to
200 feet tall.

2.5.1.8 New Project Facilities on Existing Gravel Pads

The Project would include installation of additional modules and equipment on existing gravel pads at Kuparuk
CPF2 and the Alpine CPF (located at CD1). The Kuparuk CPF2 pad would be expanded 1.0 acre to accommodate
these new facilities. The Alpine CPF pad would be expanded 1.3 acres under Alternative D.

2.5.2 Pipelines
The Project would include infield and import/export pipelines (Figures 2.4.1, 2.4.2, and 2.4.3). Infield pipelines

would carry a variety of products, including produced fluids, produced water, seawater, miscible injectant, and
gas, between the WPF and each drill site. Import/export pipelines would include the Willow Pipeline, a seawater
pipeline, and a diesel pipeline, described further in Appendix D.1, Section 4.2.2, Pipelines. The Willow Pipeline
would carry sales-quality crude oil processed at the WPF to a tie-in with the existing Alpine Sales Pipeline near
Alpine CD4N.

Pipelines would rest on common horizontal support members (HSMs) atop vertical support members (VSMs)
placed approximately 55 feet apart, with an estimated 80% of VSMs being singular and 20% being installed as
pairs. VSMs would have a typical diameter of 12 to 24 inches (approximately 75% and 25% of VSMs,
respectively) and a disturbance footprint of 18 to 32 inches (up to 5.6 square feet).

2.5.2.1 Infield Pipelines

Infield pipelines would carry produced fluids (oil, gas, water), injection water, gas, and miscible injectant (for
enhanced oil recovery) between the WPF and each drill site. Infield pipelines would be designed to allow for
inspection and maintenance (e.g., pigging). Manifold and/or pipe rack piping would combine individual wellhead
piping into a common gathering line through which all produced fluids would be transported to the WPF.

2.5.2.2 Willow Pipeline

The Willow Pipeline (sales oil transport pipeline) would carry sales-quality crude oil processed at the WPF to a
tie-in with the Alpine Pipeline near Alpine CD4N. From CD4N, sales-quality oil would be transported via the
existing Alpine Sales Pipeline to the Kuparuk Pipeline and onward to the Trans-Alaska Pipeline System (TAPS)
near Deadhorse, Alaska. Between the WPF and the tie-in pad near CD4N, vertical lops or isolation valves would
be installed on each side of the Ublutuoch (Tigmiagsiugvik) River and on each side of the segments crossing the
Nigliagvik Channel, the Nigliq Channel, and Lakes L9341 and L9323.

2.5.2.3 Other Pipelines

Other Project pipelines would include a seawater import pipeline, a diesel import pipeline, a freshwater pipeline, a
treated water pipeline, and a fuel gas pipeline. The seawater pipeline would import seawater from Kuparuk CPF2
to the WPF for injection into the target reservoirs. The U.S. Department of Transportation—regulated diesel
pipeline would transport diesel fuel and other refined hydrocarbon products to power drilling support equipment,
well work operations, and vehicles and equipment. The seawater and diesel pipelines would cross beneath the
Colville River and would be installed using HDD. The Colville River crossing would be near the existing Alpine
Sales Pipeline HDD crossing, approximately 400 feet downstream (north). Further details on these pipelines can
be found in Appendix D.1, Section 4.2.2.3, Other Pipelines.

2.5.3 Access to the Project Area

Access to the Project area from Alpine, Kuparuk, or Deadhorse would occur via ground transportation on ice
roads, fixed-wing aircraft, and helicopter. Construction material (e.g., pipeline, VSMs) may be delivered to the
North Slope and Project area by ground transportation and barge. Small modules and bulk materials would be
delivered by barge to Oliktok Dock and transported to the Project area via the annual Alpine Resupply Ice Road
(Section 2.5.3.4, Sealift Barge Delivery to Oliktok Dock). The larger sealift modules comprising the processing

Chapter 2.0 Alternatives Page 11




Willow Master Development Plan Final Environmental Impact Statement

facilities at the WPF and the drill sites would also be delivered to the North Slope by sealift barge; however, these
modules would be too large to cross the Colville River ice bridge used by the Alpine Resupply Ice Road. As a
result, three different options for the sealift module deliveries are described in Section 2.6. Anticipated ground,
air, and marine traffic is detailed by alternative (Appendix D.1, Sections 4.3 through 4.5).

2.5.3.1 lIce Roads

Ice roads would primarily be used during Project construction to support gravel infrastructure and pipeline
construction, for lake access, and gravel mine site access. Separate ice roads would be used for pipeline
construction, gravel placement, and general traffic to address safety considerations. The usable ice road season for
the Project area is expected to be shorter than that of Kuparuk and Alpine operations due to the logistical
challenges of constructing a remote ice road. The annual Project ice-road season is expected to be 90 days
(January 25 through April 25). A typical ice road would be at least 6 inches thick with a 35- to 70-foot-wide
surface, depending on its use. All ice road routes in the EIS are estimated; final alignments would be determined
through optimization and impact minimization prior to construction.

Sealift modules would be transported via ice road (combination of sea ice and over tundra) to the Project area.
During drilling and operations, seasonal ground access from Deadhorse and Kuparuk to the Project area would be
provided via the annually constructed Alpine Resupply Ice Road and then via existing Alpine and GMT gravel
roads; under Alternative D, an annual ice road would be constructed from GMT-2 to the Project area. Alternative
C would require the construction of an annual ice road between the WPF and BT1 to resupply drill sites BT1,
BT2, and BT4.

2.5.3.2 Gravel Roads

All-season gravel roads would connect the Project drill sites to the WPF and to the existing GMT and Alpine
developments (with some exceptions under Alternatives C and D). Gravel roads would be designed to maintain
the existing thermal regime and would be a minimum of 5 feet thick (average 7 feet thick due to topography) and
have 2:1 side slopes. The roads to BT3 (except under Alternative D), BT4, BTS, the airstrip(s), and the water
source access road(s) would be 24 feet wide at the surface. All other Project roads would be 32 feet wide (crown
width). CPAI would limit 24-foot-wide Project roads to 25 miles per hour (mph) (32-foot-wide roads would have
35 mph speed limits). Roads would include subsistence tundra access ramps (at road turnouts) generally every 2.5
to 3 miles with final locations based on community input.

When possible, roads would be constructed at least 500 feet from pipelines to minimize caribou disturbance and
prevent excessive snowdrifts, but no more than 1,000 feet to aid in visual pipeline inspection from the road.

2.5.3.2.1 Bridges

Bridges would be designed to maintain bottom chord clearance of 4 feet above the 100-year design-flood
elevation or at least 3 feet above the highest documented flood elevation, whichever is higher. Bridges crossing
Judy (Iqalligpik) and Fish (Uvlutuuq) creeks would be designed to maintain a bottom chord clearance of at least
13 feet above the 2-year design flood elevation (open water) to provide vessel clearance. Final design analysis
would be based on observations, measurements, and modeled conditions (e.g., ice and snow effects), and would
vary from crossing to crossing based on site-specific conditions. Shorter, single-span bridges would be designed
to avoid placement of piers in main channels. Multi-span bridges would be constructed on steel-pile pier groups,
positioned approximately 40 to 70 feet apart with sheet-pile abutments located above ordinary high water (OHW).
Each bridge would be designed to accommodate drill rig movement. Bridges would range from 40 to 420 feet in
length. (Specific bridge crossings details are in Appendix D.1, Sections 4.3 through 4.5.)

2.5.3.2.2 Culverts

Culverts would be placed in roads to maintain natural surface drainage patterns; culverts at swale crossings would
be placed perpendicular to the road, where feasible. Culvert size, design, and layout would be determined based
on site-specific conditions to pass the 50-year flood event with a headwater elevation not exceeding the top of the
culvert. Fish-passage culverts meeting Alaska Department of Fish and Game (ADF&G) fish passage design
requirements would be placed where required (as designated by the ADF&G). The estimated spacing of cross-
drainage culverts is one every 1,000 feet. Culverts would be installed per the final design prior to breakup of the
first construction season, but additional culverts may be placed after breakup as site-specific needs are further
assessed with regulatory agencies.
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2.5.3.3 Airstrip and Associated Facilities

Year-round access to the Project area from Alpine, Kuparuk, Deadhorse, or other locations would be provided by
aircraft. Aircraft would support transportation of work crews, materials, equipment, and waste to and from the
Project. Air access would be supported by a 6,200-foot-long gravel airstrip located near the WOC under
Alternatives B and D and near the South and North WOC under Alternative C, which would include two airstrips.
Additional airstrip facilities would include a traffic advisory center and approach lighting with airstrip module
lighting pads. Aircraft would maintain altitudes consistent with Best Management Practice (BMP) F-1 (BLM
2013a), except during takeoffs and landings and unless doing so would endanger human life or violate safe flying
practices. Aircraft flight paths would be routed north of Nuigsut to the extent practicable.

2.5.3.4 Sealift Barge Delivery to Oliktok Dock

Sealift barges would be used to deliver the processing and drill site modules during four open-water (summer)
seasons, as well as other bulk materials, to the North Slope. Barge transit routes would follow existing, regularly
used marine transportation routes. To facilitate module delivery, CPAI would use a 9.6-acre offshore barge
lightering area approximately 2.3 nautical miles (2.6 miles) from Oliktok Dock, where the water is approximately
10 feet deep. Lightering is the process of transferring cargo between vessels to reduce a vessel’s draft, which
allows it to enter a dock or port with shallower waters. The water depth at Oliktok Dock is too shallow
(approximately 8 feet deep) to accommodate the draft depth of a fully loaded sealift barge. As a result, a portion
of the load on each barge would be lightered onto an empty barge to allow transport to the dock.

During the lightering process, barges would be grounded on the seabed, which would require screeding, which is
the redistribution or recontouring of the existing seafloor to provide a level surface for the barges to be grounded
on during load transfers. Following sealift barge grounding and cargo transfer, each barge with a lightened load
would be grounded in front of Oliktok Dock and off-loaded. To prevent pressure points on the barge hull during
the grounded off-load at the dock, approximately 2.5 acres of marine area in front of the dock would also be
screeded immediately before the first barge delivery each year. Grounding barges would require intaking seawater
as ballast and then discharging seawater to refloat the barges. Ballast water intake and discharge would occur at
the lightering area and the at the dock face; ballast water to ground barges would not be transported. Barge ballast
tanks would be stripped of water and dried before departing the fabrication site for the North Slope.

2.5.4 Other Infrastructure and Utilities

2.5.4.1 lIce Pads

Single-season and multi-season ice pads would be used to support construction. Single-season ice pads are built
and used for a single winter construction season, and they would be used during all years of construction to house
construction camps, stage construction equipment, and support construction activities. Single-season ice pads
would be used during construction at the gravel mine site during gravel mining activities (Appendix D.1, Section
4.2.6, Gravel Mine Site), on either side of bridge crossings during gravel road and pipeline construction, at the
Colville River HDD pipeline crossing, and at other locations as needed near proposed infrastructure within the
Project area.

Multi-season ice pads would be used on a limited basis to stage construction materials between winter
construction seasons; this avoids the need to place gravel fill to support temporary activities. Multi-season ice pad
construction uses a base layer of ice with structural insulated panels above and rig mats on the surface. Once the
multi-season pad is no longer needed, the rig mats and insulated panels would be removed, and the ice would be
excavated to within 12 inches of the tundra surface.

Three 10.0-acre multi-season ice pads would be used during Project construction: near GMT-2, near the WOC
(South WOC under Alternative C), and at the Tigmiagsiugvik Mine Site. These pads would allow ice road, gravel
mining, and other equipment to be stored on-site over the summer, which would support earlier construction
starting dates the following winter, while minimizing gravel fill. Some single season ice pads at the mine site may
be converted to multi-season ice pads; that determination would be made at the application stage.

2.5.4.2 Camps

Camps required to support Project construction include temporary construction camps within the Project area at
the WOC (for Alternatives B and D; at the North and South WOCs under Alternative C) as well as other existing
camp space at Alpine (Alpine Operations Camp), the Kuukpik Pad (near the intersection of the Nuigsut Spur
Road and Alpine CDS5), and the Sharktooth Camp in Kuparuk. Housing of construction workers at the Kuukpik
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Hotel in Nuigsut is also possible. Camps to support drilling would be located at each drill site. The Willow Camp
would support operations and be located at the WOC pad (for Alternatives B and D; at the North and South
WOCs under Alternative C).

2.5.4.3 Power Generation and Distribution

Electrical power for the Project would be generated by a 98-megawatt power plant at the WPF, equipped with
natural gas-fired turbines. Power would be delivered to each drill site and the WOC(s) via power cables
suspended from pipeline VSMs using messenger cables attached to the HSMs. Following WPF startup, the power
plant would also be used to power drill rigs, except during periods when power from the WPF is unreliable.

During construction and drilling, prior to completion of the permanent power supply, portable generators would
provide temporary power at various locations. Once fuel gas is available, upon startup of the WPF, diesel-fired
emergency backup generators would be installed at the WPF and Willow Camp. Portable diesel-fired emergency
backup generators would be available to provide emergency power at drill sites. Permanent electric power
generator sets would be fully enclosed or acoustically packaged to abate noise.

2.5.4.4 Communications

Communications infrastructure would be provided by fiber-optic cables suspended from pipeline VSMs.
Permanent communications towers would be located on the communications tower pad near the WOC and at each
drill site (six towers total). The communications towers would be up to 200 feet tall and would not use guywires.
Temporary towers would be pile supported and may require guywire supports. Guywires would include devices to
mitigate bird strikes. All towers would have warning lights, as required by FAA for aircraft safety. Bird nesting
diversion equipment may be installed on towers consistent with BLM NPR-A BMP E-9 (BLM 2013a), as is
practicable given the equipment layout and potential for snow and ice loading and associated concerns.

2.5.4.5 Potable Water

The CFWR adjacent to Lake M0015 (also called R0056) would be the primary source of freshwater for domestic
use under all action alternatives. Additional freshwater sources include Lake L911 (Alternatives B and C) and
Lake M0235 (Alternatives C and D). The freshwater intake infrastructure at the CFWR and Lakes L9911 and
MO0235 would be accessed by water source access roads and pads.

The water from the CFWR and Lakes L9911 and M0235 would be treated in accordance with State of Alaska
Drinking Water Regulations (18 AAC 80), as required for any potable drinking water system. Prior to operation
of the freshwater intake system, potable water for construction and drilling camp use would be withdrawn using
temporary equipment and trucked to the water plant at the temporary construction camp. Additional freshwater
withdrawals from other local permitted lakes would be needed during the construction phase (e.g., ice road and
pad construction, hydrostatic pipeline testing, HDD), the drilling phase (e.g., drilling support), and the operations
phase (e.g., dust control); these are described in Appendix D.1, Section 4.2.5, Water Sources and Use.

2.5.4.6 Domestic Wastewater

Domestic wastewater treatment infrastructure would be located at the WOC (North and South WOCs under
Alternative C). Sanitary waste generated from camps would be hauled to the wastewater treatment facility. The
treated wastewater would be disposed of in the Class I UIC disposal well located at the WOC(s), hauled to and
disposed of at another approved disposal site (e.g., Alpine), or in an emergency, discharged under the Alaska
Pollutant Discharge Elimination System (APDES) General Permit (AKG 33-2000).

Prior to the establishment of the UIC well at the WOC, domestic wastewater would be treated and either hauled to
Alpine or Kuparuk (winter only) for injection in an existing UIC disposal well or, in instances where weather or
conditions at Alpine prevent disposal, discharged to tundra per APDES permit conditions.

2.5.4.7 Solid Waste

Domestic waste (e.g., food, paper, wood, plastics) would either be incinerated (to prevent attracting animals) on-
site or at Alpine or, if non-burnable, would be recycled or transported to a landfill facility in Deadhorse (NSB
landfill), Fairbanks, or Anchorage. Incinerator ash would be stored on-site until it could be transported to a
landfill for disposal. Other hazardous and solid waste from the Project would be managed under Alaska
Department of Environmental Conservation (ADEC) and EPA regulations, as well as BLM BMPs.
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2.5.4.8 Drilling Waste

Drilling waste (e.g., drilling mud, cuttings) would be disposed of on-site through annular disposal (i.e., pumped
down the well through the space between the two well casing strings) and/or transported to an approved disposal
well (e.g., Class I UIC disposal well at the WOC). The Project would not use reserve pits. A temporary storage
cell (typically a lined, wooden structure) may be constructed for staging drilling muds and cuttings prior to
disposal. Produced water would be processed at the WPF and reinjected to the subsurface through injection wells
as part of reservoir pressure maintenance and waterflood for secondary recovery. Well work waste materials
would be managed according to the Alaska Waste Disposal and Reuse Guide (CPAI and BP n.d.). In addition to
regulations governing waste handling and disposal, the Project would also be managed under BLM BMPs.

2.5.4.9 Fuel and Chemical Storage

Fuel and other chemicals would primarily be stored at the WPF, with additional storage at drill sites. Diesel fuel
would be stored in temporary tanks on-site during construction under all action alternatives. During the drilling
and operations phases, the WPF would include a fuel supply storage tank(s) and an associated fueling station as
well as a tank farm to store methanol, crude oil flowback, corrosion inhibitor, biocide, scale inhibitor, emulsion
breaker, and other chemicals, as required. Jet fuel would be stored on the airstrip apron for helicopter use; jet fuel
would be delivered to airplanes by fuel trucks supplied by storage tanks located at the WPF.

Drill sites would have temporary tanks to support drilling operations, including brine tanks, cuttings and mud
tank, and a drill rig diesel fuel tank (built into the drill rig structure). Production operations storage tanks at drill
sites would include chemical storage tanks that may contain any of the following (depending on operational
needs): corrosion inhibitor, methanol, scale inhibitor, emulsion breaker, anti-foaming agent, and ultra-low sulfur
diesel fuel. Portable oil storage tanks to support well and pad operational activities and maintenance (i.e., well
work, well testing) may be present on an as-needed basis.

Fuel and oil storage would comply with local, state, and federal oil pollution prevention requirements, according
to the Oil Discharge Prevention and Contingency Plan (ODPCP) and Spill Prevention Control and
Countermeasures (SPCC) Plan. Secondary containment for fuel and oil storage tanks would be sized as
appropriate to the container type and according to governing regulatory requirements (18 AAC 75 and 40 CFR
112). Fuel and chemical storage for the Project would be managed under BLM BMPs (BLM 2013a).

2.5.5 Water Sources and Use

2.5.5.1 Constructed Freshwater Reservoir

CPAI would construct a CFWR (Figure 2.5.1) to ensure a reliable source of freshwater for the Project while
minimizing the need for water withdrawal from Project-area lakes. The CFWR would be sized for an estimated
winter withdrawal volume of 55 million gallons (MG). The CFWR would be accessed by a gravel access road
from the road to BT3, and would consist of an 800-foot-long by 700-foot-wide by 50-foot-deep pit with 6
horizontal to 1 vertical ratio (6:1) side slopes and a 7-foot-high permanent berm. An approximately 1,325-foot-
longconnection channel would connect the CFWR to Lake M0015 to support initial reservoir flooding and
facilitate annual recharge. The excavation footprint for the CFWR would be 16.3 acres. The channel connection
would include a sheet-pile weir with a screen to limit fish access to the CFWR and a flow control gate to allow
CPAI to restrict flow into the CFWR based on the monitoring of Lake M0015 water levels and the lake’s outlet to
Willow Creek 3. Water would be withdrawn using a submerged pump (screened per ADF&G design standards).
At times of low flow in Willow Creek 3, the flow control gate could be closed so that water is not diverted into
the CFWR.

2.5.5.2 Other Water Sources

CPAI would also construct gravel access roads to connect to Lake L9911 (Alternatives B and C) and/or Lake
MO0235 (Alternatives C and D) to supply water for the Project’s drilling and operations phases. Lake L9911 has an
estimated total lake volume of 1,586 MG and Lake M0235 has an estimated total lake volume of 327 MG. Water
intake infrastructure at these lakes would consist of a triplex pump (housed within secondary containment) sitting
on the water source access pad. Water for construction and the maintenance of ice roads and ice pads would be
withdrawn from lakes near the construction activities as allowed by State of Alaska temporary water use
authorizations and fish habitat permits (where necessary).
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Seawater for hydraulic fracturing and well injection would come from the existing Kuparuk Seawater Treatment
Plant at Oliktok Point and would be shipped to the Project area from Kuparuk CPF2 via a new seawater pipeline.

2.5.5.3 Water Use

Freshwater would be required for domestic use at remote construction camps and for construction and
maintenance of ice roads and ice pads. Potable water requirements are based on a demand of 100 gallons per day
per person. Freshwater would also be used for hydrostatic testing.

Depending on the use, ice road widths would be 35 feet, 50 feet, or 70 feet; the volume of freshwater required to
construct these ice roads would be approximately 1.0 MG, 1.4 MG, and 2.0 MG, respectively. Multi-season ice
pads require approximately 0.25 MG of water per acre, per foot of thickness; Project multi-season ice pads would
typically be between 5 to 7 feet thick (including insulation and rig mats), depending on site-specific topography.
Multi-season ice pads are individually engineered based on geographic and seasonal variables. Water use for
module delivery is described in Appendix D.1, Section 4.7, Sealift Module Delivery Options.

Freshwater would be required for domestic use at the drilling camp and during drilling activities. Prior to WPF
startup, freshwater would be used for drilling water and hydraulic fracturing. Drilling water requirements are
estimated to be 1.4 MG per rig per month and hydraulic fracturing would require approximately 1.0 MG of water
per well. Following WPF startup, freshwater needs for drilling water would drop to approximately 0.4 MG per
well; the remaining drilling and all of the hydraulic fracturing water would then be seawater. Freshwater for
drilling may be withdrawn from lakes near the Project using temporary triplex pump and truck connections, as
allowed by temporary water use authorizations and fish habitat permits.

During construction, seawater would be used for ballast water by sealift barges making deliveries to Oliktok
Dock. Following WPF startup, seawater would be used for the hydraulic fracturing of production and injection
wells, drilling, and for reservoir injection to support enhanced oil recovery. Enhanced oil recovery would require
approximately 2.1 to 3.8 MG of seawater per day.

2.5.6 Gravel Mine Site

The amount of gravel required for the Project varies by alternative and module delivery option (approximately
5.0 to 6.4 million cubic yards [cy] depending on the alternative and module delivery option). Gravel would be
obtained from a new gravel source in the Tigmiagsiugvik area, approximately 4 to 5 miles southeast of Greater
Mooses Tooth 1 (GMT-1) (Figures 2.4.1, 2.4.2, and 2.4.3). The mine site footprint would overlap the Ublutuoch
(Tigpmiaqgsiugvik) River 0.5-mile setback (137.8 acres); however, mine development is allowed in the setback
area (BMP K-1 in BLM 2013a).

2.5.6.1 Mine Site Description

CPAI proposes to develop two mine site cells (Area 1 and Area 2) located on BLM-managed lands in the
Tigmiagsiugvik area (Figure 2.5.2). Further geotechnical investigation has reduced the anticipated mine site
footprint from 230.0 acres (total), as described in the Draft EIS (BLM 2019c¢). Current CPAI estimates are that
Mine Site Area 1 would have a 109.3-acre excavation footprint and Mine Site Area 2 would have a 40.4-acre
footprint (149.7 total acres). Both mine sites would be needed in order to fulfill Project gravel needs.

The gravel mine site would be accessed seasonally via ice road; no permanent gravel road to the mine site would
be constructed. There would be no activity at the mine site outside of the winter construction season. Gravel
mining operations would occur over six to seven winter construction seasons (varies by alternative).

The layout of the mine site areas would be designed to maximize access to the most suitable construction
materials while minimizing overall surface disturbance at the site. Overburden removal and gravel mining would
proceed as material is needed. To support gravel mining, a 10.0-acre multi-season ice pad and approximately
188.0 total acres of single-season ice pads would be used for storing equipment and stockpiling overburden.
Some single season overburden ice pads at the mine site may be converted to multi-season ice pads; that
determination would be made at the application stage.

Pumping would be necessary to maintain a lowered water level throughout mining operations. Pumped water
would be discharged through a diffuser onto tundra.

Inorganic overburden material would be used to create water diversion berms (approximately 5 feet tall and 15
feet wide at the top) as needed around the perimeter of the mine site cells. These berms would be placed directly
on the surrounding tundra to prevent surface water flow into the mine site, help maintain thermal stability of
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permafrost adjacent to the mine footprint, safeguard the stability of the mine walls during mine operation, and
provide a protective physical barrier around the mine site for local residents.

2.5.6.2 Mine Site Rehabilitation

Mine site reclamation would begin once excavation has progressed enough to provide room within the excavated
area to safely perform both mining and reclamation activities concurrently. Reclamation materials would include
overburden removed during mining and soils generated during Project construction (e.g., CFWR excavation). The
material stockpiled on the adjacent ice pads would be placed back into the excavated area. It is anticipated the
overburden generated in Mine Area 2 would remain stockpiled through one summer before being used for mine
site reclamation. Following the removal of the overburden stockpiles, monitoring and treatment of the underlying
tundra would be completed as needed. All subsequent overburden removed during mining operations would then
remain in the excavated mine site. Performing reclamation during the same season as mining would minimize the
overall disturbance footprint by eliminating the ongoing need to stockpile overburden outside of the mine site
excavation.

When the mine site is no longer needed as a gravel source and reclamation efforts are complete, the mine site
walls would have 3:1 slopes. The mine site cells would be allowed to naturally fill with water (e.g., precipitation,
meltwater) to potentially provide waterfowl and shorebird habitats. It is anticipated it will take a decade or longer
to fill the excavation sites with water. The Willow Mine Site Mining and Reclamation Plan is included as
Appendix D.2, Willow Mine Site Mining and Reclamation Plan.

2.5.7 Erosion and Dust Control

The Project would follow a Facility Erosion Control Plan, which would outline procedures for the operation,
monitoring, and maintenance of various erosion control methods. A Stormwater Pollution Prevention Plan
(SWPPP) would describe management of surface water drainage for Project gravel pads. Both plans would be
based on the existing Alpine Facility Erosion Control Plan and Alpine SWPPP.

CPAI would implement a Project Dust Control Plan to minimize the incidence of fugitive dust. The Dust Control
Plan would identify Project sources for fugitive dust, dust control methods and measures to be used for each
source, and monitoring and record keeping parameters. Dust control would include watering gravel roads to
minimize dust impacts to the tundra and to maintain gravel road integrity. The Willow Dust Control Plan can be
found in Appendix 1.3, Dust Control Plan.

2.5.8 Spill Prevention and Response

Facilities would be designed to mitigate spills with spill prevention measures and spill response capabilities.
CPAI would implement a pipeline maintenance and inspection program and an employee spill prevention training
program to further reduce the likelihood of spills occurring. CPAI’s design of production facilities would include
provisions for secondary containment of hydrocarbon-based and other hazardous materials, as required by state
and federal regulations. If a spill occurs on a pad, the fluid would remain on the pad unless the spill is near a pad
edge or exceeds the pad’s retention capacity. In addition to regulations governing spill prevention and response,
the Project would be managed under the BLM BMPs described for solid waste, fuel, and chemical storage (BLM
2013a). Additional details on spill prevention and response are in Appendix H, Spill Summary, Prevention, and
Response Planning.

2.5.8.1 Spill Prevention

Spill prevention and response measures that would be used during construction, drilling, and operations would be
outlined in Project ODPCP and SPCC Plan, which will outline CPAI’s capability to prevent oil spills from
entering the water or land and to ensure rapid response in the event a spill occurs.

CPAI would design and construct pipelines to comply with state, federal, and local regulations and would use two
methods of leak detection for the seawater and diesel pipeline HDD crossings under the Colville River: leak
detection by mass balance (primary) and optical leak detection (secondary and within the pipeline carrier casing).
To further prevent a pipeline leak under the Colville River, the diesel and seawater pipelines would be installed
inside high-strength casing pipe.

There would be an increased potential for pipeline spills where pipelines would cross under roads due to corrosion
of the buried portion of the pipelines. The likelihood of corrosion occurring would be reduced through design and
monitoring. CPAI would maintain corrosion control and inspection programs that include ultrasonic inspection,
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radiographic inspection, coupon monitoring, metal loss deflection pigs and geometry pigs (applicable to pig-
capable pipelines), and infrared technology.

2.5.8.2 Spill Response

The Project’s ODPCP would demonstrate readily accessible inventories of fit-for-purpose oil spill response
equipment and personnel at Project facilities. In addition, a state-registered primary response action contractor
would provide trained personnel to manage spill response. Spill response equipment would be pre-staged at
strategic locations across the Project area as outlined in the ODPCP for an initial response. This strategy would
facilitate the rapid deployment of equipment by personnel. The effective response time would be enhanced with
pre-staged equipment, which would expedite equipment deployment to contain and recover spilled oil, reducing
the overall affected area.

2.5.8.3 Spill Training and Inspections

CPAI provides regular training for its employees and contractors on the importance of preventing oil or hazardous
material spills. The CPAI Incident Management Team participates in regularly scheduled training programs and
conducts spill response drills in coordination with federal, state, and local agencies.

CPALl is required to conduct visual examinations of pipelines and facility piping with a frequency defined under
49 CFR 195.412 and 18 AAC 75.055 during operations at a minimum interval not exceeding 3 weeks. CPAI
would provide aerial overflights as necessary to allow inspection both visually and with the aid of infrared
technology, when required.

2.5.9 Abandonment and Reclamation

The abandonment and reclamation of Project facilities would be determined by the BLM Authorized Officer at or
before the time of abandonment. The abandonment and reclamation plan would be subject to input from federal,
state, and local authorities and private landowners. Abandonment and reclamation may involve removal of gravel
pads and roads or leaving these in place for use by a different entity. Revegetation of abandoned facilities could
be accomplished by seeding with native vegetation or through natural colonization. Reclaimed gravel could be
used for other development projects. To assist with abandonment and reclamation, BLM holds bonds from any
company conducting development activities within the NPR-A to cover the cost of reclamation. CPAI also sets
aside money to cover asset retirement obligations.

2.5.10 Schedule and Logistics

Timing of the Project is based on several factors including permitting and other regulatory approvals, Project
sanctioning, and purchase and fabrication of long-lead time components. CPAI proposes to construct the Project
over approximately 9 to 10 years (depending on the alternative) beginning in the first quarter (Q1) of 2021. The
WPF is anticipated to come online the fourth quarter (Q4) of 2025 (first oil) for Alternatives B and C, and in Q4
0f 2026 for Alternative D. Operations would run to the end of the Project’s field life, which is estimated to be
2050 (Alternatives B and C) or 2051 (Alternative D).

2.5.10.1 Construction Phase

Gravel mining and placement would be conducted almost exclusively during winter. Prepacking snow and
constructing ice roads to access the gravel mine site and gravel road and pad locations would occur in December
and January, with ice roads assumed to be available for use by February 1. Gravel for the infrastructure associated
with the initial construction (access road [Alternatives B and C], BT1, BT2, BT3, connecting roads, WPF, WOC,
and airstrips) would be mined and placed during winter for the first 4 to 5 years of construction (varies by
alternative). Two additional winter seasons of gravel mining and placement would occur to construct BT4, BTS,
and associated roads. Gravel haul and placement to modify Oliktok Dock would occur during the 2022 summer
season (Alternatives B and C) or 2023 (Alternative D).

Culvert locations would be identified and installed per the final design during the first construction season prior to
breakup. Bridges would be constructed during winter from ice roads and pads. Once gravel pads are completed,
on-pad facilities would be constructed. Modules for the WPF and drill sites BT1, BT2, and BT3 would be
delivered by barge to the MTI during summer. Modules for drill sites BT4 and BT5 would be delivered via a
second sealift 2 years after the first delivery and moved to the Project area in the same manner as modules for
BT1, BT2, and BT3.
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The CFWR would be constructed during Q1 and the second quarter of 2023 (under all action alternatives).

Pipeline installation would take from 1 to 4 years per pipeline, depending on pipeline length and location. The
HDD Colville River pipeline crossing would be completed during the winter construction season of 2024.

2.5.10.2 Drilling Phase

Drilling is planned to begin in 2024 (Alternatives B and C) or 2025 (Alternative D) at BT 1. It is assumed the
wells would be drilled consecutively, from BT1 to BT5; however, CPAI would determine the final timing and
order of drilling based on economics and drill rig availability. Drilling is anticipated to take 6 years and would be
conducted year-round with an anticipated progress rate of approximately 15 to 30 days per well.

2.5.10.2.1 Hydraulic Fracturing

Project drilling would include hydraulic fracturing, which is a process used to increase the flow of fluids from a
reservoir into the wellbore and to establish a connection between oil-bearing formation layers. Each production
well would receive a multistage hydraulic fracturing operation similar to those employed at other North Slope
developments. It is anticipated that each well would be hydraulically fractured one time with approximately 12 to
20 individual fracturing locations within the well. Hydraulic fracturing operations would last approximately 6
days per well with six wells per pad per year being fracture stimulated. Hydraulic fracturing would only be used
during the initial stage of drilling to stimulate flows at the production wells; it would not be needed for continued
production over the life of the Project. The Alaska Oil and Gas Conservation Commission (AOGCC) maintains
jurisdiction over the subsurface fracturing process (20 AAC 25.283), and all hydraulic fracturing activities would
comply with AOGCC regulations.

2.5.10.3 Operations Phase

Following initial well drilling and WPF startup, typical operations would consist of well operations and
production and transportation of produced hydrocarbons. Well maintenance operations would occur intermittently
throughout the life of the Project. CPAI’s standard operations and maintenance practices would be implemented
for this Project phase. Table D.4.4 (Appendix D.1, Section 4.2.10.3, Operations Phase) summarizes the
anticipated daily production profile for each action alternative; these production values include fluids produced at
GMT-2 and processed at the WPF.

2.5.11 Project Infrastructure in Special Areas

All action alternatives would include Project infrastructure in BLM-identified Special Areas, including the
Colville River Special Area (CRSA) and the TLSA. Designation of Special Areas does not provide specific
restrictions on activities but does require such activities be conducted in such a way as to ensure the protection of
surface values while being consistent with the NPRPA for exploration and production activities (BLM 2013a,
2020a).

2.5.12 Compliance with Bureau of Land Management Lease Stipulations and Best Management
Practices
Activity in the NPR-A is subject to a variety of existing lease stipulations (LSs) and BMPs intended to reduce
effects from development activity. In addition to the 2013 LSs and BMPs (BLM 2013a), BLM is revising the
NPR-A IAP (BLM 2020a), including potential changes to required BMPs (described as required operating
procedures [ROPs] in BLM 2020). Updated ROPs adopted in the new NPR-A IAP will replace existing BMPs
(BLM 2013a); however, applicable LSs would not change because LSs are fixed at the time of lease issuance.
Some requirements may apply as either a LS or BMP/ROP. If the activity is based on lease rights, the LS governs
and could not be superseded by a BMP/ROP; otherwise the requirement would apply as a BMP/ROP. The terms
BMPs and ROPs are used interchangeably throughout the EIS. (The reader is referred to Section 2.2.7, Lease
Stipulations, Required Operating Procedures, and Lease Notices, of the 2020 IAP/EIS for further discussion on
this topic.) The Willow MDP ROD will detail which of the measures will be implemented for the Project. Many
of the previously identified LSs and BMPs are readily incorporable into the Project, although some LSs and
BMPs may require exceptions or deviations due to Project constraints and would be evaluated by BLM on a case-
by-case basis. Deviations and exceptions from LSs and BMPs are discussed further in the relevant sections for
each action alternative in Appendix D.1. Table 2.5.1 lists LSs and BMPs from the 2013 NPR-A IAP/EIS ROD
(BLM 2013a) and proposed ROPs from 2020 NPR-A IAP Final EIS anticipated to be applicable to the Project.
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Table 2.5.1. Applicable Lease Stip

Waste handling and disposal

ulations and Best Mana

2013 Lease Stipulations and

Best Management Practices
A-1, A-2, A-7

sement Practices

2020 Proposed Revisions to Best
Management Practices
A-1, A-2; BMP A-7 withdrawn

Fuels and hazardous materials handling and | A-3, A-4, A-5 A-3, A4, A-5

storage; spill prevention and spill response

Health and safety A-8, A-11, A-12 A-8, A-13; BMPs A-11 and A-12 have no
similar requirement

Air quality A-9, A-10 A-10, A-14; BMP A-9 withdrawn

Water use B-1,B-2 B-1,B-2

Winter overland moves

C-1,C-2,C-3,C4

C-1,C-2,C-3,C4

Facility design and construction

E-1,E-2, E-3, E-4, E-5, E-6,
E-7,E-8, E-9, E-10, E-11, E-
12, E-13, E-14, E-17, E-18,
E-19

E-1, E-2, E-3, E-5, E-6, E-7, E-8, E-10, E-11,
E-12, E-13, E-17, E-18, E-19, E-21; BMP E-4
withdrawn; BMPs E-9 and E-14 combined or
incorporated into other ROPs

Aircraft use F-1 F-1,F-2, F-3, F-4

Qil field abandonment G-1 G-1

Subsistence H-1, H-3 H-1, H-3, H-4, H-5, K-15, K-16
Worker orientation 1-1 1-1

Biologically sensitive areas

K-1, K-2, K-4, K-35, K-6, K-
7,K-9, K-10

E-23, K-1, K-2, K-5 (formerly K-6), K-6
(formerly K-4), K-7 (formerly K-4), K-9
(formerly K-5), K-10 (formerly K-9), K-11
(formerly K-10), K-12 (formerly K-7)

Summer vehicle tundra access

L-1

L-1

General wildlife and habitat protection

J, M-1, M2, M-3, M-4

M-1, M-2, M-3, M-4, M-5

Source: BLM 2013a, 2019¢
Note: BMP (best management practice).

2.5.13 Boat Ramps for Subsistence Users

CPAI proposes to construct up to three boat ramps (number varies by action alternatives) for subsistence use as
part of its effort to mitigate Project effects on the community of Nuigsut (Figure 2.5.3). CPAI proposes to
construct one boat ramp (all action alternatives) to access the Ublutuoch (Tigmiagsiugvik) River along the
existing gravel road between Alpine CD5 and GMT-1 during the first year of construction. Two additional boat
ramps could be constructed along Judy (Iqalligpik) Creek and/or Fish (Uvlutuuq) Creek under Alternative B,
pending further community input; these boat ramps would be accessed via short gravel roads connected to Project
roads near Project bridges. The two additional boat ramps would not apply to Alternatives C and D as there would
be no gravel road connection to these locations from Nuiqsut; they would be constructed within two years of
constructing the BT1 and BT4 access roads after site visits and input from local stakeholders.

Preliminary locations and boat ramp design have been determined, but CPAI is seeking community feedback on
the preferred location(s) that would best serve the needs of the community. The boat ramps would include a
gravel pad with space for vehicles to turn around and provide parking space for approximately 10 vehicles with

trailers.

2.6 Sealift Module Delivery Options
CPAI proposes to use large prefabricated modules for Project components like the WPF and drill site facilities.
These large modules would be fabricated at an off-site location and transported to the North Slope via sealift
barge. Modules for the WPF and drill sites are anticipated to weigh between 3,000 and 4,000 tons and up to 1,000
tons, respectively. Because these large modules are too heavy to be transported across the Colville River on the
annual resupply ice road, the following module delivery options are presented for detailed analysis in the EIS:

* Option 1: Atigaru Point Module Transfer Island

* Option 2: Point Lonely Module Transfer Island

* Option 3: Colville River Crossing

The first two options would deliver the large modules to an MTI west of the Colville River (eliminating this

required crossing) and then use ice roads to transport the modules to their gravel pads. Based on concerns from
stakeholders, CPAI developed a third option to deliver the large modules to the Project area that would use the
existing Oliktok Dock and not require an MTI
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Sealift delivery of the large WPF and drill site modules would occur during two open-water seasons. Under
Alternatives B and C, the modules would be delivered during the summers of 2024 and 2026; under Alternative
D, the modules would be delivered during the summers of 2025 and 2027. The three module delivery options are
described below.

2.6.1 Option 1: Atigaru Point Module Transfer Island

Option 1 would construct an MTI in Harrison Bay near Atigaru Point to support sealift module delivery (Figure
2.4.4). Appendix D.1, includes additional details regarding island construction, maintenance, and
decommissioning; ice road and ice pad requirements; water use; anticipated traffic volumes; and schedule.

2.6.2 Option 2: Point L.onely Module Transfer Island

Option 2 would construct an MTI at Point Lonely, a former U.S. Department of Defense site, to support sealift
module delivery (Figure 2.4.5). Appendix D.1 includes additional details regarding island construction,
maintenance, and decommissioning; ice road and ice pad requirements; water use; anticipated traffic volumes;
and schedule.

2.6.3 Option 3: Colville River Crossing

Option 3 is the Proponent’s proposed module delivery option and it would use the existing Oliktok Dock to
receive the sealift barges. The modules would be transported over existing Kuparuk gravel roads using self-
propelled module transporters (SPMTs) from Oliktok Dock to Kuparuk Drill Site 2P (DS2P). From Kuparuk
DS2P, the modules would then be moved by heavy-haul ice roads to GMT-2, crossing the Colville River on a
partially grounded ice crossing near Ocean Point (Figure 2.4.6). From GMT-2, the modules would be transported
to the Project area over Project gravel roads (Alternatives B and C) or ice roads (Alternative D) to reach the WPF
and drill site gravel pads.
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2.7 Comparison of Action Alternatives and Module Delivery Options
Table 2.7.1 and Figure 2.7.1 provide a comparison of action alternatives. Table 2.7.2 provides a comparison of module delivery options.

Table 2.7.1. Summary Comparison of Action Alternatives

Project Component Alternative B — Proponent’s Project Alternative C — Disconnected Infield Roads  Alternative D — Disconnected Access
Drill site gravel pads Five pads (79.8 acres total) Five pads (88.3 acres total): BT1 (23.3 acres), Five pads (62.8 acres total):
Three 17.0-acre pads (51.0 acres total): BT1, | BT2 (18.1 acres), BT3 (17.0 acres), BT4 (15.5 Two 17.0-acre pads (34.0 acres total): BT1 and
BT2, and BT3 acres), and BT5 (14.4 acres) BT2
Two 14.4-acre pads (28.8 acres total): BT4 Two 14.4-acre pads (28.8 acres total): BT4 and
and BT5 BTS
BT3 (colocated with WPF; acreage accounted for
under WPF pad)

WPF gravel pad 22.8-acre pad 22.8-acre pad 64.7-acre pad (colocated with BT3)

WOC gravel pad 31.3-acre pad Two WOC pads (50.2 acres total): 62.2-acre pad

South WOC (33.4 acres)
North WOC (16.8 acres)

Constructed freshwater 16.3-acre excavation (reservoir and 16.3-acre excavation (reservoir and connecting | 16.3-acre excavation (reservoir and connecting

reservoir connecting channel) and 3.9-acre perimeter |channel) and 3.9-acre perimeter berm channel) and 3.9-acre perimeter berm

berm

Water source access Two water source access pads (2.6 acres Three water source access pads (3.9 acres total) | Two water source access pads (2.6 acres total) at

gravel pads total) at the CFWR (1.3 acres) and Lake at the CFWR (1.3 acres) and Lakes L9911 (1.3  |the CFWR (1.3 acres) and Lake M0235 (1.3 acres)

L9911 (1.3 acres) acres) and M0235 (1.3 acres)

Other gravel pads Four valve pads (1.3 acres total); two pads at | Four valve pads (1.7 acres total); two helicopter |Four valve pads (1.3 acres total): two pads at Judy
Judy (Iqalligpik) Creek pipeline crossing accessible pads at Judy (Iqalligpik) Creek (Iqalligpik) Creek pipeline crossing and two pads
and two pads at Fish (Uvlutuuq) Creek pipeline crossing and two pads at Fish at Fish (Uvlutuuq) Creek pipeline crossing
pipeline crossing (Uvlutuuq) Creek pipeline crossing Two HDD pipeline pads at Colville River crossing

Two HDD pipeline pads at Colville River | Two HDD pipeline pads at Colville River (1.5 acres total)
crossing (1.5 acres total) crossing (1.5 acres total) Tie-in pad near Alpine CD4N (0.7 acre)
Tie-in pad near Alpine CD4N (0.7 acre) Tie-in pad near Alpine CD4N (0.7 acre) Pipeline crossing pad near GMT-2 (0.5 acre)
Pipeline crossing pad near GMT-2 (0.5 acre) | Pipeline crossing pad near GMT-2 (0.5 acre) Communications tower pad (0.5 acre)
Communications tower pad (0.5 acre) Communications tower pad (0.5 acre) GMT-2 staging pad (5.9 acres)
Kuparuk CPF2 pad expansion (1.0 acre) Kuparuk CPF2 pad expansion (1.0 acre) Kuparuk CPF2 pad expansion (1.0 acre)
Alpine CD1 pad expansion (1.3 acres)
Single-season ice pads Used during construction at the gravel mine |Used during construction at the gravel mine site, |Used during construction at the gravel mine site,
site, bridge crossings, the Colville River bridge crossings, the Colville River HDD bridge crossings, the Colville River HDD crossing,
HDD crossing, and other locations as needed | crossing, and other locations as needed in the and other locations as needed in the Project area
in the Project area (936.6 total acres) Project area (1,166.4 total acres) (1,241.4 total acres)

Multi-season ice pads Three 10.0-acre pads (30.0 acres total): Three 10.0-acre pads (30.0 acres total): Three 10.0-acre pads (30.0 acres total):

10.0-acre multi-season ice pad near GMT-2 | 10.0-acre multi-season ice pad near GMT-2 10.0-acre multi-season ice pad at GMT-2 (Q1
(Q1 2021 to Q2 2025) (Q1 2021 to Q2 2025) 2021 to Q2 2025)

10.0-acre multi-season ice pad near WOC 10.0-acre multi-season ice pad near the South 10.0-acre multi-season ice pad at the WOC (Q1
(Q1 2021 to Q2 2022) WOC (Q1 2021 to Q2 2022) 2021 to Q2 2022)

10.0-acre multi-season ice pad at the 10.0-acre multi-season ice pad at the 10.0-acre multi-season ice pad at Tipmiagsiugvik
Tigmiagsiugvik Gravel Mine Site (Q1 Tinmiagsiugvik Gravel Mine Site (Q1 2021 Gravel Mine Site (Q1 2021 to Q2 2023)
2021 to Q2 2023) to Q2 2023)
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Project Component

Alternative B — Proponent’s Project

Alternative C — Disconnected Infield Roads

Alternative D — Disconnected Access

to WPF); includes Colville River HDD
crossing

34.4-mile diesel pipeline (Kuparuk CPF2 to
Alpine CD1); includes Colville River
HDD crossing

2.8-mile fuel gas pipeline (WOC to WPF)

4.9-mile freshwater pipeline (CFWR to WPF
to WOC)

2.8-mile treated water pipeline (WOC to
WPF)

to WPF; includes Colville River HDD crossing
82.0-mile diesel pipeline from Kuparuk CPF2 to
South WOC to WPF to North WOC
1.7-mile fuel gas pipeline (WPF to South WOC)
5.6-mile freshwater pipeline (CFWR to WPF to
South WOC)
12.9-mile treated water pipeline (South WOC to
WPF to North WOC)

Infield pipelines 43.4 total segment miles: 47.0 total segment miles: 46.5 total segment miles:
BT1 to WPF (4.3 miles) BT1 to WPF (6.0 miles) BT1 to WPF (10.0 miles)
BT2 to BT1 (4.7 miles) BT2 to BT1 (4.5 miles) BT2 to BT1 (4.7 miles)
BT3 to WPF (4.2 miles) BT3 to WPF (5.9 miles) BT4 to BT2 (10.2 miles)
BT4 to BT2 (10.2 miles) BT4 to BT2 (9.9 miles) BTS5 to WPF (6.5 miles)
BTS5 to WPF (9.8 miles) BTS5 to WPF (11.5 miles) GMT-2 to WPF (15.1 miles)
GMT-2 to WPF (10.2 miles) GMT-2 to WPF (9.2 miles)
Willow export pipeline 33.3 total miles (WPF to tie-in pad near 32.2 total miles (WPF to tie-in pad near Alpine |38.2 total miles (WPF to tie-in pad near Alpine
Alpine CD4N) CDA4N) CDA4N)
Other pipelines 64.3-mile seawater pipeline (Kuparuk CPF2 |63.3-mile seawater pipeline from Kuparuk CPF2 |69.2-mile seawater pipeline from Kuparuk CPF2 to

WPF; includes Colville River HDD crossing
77.0-mile diesel pipeline from Kuparuk CPF2 to
Alpine CD1 to WOC; includes Colville River
HDD crossing
1.5-mile fuel gas pipeline (WPF to WOC)
2.2-mile freshwater pipeline (CFWR to WOC to
WPF)
1.5-mile treated water pipeline (WOC to WPF)

Total miles of pipeline
alignment without a
parallel road (i.e., greater
than 1,000 feet of

40.7

45.5

479

separation)

VSMs Approximately 13,000 total VSMs with a Approximately 13,000 total VSMs with a 0.8- | Approximately 13,700 total VSMs with a 0.9-acre
0.8-acre disturbance footprint acre disturbance footprint disturbance footprint

Pipeline VSMs below 0 10 at Judy (Iqalligpik) Creek 0

ordinary high water

(number)

Gravel roads

37.0 miles (260.2 total acres, including
vehicle turnouts) total connecting drill sites
to the WPF, WOC, airstrip access road,
water source access roads, and GMT-2

Eight vehicle turnouts with
subsistence/tundra access ramps (3.0 acres
total)

35.3 miles (243.2 total acres, including vehicle
turnouts) total connecting:

BTS5, BT3, CFWR, South Airstrip access road,
and South WOC to the WPF; and WPF to
GMT-2

BT1, BT2, and BT4, water source access road,
North Airstrip access road, and the North
WOC

Eight vehicle turnouts with subsistence/tundra
access ramps (3.0 acres total)

27.1 miles (188.9 total acres, including vehicle
turnouts) total connecting four drill sites to
BT3/WPF, WOC, airstrip access road, and water
source access roads; there would be no gravel
road connection to GMT-2

Six vehicle turnouts with subsistence/tundra access
ramps (2.2 acres total)

Bridges

Seven total bridges: Judy (Iqalligpik) Creek,
Judy (Kayyaaq) Creek, Fish (Uvlutuuq)
Creek, Willow Creek 2, Willow Creek 4,
Willow Creek 4A, and Willow Creek 8

Six total bridges: Judy (Kayyaaq) Creek, Fish
(Uvlutuuq) Creek, Willow Creek 2, Willow
Creek 4, Willow Creek 4A, Willow Creek 8

Six total bridges: Judy (Iqalligpik) Creek, Judy
(Kayyaaq) Creek, Fish (Uvlutuuq) Creek, Willow
Creek 4, Willow Creek 4A, and Willow Creek 8
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Project Component

Alternative B — Proponent’s Project

Alternative C — Disconnected Infield Roads

Alternative D — Disconnected Access

(number)

Bridge piles below 36 total: 20 total: 36 total:

ordinary high water 16 at Judy (Iqalligpik) Creek 4 at Judy (Kayyaaq) Creek 16 at Judy (Iqgalligpik) Creek

(number) 4 at Judy (Kayyaaq) Creek 16 at Fish (Uvlutuuq) Creek 4 at Judy (Kayyaaq) Creek
16 at Fish (Uvlutuuq) Creek 16 at Fish (Uvlutuuq) Creek

Culverts or culvert 11 10 8

batteries (number)

Cross-drainage culverts ~ |195 186 143

total acres) over nine construction seasons
(2021 through 2029)

acres)
574.5 miles (4,090.3 acres) over nine
construction seasons (2021 through 2029)
3.6 miles (15.3 acres) of annual resupply ice
road (2030 to 2050; 75.6 total miles; 321.3
total acres)

Airstrip 6,200 x 200—foot airstrip and apron (42.1 Two airstrips (87.6 acres total): 6,200 x 200—foot airstrip and apron (44.7 acres
acres total); would require airstrip access North Airstrip: 6,200 x 200—foot airstrip and total); would require an airstrip access road
road apron (43.8 acres total); would also require an
airstrip access road
South Airstrip: 6,200 x 200—foot airstrip and
apron (43.8 acres total); would require an
airstrip access road
Boat ramps Three boat ramps (5.9 acres total): 1.8 acres at Ublutuoch (Tinmiaqsiugvik) River | 1.8 acres at Ublutuoch (Tigmiagsiugvik) River
1.8 acres at Ublutuoch (Tigmiagsiugvik)
River
2.0 acres at Judy (Iqalligpik) Creek
2.1 acres at Fish (Uvlutuuq) Creek
Oliktok Dock Modifications to the existing dock include | Modifications to the existing dock include Modifications to the existing dock include adding
modifications adding structural components and a gravel | adding structural components and a gravel structural components and a gravel ramp within
ramp within the existing developed ramp within the existing developed footprint the existing developed footprint
footprint 2.5 acres of screeding at Oliktok Dock 2.5 acres of screeding at Oliktok Dock
2.5 acres of screeding at Oliktok Dock 9.6 acres of screeding at the barge lightering area | 9.6 acres of screeding at the barge lightering area
9.6 acres of screeding at the barge lightering
area
Ice roads Approximately 495.2 total miles (3,590.7 Approximately 650.1 total miles (4,411.6 total | Approximately 962.4 total miles (5,893.4 total

acres)
699.9 miles (4,780.4 acres) over 10 construction
seasons (2021 to 2030)
12.5 miles (55.7 acres) of annual resupply ice
road (2030 to 2051; 262.5 total miles; 1,113.0
total acres)

Total footprint and gravel
fill volume®

454.1-acre gravel footprint using 4.9 million
cy of gravel fill and 25,000 cy of native fill

149.7-acre gravel mine site excavation

16.3-acre excavation at the CFWR

12.1-acre screeding area

507.6-acre gravel footprint using 5.8 million cy
of gravel fill and 25,000 cy of native fill

149.7-acre gravel mine site excavation

16.3-acre excavation at the CFWR

12.1-acre screeding area

444 3-acre gravel footprint using 5.9 million cy of
gravel fill and 25,000 cy of native fill

149.7-acre gravel mine site excavation

16.3-acre excavation at the CFWR

12.1-acre screeding area

Gravel source

Two mine site cells (149.7 total acres) in
Tigmiagsiugvik area (Mine Site Area |
would be 109.3 acres and Mine Site Area 2
would be 40.4 acres)

Two mine site cells (149.7 total acres) in
Tipmiagsiugvik area (Mine Site Area 1 would be
109.3 acres and Mine Site Area 2 would be 40.4
acres)

Two mine site cells (149.7 total acres) in
Tipmiagsiugvik area (Mine Site Area 1 would be
109.3 acres and Mine Site Area 2 would be 40.4
acres)

Total freshwater use

1,662.4 MG over the life of the Project (30
years)

1,914.3 MG over the life of the Project (30
years)

2,286.3 MG over the life of the Project (31 years)
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Project Component

Alternative B — Proponent’s Project

Alternative C — Disconnected Infield Roads

Alternative D — Disconnected Access

Ground traffic (number of
trips)>*

3,188,910

4,212,510

4,376,890

Fixed-wing air traffic®

12,101 total flights
Willow: 11,809

19,574 total flights
South Willow: 13,201

19,038 total flights
Willow: 15,387

trips)>f

Sealift barges: 24
Tugboats: 37
Support vessels: 258

Sealift barges: 24
Tugboats: 37
Support vessels: 258

Alpine: 292 North Willow: 6,081 Alpine: 3,651
Alpine: 292
Helicopter air traffic®® 2,421 total flights 2,910 total flights 2,503 total flights
Willow: 2,321 South Willow: 2,421 Willow: 2,403
Alpine: 100 North Willow: 357 Alpine: 100
Alpine: 132
Marine traffic (number of |319 total trips 319 total trips 319 total trips

Sealift barges: 24
Tugboats: 37
Support vessels: 258

Project duration

30 years (9 years of construction)

30 years (9 years of construction)

31 years (10 years of construction)

Infrastructure in special
areas

Colville River Special Area: 1.0 mile (8.1
acres) of gravel road; 1.4 miles of pipeline

Teshekpuk Lake Special Area: 10.8 miles of
gravel road and gravel pads (106.3 acres
total); 11.4 miles of pipeline

Colville River Special Area: 1.0 mile (8.1 acres)

of gravel road; 1.4 miles of pipeline

Teshekpuk Lake Special Area: 12.5 miles of
gravel road and gravel pads (179.7 acres
total); 12.2 miles of pipeline

Colville River Special Area: 0.5 acre of gravel
infrastructure; 1.4 miles of pipeline

Teshekpuk Lake Special Area: 11.1 miles of gravel
road and gravel pads (108.4 acres total); 11.4
miles of pipeline

Fish-bearing waterbody
setback overlap (LS E-2)

56.0 acres of gravel footprint, 5.5 miles of
gravel road, and 5.5 miles of pipelines
23.1 acres of gravel mine site

Less than 50.1 acres of gravel footprint, 4.0
miles of gravel road, and 4.0 miles of
pipelines

23.1 acres of gravel mine site

Less than 37.2 acres of gravel footprint, 4.2 miles
of gravel road, and 4.2 miles of pipelines
23.1 acres of gravel mine site

Less than 500-foot
pipeline-road separation

15.7 miles of pipelines and road with less
than 500 feet of separation

17.1 miles of pipelines and road with less than
500 feet of separation

17.9 miles of pipelines and roads with less than 500
feet of separation

Fish (Uvlutuuq) Creek: 12.3 acres of gravel
infrastructure and 5.5 miles of pipelines

Judy (Iqalligpik) Creek: 18.7 acres of gravel
infrastructure and 2.3 miles of pipelines

Ublutuoch (Tigmiagsiugvik) River: 0.0 acres
of gravel infrastructure and 0.0 mile of
pipelines; 137.8 acres of gravel mine site

Fish (Uvlutuuq) Creek: 12.9 acres of gravel
infrastructure and 5.4 miles of pipelines

Judy (Iqalligpik) Creek: 1.1 acres of gravel
infrastructure and 2.3 miles of pipelines

Ublutuoch (Tigmiagsiugvik) River: 0.0 acre of
gravel infrastructure and 0.0 miles of
pipelines; 137.8 acres of gravel mine site

(BMP E-7)

Yellow-billed loon 60.0 acres of gravel infrastructure and 7.7 41.2 acres of gravel infrastructure and 7.7 miles |58.0 acres of gravel infrastructure and 7.7 miles of

setback overlap (BMP E- miles of pipelines within 1 mile of a nest of pipelines within 1 mile of a nest pipelines within 1 mile of a nest

11) 25.8 acres of gravel infrastructure and 3.3 13.5 acres of gravel infrastructure and 3.3 miles |15.3 acres of gravel infrastructure and 3.3 miles of
miles of pipelines within 1,625 feet of of pipelines within 1,625 feet of lakes with pipelines within 1,625 feet of lakes with nests
lakes with nests nests

River setback overlap Colville River: 0.0 acres of gravel Colville River: 0.0 acres of gravel infrastructure |Colville River: 0.0 acres of gravel infrastructure

(BMP K-1) infrastructure and 0.0 miles of pipelines and 0.0 miles of pipelines and 0.0 miles of pipelines

Fish (Uvlutuuq) Creek: 12.6 acres of gravel
infrastructure and 5.4 miles of pipelines

Judy (Iqalligpik) Creek: 16.7 acres of gravel
infrastructure and 2.3 miles of pipelines

Ublutuoch (Tigmiagsiugvik) River: 0.0 acre of
gravel infrastructure and 0.0 mile of pipelines;
137.8 acres of gravel mine site
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Alternative C — Disconnected Infield Roads  Alternative D — Disconnected Access

3.2 acres of gravel infrastructure and 0.0 mile of |3.2 acres of gravel infrastructure and 1.5 mile of
pipelines; 14.5 acres of the constructed pipelines; 14.5 acres of the constructed freshwater
freshwater reservoir would be within the setback |reservoir would be within the setback and 1.4 acres
and 1.4 acres of the reservoir connection would |of the reservoir connection would be within the

be within the lake lake

Project Component
Deepwater lake setback
overlap (BMP K-2)

Alternative B — Proponent’s Project
3.2 acres of gravel infrastructure and 0.0
mile of pipelines; 14.5 acres of the
constructed freshwater reservoir would be
within the setback and 1.4 acres of the
reservoir connection would be within the

lake

Note: BMP (best management practice); BT1 (Bear Tooth drill site 1); BT2 (Bear Tooth drill site 2); BT3 (Bear Tooth drill site 3); BT4 (Bear Tooth drill site 4); BTS (Bear Tooth drill site 5); CD1 (Alpine CD1);

CDA4N (Alpine CD4N); CFWR (constructed freshwater reservoir); GMT-2 (Greater Mooses Tooth 2); HDD (horizontal directional drilling); LS (lease stipulation); MG (million gallons); MTI (module transfer island);
Q1 (first quarter); Q2 (second quarter); VSM (vertical support member); WPF (Willow Processing Facility); WOC (Willow Operations Center). Ground trips are defined as one-way; a single flight is defined as a

landing and subsequent takeoff; and a single vessel trip is defined as a docking and subsequent departure.
* Values may not sum to totals due to rounding.
® Total traffic is for the life of the Project (Alternative B and C, 30 years; Alternative D, 31 years) and does not include any reclamation activity.
¢ Number of trips includes buses, light commercial trucks, short-haul trucks, passenger trucks, and other miscellaneous vehicles. Construction ground traffic also includes gravel hauling (e.g., B-70/Maxi Haul dump

trucks).

4 Flights outlined are additional flights required beyond projected travel to/from non-Project airports (e.g., Anchorage, Fairbanks, Deadhorse); includes C-130, Twin Otter/CASA, Cessna, and DC-6 or similar aircraft.
¢ Typical helicopters include A-Star and 206 Long Ranger models, although other similar types of helicopters may be used. Includes support for ice road construction, pre-staged boom deployment, hydrology and
other environmental studies, and agency inspection during all phases of the Project

fIncludes crew bats, tugboats supporting sealift barges, screeding barges, and other support vessels.

Table 2.7.2. Summary Comparison of Module Delivery Options

Component

Option 1: Atigaru Point

Option 2: Point Lonely

Option 3: Colville River Crossing

Gravel footprint (acres)

Module Transfer Island
12.8

Module Transfer Island
13.0

5.0

Gravel fill volume (cubic yards)

397,000

446,000

118,700

Screeding footprint

14.5 total acres
4.9 acres adjacent to dock face
9.6 acres at the barge lightering area

14.5 total acres
4.9 acres adjacent to dock face
9.6 acres at the barge lightering area

No additional screeding needed beyond
activity for action alternatives described in
Section 2.5.3.4, Sealift Barge Delivery to
Oliktok Dock

Ice roads

110.8 total miles (795.0 total acres)
Gravel haul: 35.2 miles on tundra; 2.4 miles
on sea ice
Module delivery: 68.4 total miles on
tundra; 4.8 miles on sea ice over two
module delivery seasons®

225.2 total miles (1,551.9 total acres)
Gravel haul: 77.4 miles on tundra; 0.6 mile
on sea ice
Module delivery: 146.0 total miles on
tundra; 1.2 miles on sea ice over two
module delivery seasons®

80.2 total miles (583.2 total acres)®

Single-season ice pads

118.9 total acres

195.2 total acres

83.4 total acres

Multi-season ice pads

Three 10.0-acre multi-season ice:
One at BT1
One near Atigaru Point
One midway between Atigaru Point and
BT1

Three 10.0-acre multi-season ice pads:
One at BT1
Two along ice road between BT1 and Point
Lonely

NA

Sealift delivery schedule (years)

Alternative B: 2024 and 2026
Alternative C: 2024 and 2026
Alternative D: 2025 and 2027

Alternative B: 2024 and 2026
Alternative C: 2024 and 2026
Alternative D: 2025 and 2027

Alternative B: 2024 and 2026
Alternative C: 2024 and 2026
Alternative D: 2025 and 2027

Module mobilization (years)

Alternative B: 2025 and 2027
Alternative C: 2025 and 2027
Alternative D: 2026 and 2028

Alternative B: 2025 and 2027
Alternative C: 2025 and 2027
Alternative D: 2026 and 2028

Alternative B: 2025 and 2027
Alternative C: 2025 and 2027
Alternative D: 2026 and 2028

Total freshwater usage (MG)

307.9°

572.0°

257.2°

Total seawater usage (MG)

376.0

185.0

8.0
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Component

Option 1: Atigaru Point

Option 2: Point Lonely

Option 3: Colville River Crossing

Module Transfer Island

Module Transfer Island

Sealift barges: 9
Tugboats: 16
Support vessels: 259

Ground traffic (number of trips)* 2,306,110 3,196,450 535,160
Fixed-wing traffic (number of 326 total flights 326 total flights 70 total flights
trips)? Willow: 205 Willow: 205 Alpine: 28
Alpine: 25 Alpine: 25 Kuparuk: 42
Atigaru: 96 Point Lonely: 96
Helicopter traffic (number of 450 total flights 450 total flights 16 total flights to/from Alpine
trips)® Willow: 435 Willow: 435
Alpine: 15 Alpine: 15
Marine traffic (number of trips)’ {284 total trips 284 total trips 85 total trips

Sealift barges: 9
Tugboats: 16
Support vessels: 259

Sealift barges: 9
Tugboats: 16
Support vessels: 60

Construction camps (100-person
capacity)

Camp for winter ice road construction (each
ice road year) on a multi-season ice pad

Camp for module off-load and transport on a
multi-season ice pad at Atigaru Point

Camp for summer construction and module
receipt would be located on a barge (i.c.,
Floatel) at the module transfer island

Camp for winter ice road construction (each
ice road year) on the existing gravel pad

Camp for module off-load and transport at
Point Lonely on the existing gravel pad

Camp for summer construction and module
receipt at Point Lonely on the existing
gravel pad

Camp for winter ice road construction (each
ice road year) on a single-season ice pad

Note: BT1 (Bear Tooth drill site 1); MG (million gallons); NA (not applicable). Traffic trips are defined as one-way; a single flight is defined as a landing and subsequent takeoff; and a single vessel trip is defined as a

docking and subsequent departure.

* Alternative D would require an additional 2.7 miles of 60-foot-wide heavy-haul ice road to reach the Willow Processing Facility gravel pad for each year of module mobilization. This additional ice road would
require an additional 6.7 MG of freshwater for each year of module mobilization (13.4 MG of freshwater).
® Alternative D would require an additional 13.1-mile-long, 60-foot-wide heavy-haul ice road for module transport between the Project area and Greater Mooses Tooth 2. This ice road would require an additional 32.7
MG of freshwater for each year of module mobilization (65.4 MG of total additional freshwater).
¢ Includes buses, light commercial trucks, short-haul trucks, passenger trucks, and other miscellaneous vehicles. Ground transportation also includes gravel hauling operations (i.e., B-70/Maxi Haul dump trucks) and

module delivery (i.e., self-propelled module transporters).

4 Flights outlined are additional flights required beyond projected travel to/from non-Project airports (e.g., Anchorage, Fairbanks, Deadhorse) and include flights to the Alpine and Willow airstrips. Fixed-wing aircraft
includes C-130, DC-6, Twin Otter/CASA, Cessna, or similar.

¢ Includes support for ice road construction, pre-staged boom deployment, hydrology and other environmental studies, and agency inspection during all phases of the Project. Typical helicopters include A-Star and 206
Long Ranger models, although other similar types of helicopters may be used.

fIncludes crew boats, tugboats supporting sealift barges, and other support vessels.
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3.0 AFFECTED ENVIRONMENT AND ENVIRONMENTAL
CONSEQUENCES

3.1 Introduction and Analysis Methods

This chapter describes the existing condition of resources and uses in the Project area and the effects of the
Project on those resources and uses. The chapter was developed using the best available data for each resource,
which was gathered from a variety of sources.

The scope of the impact analysis is commensurate with the level of detail of the actions presented in Chapter 2.0,
Alternatives, the importance of particular resources and uses and their potential to experience significant impacts,
and the availability or quality of data necessary to assess impacts. All figures referred to in the analysis are in
Appendix A, Figures. The analysis area for each resource is described at the beginning of each resource section;
this is the area in which direct, indirect, or cumulative effects to the resource could occur. Analysis areas differ by
resource because the geographic extent of effects varies by resource.

Some readers may better recognize locations, and common plant and animal names by their Ifiupiaq or scientific
names. These are provided in Appendix E.1 (Inupiag and Scientific Names Technical Appendix) and are not
described in the resource sections.

3.1.1 Past and Present Actions

Past and present actions in each resource’s analysis area are included as part of the existing conditions of the
affected environment for all resources analyzed in Chapter 3.0. West of the Colville River, these actions include
existing oil and gas infrastructure (e.g., gravel and ice roads, pipelines, processing facilities) in the Alpine and
GMT oil fields (Figure 3.1.1), which are regularly serviced by aircraft. East of the Colville River, the Kuparuk oil
field includes similar but more extensive development, with existing mine sites, airstrips, reservoirs, a dock
(Oliktok Dock), and a seawater treatment facility. The Kuparuk oil field experiences more ground and air traffic
than the developments west of the Colville River; ground traffic also travels at higher speeds. In addition to
Kuparuk, several smaller oil and gas developments occur: Nuna, Oooguruk, and Mustang (Figure 3.1.1).

There are several former (decommissioned) U.S. Department of Defense sites with gravel pads, roads, or airstrips
near the Beaufort Sea coast. There is no existing marine infrastructure at Atigaru Point or Point Lonely. There is
existing marine infrastructure at Oliktok Point and at Oooguruk Island, including a pipeline to the 6-acre
constructed gravel island. The shoreline around Oliktok Point has been armored or altered with sheet pile and
other revetment (e.g., gravel bags).

The community of Nuigsut (approximately 347 people, described in Section 3.16, Subsistence and Sociocultural
Systems) would be approximately 27 miles from BT1 and about 7 miles from the Tinmiaqgsiugvik Mine Site. The
community has an airstrip, roads, a power plant, and other infrastructure. Seasonal snow trails and roads occur
across the North Slope for community access (NSB 2018b).

Other past and present actions in the Project area are subsistence and research (not associated with oil and gas
activities), which contribute additional vehicle, boat, air, foot, and off-road vehicle traffic.

Climate change is occurring across the North Slope and is part of the existing condition of the affected
environment for all resources analyzed in Chapter 3.0. Observed and projected climate change trends are
described in detail in Section 3.2, Climate and Climate Change, and considered for all resources analyzed in the
EIS.

RFFAs in the Project area are described in Section 3.19, Cumulative Effects.

3.1.2 Analysis Methods
Potential impacts are described in terms of type, context, duration, and intensity. Quantitative data are used to
provide additional detail where possible and appropriate and the geographic extent of impacts is described.

The environmental analysis considers existing LSs and BMPs described in the 2013 NPR-A IAP/EIS ROD (BLM
2013a). BLM is currently revising the NPR-A IAP (BLM 2020a), including potential changes to required BMPs
(described as ROPs in BLM [2020a]). Updated BMPs adopted in the new NPR-A IAP will replace existing (BLM
2013a) BMPs; however, applicable LSs would not change because LSs are fixed at the time of the lease issuance.
The terms BMPs and ROPs are used interchangeably throughout the EIS. All projects are subject to the
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BMPs/ROPs that are in place at the time the permit for development is issued. (The reader is referred to Section
2.2.7, Lease Stipulations, Required Operating Procedures, and Lease Notices, of the 2020 IAP/EIS for further
discussion on this topic.) The Willow MDP ROD will detail which of the measures will be implemented for the
Project. Existing BMPs that relate to each resource are listed in the resource sections in Chapter 3.0, as is a
summary of new or proposed substantial changes to existing NPR-A IAP BMPs that would help mitigate impacts
to resources. Where 2020 IAP changes to requirements are mentioned in the tables throughout the resource
sections below, they apply to the measure as a BMP/ROP because the LSs are fixed at the time of lease issuance.
In other words, some requirements may apply as either a LS or BMP/ROP. If the activity is based on lease rights
the LS governs and cannot be superseded by a BMP/ROP; otherwise the requirement in the tables would apply as
a BMP/ROP along with any relevant changes to it in the 2020 IAP. Deviations to existing or proposed BMPs that
would be required for the Project are detailed in Appendix D.1, Alternatives Development, and discussed in the
relevant resource sections in Chapter 3.0. Additional suggested BMPs or mitigation measures to further avoid,
reduce, or compensate for impacts from the Project are discussed in the relevant resource sections in Chapter 3.0
and are summarized in Table 1.1.3 in Appendix 1.1, Avoidance, Minimization, and Mitigation. The proponent’s
design features to avoid and minimize impacts are also detailed in Table I.1.2 in Appendix 1.1 and considered in
the Chapter 3.0 analysis.

The likelihood and types of spills that could occur from the Project are detailed in Chapter 4.0, Spill Risk
Assessment. The effects of these potential spills on resources and uses are described in the resource sections in
Chapter 3.0.

3.1.3 Traditional Knowledge

Traditional knowledge was considered during the EIS preparation. A review of available traditional knowledge
relevant to the NPR-A is provided in Appendix J, Traditional Knowledge. The review is based on 80 sources that
had been documented in the six North Slope communities of Anaktuvuk Pass, Atqasuk, Nuigsut, Point Lay,
Utqiagvik (Barrow), and Wainwright since 1976. The focus was on traditional knowledge applicable to the nature
of development and relevant to impacts and mitigation associated with the IAP or that contained traditional
knowledge about the environment in and around the NPR-A. Local observations and information from residents
provided their physical, biological, and social environment experiences.

3.2 Climate and Climate Change

The analysis area for climate change is the Arctic, with a focus on the North Slope of Alaska. However, climate
change occurs on a global scale; hence, the spatial extent of potential impacts is global. The temporal scale for
analysis may extend from decades to an indefinite time period. This analysis examines the potential effects of the
Project on climate change and the effects of climate change on the Project.

3.2.1 Affected Environment

Climate change is a global phenomenon caused by the release of greenhouse gases (GHGs) into the atmosphere.
The effects of climate change in the analysis area are evident currently. Climate in the analysis area is described in
Section 3.2.3.1, Climate and Meteorology of BLM (2018a, 61) and Section 3.5.5.1, Meteorology and Climate of
USACE (2018, 3-84). Climate change is “a change in the state of the climate that can be identified ... by changes
in the mean and/or the variability of its properties, and that persists for an extended period, typically decades or
longer” (IPCC 2014). Natural internal processes, such as solar cycles or volcanic eruptions, or external forcing,
such as persistent anthropogenic changes in the composition of the atmosphere or land use, can lead to climate
change. GHGs warm the atmosphere by absorbing infrared radiation emitted from the Earth’s surface. Major
GHGs from oil and gas development include carbon dioxide (CO»), nitrous oxide (N2O), and methane (CHs).
GHG emissions are reported in units of carbon dioxide equivalent (CO.e¢) to account for the varying global
warming potential (GWP) of pollutants. More information on GWP is provided in Appendix E.2A, Climate and
Climate Change Technical Appendix. GHGs are produced both naturally (e.g., volcanoes) and through
anthropogenic activities (e.g., burning of fossil fuels). Anthropogenic emissions have driven atmospheric
concentrations of GHGs to levels unprecedented in the last 800,000 years (IPCC 2014). Black carbon, a
byproduct of incomplete combustion, affects climate directly by absorbing and scattering solar radiation and
indirectly by altering cloud properties (AMAP 2015; Xu, Martin et al. 2017). When black carbon settles on top of
snow or ice, it decreases the albedo (i.e., reflectivity) of the surface, causing increased melting and warming. In
cloud droplets, black carbon decreases the cloud albedo, which heats and dissipates the clouds. There is
considerable uncertainty regarding the effect of black carbon on climate, as black carbon can warm or cool the
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atmosphere, but the net effect is believed to be one of warming at +1.1 Watts per square meter (Bond, Doherty et
al. 2013).

3.2.1.1 Observed Climate Trends and Impacts in the Arctic and on the North Slope

Impacts related to a warming climate that are observed globally and nationally are amplified in the Arctic. Over
the past 60 years, average annual air temperatures in the region have increased by 3 degrees Fahrenheit (F), and
average winter temperatures have increased 6 degrees F (Melillo, Richmond et al. 2014). Snow cover extent in
2017 was the lowest on record for April and May in the North American Arctic (Derksen, Brown et al. 2017). The
decreased extent and duration of snow cover leads to more of the sun’s energy being absorbed by the dark land
surface, and warmer surfaces lead to additional reduced snow cover (Melillo, Richmond et al. 2014). Winter
maximum sea ice extent in 2017 was the lowest on record (Richter-Menge, Overland et al. 2017). Summertime
sea ice has been decreasing throughout the twenty-first century, with a total loss of summertime sea ice expected
by 2050 or earlier (Gunsch, Kirpes et al. 2017; Kolesar, Cellini et al. 2017).

Rising temperatures result in permafrost thawing, which releases CO, and CHys into the atmosphere, accelerating
climate feedback effects (Markon, Trainor et al. 2012). A recent study (Voigt, Marushchak et al. 2017) suggests
that thawing permafrost could also lead to the release of large amounts of N,O. Warmer temperatures combined
with reduced ice cover has led to greening of the tundra and increases in soil moisture and the amount of snow
water available. This has led to an increase in active layer depth and changes in herbivore activity patterns
(Clement, Bengtson et al. 2013; Epstein, Bhatt et al. 2017). Measurements by the U.S. Geological Survey (USGS)
climate and permafrost observing network show that near-surface permafrost has warmed by 3 to 4 degrees
Celsius (C) since the 1980s, and the warming is ongoing (Urban and Clow 2016). Air temperatures across the
Arctic Slope have been warming by approximately 1 degree C per decade during summer/autumn. Active layer
temperatures are warming by about 1 degree C (1.8 degrees F) per decade during all seasons, and the active layer
is refreezing approximately 2 to 3 weeks later in autumn (from mid-November in 1998 to late December in 2017).
Annual average temperatures on the North Slope would be -11.2 degrees F to -9.0 degrees F by 2019, 2.3 degrees
F higher than the annual average from 1961 to 1990 (SNAP 2018). The North Slope has shown substantial
increases in tundra greenness from 1982 to 2016 (Richter-Menge, Overland et al. 2017). Long-term permafrost
temperature monitoring shows a warming trend over the past 25 years, with the greatest warming near the Arctic
coast. Soil temperatures increased 3 degrees F to 5 degrees F between 1985 and 2004 (USFWS 2015b).
Permafrost observational sites had record high temperatures at 20 meters (m) (65 feet) depth in 2016 on the North
Slope. As in the wider Arctic region, the snow and ice albedo feedback from black carbon is magnified on the
North Slope. Black carbon on the North Slope can arise due to a variety of sources, including international
transport (Matsui, Kondo et al. 2011; Stohl 2006; Xu, Martin et al. 2017), shipping (Corbett, Lack et al. 2010;
Lack and Corbett 2012), oil and gas exploration and production (Ault, Williams et al. 2011), and residential
combustion (Stohl, Klimont et al. 2013).

3.2.1.2 Projected Climate Trends and Impacts in the Arctic and on the North Slope

The warming in Alaska is projected to continue, with average annual air temperatures increasing 2 degrees F to 4
degrees F between 2021 and 2050 (Melillo, Richmond et al. 2014). Temperatures on the North Slope would be
expected to increase by 10 degrees F to 12 degrees F by the end of the century if global emissions continue to
increase. Annual precipitation in Alaska is also projected to increase, with 15% to 30% more precipitation by late
this century, if global GHG emissions continue to increase (Melillo, Richmond et al. 2014). However, based on
historical data, precipitation may be more variable on the North Slope. Although the statewide average
precipitation in Alaska between 1949 and 2005 increased by 10%, precipitation in Utgiagvik decreased by 36%
from 1949 to 1998 (Markon, Trainor et al. 2012). Snow cover duration in Alaska is expected to decrease due to
earlier snowmelt and later first snowfall dates (Markon, Trainor et al. 2012). Correspondingly, increases to the
Alaskan growing season are also projected to continue (Melillo, Richmond et al. 2014). This change will reduce
water storage and increase the risk and extent of wildland fires and insect outbreaks in the region. Warmer
temperatures, wetland drying, and a growing number of summer thunderstorms have also increased the number of
wildland fires in Alaska. The annual area burned is projected to double by midcentury, releasing more carbon to
the atmosphere (Melillo, Richmond et al. 2014). Warmer temperatures will lead to a deeper active layer, which
would affect plant communities (BLM 2014). Permafrost thawing could lead to thermokarsting or slumping,
causing more nutrient loading and suspended sediment in lakes and rivers. Warmer temperatures may lead to an
increase in the frequency of lake-tapping events (sudden drainage) as degrading ice wedges integrate into
drainage channels at a lower elevation.
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3.2.1.3 Trends in U.S. and Alaska Greenhouse Gas Emissions

The Intergovernmental Panel on Climate Change (IPCC) Special Report Global Warming of 1.5°C (2018)
estimates with high confidence that in order to limit global warming to 1.5 degrees C, global GHG emissions in
2030 would need to be 40% to 50% lower than 2010 emissions. Based on the IPCC (2018) findings, the United
Nations Environment Programme Emissions Gap Report (2019) estimates global GHG emissions in 2030 would
need to be 55% lower than 2018 to limit global warming to 1.5 degrees C. GHG emissions in the U.S. are tracked
by the EPA and documented in the Inventory of U.S. Greenhouse Gases and Sinks: 1990-2017 (EPA 2019b). The
Willow MDP EIS reports GHG emissions for Alaska and the U.S. to provide context for Project-level direct and
indirect GHG emissions and to support a qualitative analysis of impacts.

In 2017, 6,457 million metric tons (MMT) of CO,e were emitted in the U.S. This was a 1.3% increase in
emissions from 1990 levels, down from the 15.7% increase observed in 2007. The major economic sectors
contributing to GHG emissions in the U.S. in 2017 were transportation (29%), electricity generation (28%),
industry (22%), and agriculture (9%) (EPA 2019b). Emissions of CO» accounted for 82% of all GHG emissions in
the U.S. in 2017. As the largest source of U.S. GHG emissions, CO, emissions from fossil fuel combustion has
accounted for approximately 77% of GHG emissions since 1990. From 1990 to 2017, CO, emissions from fossil
fuel combustion increased by 3.7%, and in 2016, the U.S. accounted for 15% of global fossil fuel emissions (EPA
2019b).

In 2015, approximately 40 MMT CO-e were emitted in Alaska, which was a decrease of approximately 8% from
1990 levels and an approximately 23% decrease from the peak emissions observed in 2005 (ADEC 2018b). The
industrial sector, including oil and gas industries, is the major contributor to GHG emissions in Alaska. This is
followed by the transportation, residential and commercial, and electrical generation sectors (ADEC 2018b).
When considering just CO, emissions, Alaska was the 11th lowest state in the U.S. in terms of total energy-
related GHG emissions in 2015, and the 4th highest in terms of per capita emissions (USEIA 2018). GHG
emissions in Alaska represent less than 0.7% of the total U.S. GHG inventory for 2015, as reported by the EPA
(2019b).

The USGS has estimated GHG emissions and carbon sequestration on federal lands for the 10-year period from
2005 to 2014 (Merrill, Sleeter et al. 2018). GHG emissions (when considering just CO,) associated with the
combustion and extraction of fossil fuels from U.S. federal lands increased from 1,362 MMT COxe in 2005 to
1,429 MMT COse¢ in 2010 and then decreased to 1,279 MMT COse in 2014. CH4 and N,O emissions from federal
lands also decreased over the same 10-year period. Less than 1% of the federal lands’ CO, and CH4 emissions
were associated with fuel produced in Alaska. When the federal lands’ fossil fuel extraction and combustion
emissions are combined with ecosystem emissions and sequestration estimates, the net carbon emissions from
Alaska range from -14.1 MMT COze to -16.8 MMT COse, indicating a net carbon sequestration from Alaska
federal lands.

3.2.2 Environmental Consequences: Effects of the Project on Climate Change

Direct GHG emissions due to the Project were quantified and are reported in Section 3.2.2.3, Alternative B:
Proponent’s Project, and in Appendix E.2A. It is not currently possible to determine the impact of a single project
on global climate change and the EPA has not set specific thresholds for GHG emissions. Current scientific
knowledge cannot associate particular actions with specific climate effects, and a single project of this size cannot
significantly impact global GHG emissions; however, all projects may cumulatively have a significant impact on
global climate change. See Appendix E.2A for a description of the method used to estimate GHG emissions. The
Social Cost of Carbon, a measure used to assess the economic cost of a project’s or action’s climate change
effects, was not used in the EIS; the reasons for this are detailed in Appendix E.2A, Section 2.4, Social Cost of
Carbon. For this Project, black carbon emissions were not explicitly quantified, but black carbon is a component
of particulate matter less than 2.5 microns in aecrodynamic diameter (PMaz.s) and is included in PM, 5 emissions.
See Appendix E.2A, Section 3.1.2.3, Black Carbon Effects on Climate, for details regarding black carbon’s

effects on climate. Direct and indirect GHG emissions due to the Project are assessed as a proxy for understanding
the potential effects of the Project on climate change. Direct GHG emissions are those generated by construction
and operations of the Project and indirect emissions are those that are generated by transport, refining, and
burning of the produced and sold oil.
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3.2.2.1 Avoidance, Minimization, and Mitigation

3.2.2.1.1 Applicable Lease Stipulations and Best Management Practices

Table 3.2.1 summarizes existing applicable NPR-A IAP BMPs that would apply to Project actions on BLM-
managed lands and are intended to mitigate climate change impacts from development activity (BLM 2013a). The
BMPs would reduce impacts to climate change associated with the construction, drilling, and operation of oil and
gas facilities. BLM is currently revising the NPR-A IAP, including potential changes to required BMPs (described
as ROPs in BLM [2020a]). Updated ROPs adopted in the new NPR-A AP will replace existing (2013a) BMPs.
The Willow MDP ROD will detail which of the measures described below will be implemented for the Project.
Table 3.2.1 also summarizes new ROPs or proposed substantial changes to existing NPR-A IAP BMPs that would
help mitigate climate change impacts. Although many of the LSs (where they are applied as BMPs) and BMPs
have proposed minor language revisions, Table 3.2.1 includes only changes that would be apparent in the
paraphrased table text. Full text of the changes to BMPs is provided in BLM (2020a).

Table 3.2.1. Summary of Applicable Lease Stipulations and Best Management Practices Intended to
Mitigate Impacts to Climate Change
Description or Objective 2013 Requirement Proposed Changes to BMPs per 2020 IAP Revisions

BMP |Prevent unnecessary or undue Air monitoring (preconstruction | Added text: Provide the North Slope Borough, local
A-10 |degradation of the lands and and throughout the life of the communities, and tribes publicly available reports on air
protect health. project), emissions inventory, |quality baseline monitoring, emissions inventories, and
emissions reduction plan, air modeling results developed in conformance with this
quality modeling, additional BMP.

emission control strategies as
necessary, and possibly
mitigation measures

ROP |Reduce air emissions and protect |No similar requirement All permanent camps (and temporary camps where
A-14 |human health feasible under alternative E), are required to provide
vehicle plug-ins for engine warming systems (e.g., block
heaters and oil pan heaters).

Alternative E only: reduce extended vehicle idling when
practical. In the winter, when vehicles are not in use for
extended periods, they should be powered off and
plugged in where plugs are available.
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LS or Description or Objective

2013 Requirement

Proposed Changes to BMPs per 2020 IAP Revisions

and displacement of soils;
minimize the breakage, abrasion,
compaction, or displacement of
vegetation; maintain populations
of, and adequate habitat for,
birds, fish, and caribou; and
minimize impacts to subsistence
activities.

gravel pads and roads during
times other than those identified
in BMP C-2.

BMP |Protect stream banks, minimize |Ground operations shall be — Ground operations would only be allowed when the
C-2  |the compaction of soils, and allowed only when frost and frost and snow cover are at sufficient depth, strength,
minimize the breakage, abrasion, |snow cover are at sufficient density, and structure to protect the tundra. Soils must be
compaction, or displacement of |depths to protect tundra. Low- |frozen to at least 23°F at least 12 inches below the
vegetation. ground-pressure vehicles shall  |lowest surface height (e.g., inter-tussock space). Tundra
be used for on-the-ground travel would be allowed when there is at least 3 to 6
activities off ice roads or pads. |inches of snow (depending on the alternative). For
Bulldozing of tundra mat and  |alternatives B, C, and D: snow depth and snow density
vegetation or trails is prohibited. | must amount to no less than a snow water equivalent of
The location of ice roads shall |3 inches over the highest vegetated surface (e.g., top of
be designed and located to tussock) in the National Petroleum Reserve in Alaska.
minimize the compaction of — Snow survey and soil freeze-down data collected for
soils and the breakage, abrasion, |ice road or snow trail planning and monitoring shall be
compaction, or displacement of |submitted to the BLM.
vegetation. Offsets may be — Clearing or smoothing drifted snow is allowed to the
required to avoid using the same | extent that the tundra mat is not disturbed. Only smooth
route or track in subsequent pipe snow drags would be allowed for smoothing drifted
years. SNOW.
— For alternatives B, C, and D: avoid using the same
routes for multiple trips, unless necessitated by serious
safety or environmental concerns and approved by
BLM. This provision does not apply to hardened snow
trails or ice roads.
— Ice roads would be designed and located to avoid the
most sensitive and easily damaged tundra types, as much
as practicable. For alternatives B, C, and D: ice roads
may not use the same route each year; ice roads would
be offset to avoid portions of an ice road route from the
previous 2 years.
BMP |Protect stream banks and water |BLM may permit low-ground- |Changes do not affect text as described.
L-1 quality; minimize compaction pressure vehicles to travel off of

Source: BLM 2013a, 2020a
Note: F (Fahrenheit); BLM (Bureau of Land Management); BMP (best management practice); IAP (Integrated Activity Plan); LS (lease stipulation); ROP
(required operating procedure).

No deviations to the LSs and BMPs described in Table 3.2.1 would be required.

3.2.2.1.2 Proponent’s Design Measures to Avoid and Minimize Effects

CPATI’s design features to avoid or minimize impacts are listed in Table I.1.2 in Appendix I.1. CPAI’s design
measures related to climate change meet or exceed to federal and state regulations and NPR-A IAP/EIS BMPs
and would help reduce GHG emissions. These measures include capturing and injecting produced gas in a closed
process to enhance oil recovery.

3.2.2.1.3 Additional Suggested Avoidance, Minimization, or Mitigation
No additional BMPs or mitigation measures are recommended.

3.2.2.2 Alternative A: No Action

Under Alternative A (No Action), the Project would not be developed and direct and indirect GHG emissions
from the Project would not occur and hence not contribute to climate change. Current trends in global, U.S., and
Alaska GHG emissions would continue, unaffected by the Project. Energy demand would continue to be satisfied
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by non-Project sources, varying from other oil sources to renewable sources. BOEM report (Appendix E.2B,
Market Substitutions and Greenhouse Gas Downstream Emissions Estimates) presents an estimate of GHG
emissions from these replacement (“displaced substitute”) energy sources using the BOEM Market Simulation
Model (BOEM 2019). These are representative of emissions from substitute energy sources for the Project and are
described in Table 3.2.2 in the discussion on action alternatives.

The absence of the Project itself would not lead directly to emissions. Therefore, for ease of comparison to the
action alternatives, GHG emissions in the No Action Alternative are assigned a baseline value of zero in the EIS,
reflecting the status quo and current GHG emissions trends in the absence of the Project.

3.2.2.3 Alternative B: Proponent’s Project

The direct, indirect, and total GHG emissions over the life of the Project for Alternatives B, C, and D are shown
in Table 3.2.2. These do not include emissions due to the module delivery options; those are reported separately in
Section 3.2.2.6, Module Delivery Options. The calculation of the direct and indirect GHG emissions is
summarized in Appendix E.2A. The gross indirect GHG emissions were calculated using BOEM’s Greenhouse
Gas Lifecycle Model (BOEM 2020; Appendix E.2B) and represent the emissions that would result from the
processing and consumption of Project oil if no market effects were considered. The emissions, in COze,
produced from energy sources, are also shown in Table 3.2.2. These emissions were derived from the displaced
substitutes’ emission values from the Market Simulation Model (BOEM 2019). The assumptions in both BOEM
models are discussed in BOEM (2019), and references are cited therein. The net CO»e change shown in Table
3.2.2 is the difference between the previous columns and reflects the net change in CO.e under each alternative
with respect to the baseline No Action Alternative (Alternative A).

Tables 3.2.2, 3.2.3, and 3.2.4 report GHG emissions in CO-e based on three different sets of GWPs (see Appendix
E.2A for additional information):

* 100-year time horizon GWPs from the IPCC fourth assessment report (AR4) (IPCC 2007)

* 100-year time horizon GWPs from the IPCC fifth assessment report (ARS) (IPCC 2014)

e 20-year time horizon GWPs from the IPCC ARS

Emissions calculated with the IPCC AR4 GWPs are provided, as these are used in the U.S. national GHG
inventory (EPA 2019b). Emissions calculated with the IPCC ARS GWPs are also provided, as they reflect more
recent science (IPCC 2014).
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Table 3.2.2. Total (Gross and Net) Greenhouse Gas Emissions (thousand metric tons) over Project
Duration for Each Action Alternative Based on 100-Year Time Horizon Global Warming
Potential Values from the Intergovernmental Panel on Climate Change Fourth Assessment
Report
Alternative GHG

Gross COze
Emissions Resulting from
Type Project®

COze from
Energy Sources
Displaced by Project”

Net COze Change
from Baseline CO2e¢

B: Proponent’s Project Direct 23,108 NA +23,108
B: Proponent’s Project Indirect 235,658 223,624 +12,034
B: Proponent’s Project Total 258,766 223,624 +35,142
C: Disconnected Infield Roads Direct 25,278 NA +25,278
C: Disconnected Infield Roads Indirect 235,658 223,624 +12,034
C: Disconnected Infield Roads Total 260,936 223,624 +37,312
D: Disconnected Access Direct 23,215 NA +23,215
D: Disconnected Access Indirect 235,658 222934 +12,724
D: Disconnected Access Total 258,873 222,934 +35,939

Note: COze (carbon dioxide equivalent); GHG (greenhouse gas); NA (not applicable). Project duration would be 30 years for Alternatives B
and C, and 31 years for Alternative D. The global warming potential values used are carbon dioxide = 1; methane = 25; nitrous oxide = 298.
2 Indirect gross COze is from the Willow Project’s indirect GHG emissions modeled by Bureau of Ocean and Energy Management (BOEM)
(2019). Numbers may not match exactly due to rounding.

b COze from Energy Sources Displaced by Project is from the displaced substitutes GHG emissions values modeled by BOEM (2019).
Numbers may not match exactly due to rounding.

¢ The net COze change is the difference between the previous columns. The + sign indicates an increase in emissions from baseline (i.e., as
compared to the No Action Alternative).

Table 3.2.3. Total (Gross and Net) Greenhouse Gas Emissions (thousand metric tons) over Project
Duration for Each Action Alternative Based on 100-Year Time Horizon Global Warming
Potential Values from the Intergovernmental Panel on Climate Change Fifth Assessment
Report
Alternative GHG

Gross COze
Emissions Resulting from
Type Project®

COze from
Energy Sources
Displaced by Project”

Net COze Change
from Baseline CO2ze¢

B: Proponent’s Project Direct 23,133 NA +23,133
B: Proponent’s Project Indirect 235,641 223,638 +12,003
B: Proponent’s Project Total 258,774 223,638 +35,136
C: Disconnected Infield Roads Direct 25,303 NA +25,303
C: Disconnected Infield Roads Indirect 235,641 223,638 +12,003
C: Disconnected Infield Roads Total 260,944 223,638 +37,306
D: Disconnected Access Direct 23,240 NA +23,240
D: Disconnected Access Indirect 235,641 222,949 +12,692
D: Disconnected Access Total 258,881 222,949 +35,932

Note: CO2e (carbon dioxide equivalent); GHG (greenhouse gas); NA (not applicable). Project duration would be 30 years for Alternatives B
and C, and 31 years for Alternative D. The global warming potential values used are carbon dioxide = 1; methane = 28; nitrous oxide = 265.
2 Indirect gross COze is from the Willow Project’s indirect GHG emissions modeled by Bureau of Ocean and Energy Management (BOEM)
(2019). Numbers may not match exactly due to rounding.

> CO2e from Energy Sources Displaced by Project is from the displaced substitutes GHG emissions values modeled by BOEM (2019).
Numbers may not match exactly due to rounding.

¢ The net COze change is the difference between the previous columns. The + sign indicates an increase in emissions from baseline (i.e., as
compared to the No Action Alternative).
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Table 3.2.4. Total (Gross and Net) Greenhouse Gas Emissions (thousand metric tons) over Project
Duration for Each Action Alternative Based on 20-Year Time Horizon Global Warming
Potential Values from the Intergovernmental Panel on Climate Change Fifth Assessment

Report

Alternative GHG Gross COze CO2 from Net CO2. Change
Emissions Resulting from Energy Sources from Baseline CO2.*
Type Project® Displaced by Project”

B: Proponent’s Project Direct 23,628 NA +23,628

B: Proponent’s Project Indirect 236,367 224,532 +11,835

B: Proponent’s Project Total 259,995 224,532 +35,463

C: Disconnected Infield Roads Direct 25,803 NA +25,803

C: Disconnected Infield Roads Indirect 236,367 224,532 +11,835

C: Disconnected Infield Roads Total 262,170 224,532 +37,638

D: Disconnected Access Direct 23,732 NA +23,732

D: Disconnected Access Indirect 236,367 223,843 +12,524

D: Disconnected Access Total 260,099 223,843 +36,256

Note: COze (carbon dioxide equivalent); GHG (greenhouse gas); NA (not applicable). Project duration would be 30 years for Alternatives B
and C, and 31 years for Alternative D. The global warming potential values used are carbon dioxide = 1; methane = 84; nitrous oxide = 264.
2 Indirect gross COze is from the Willow Project’s indirect GHG emissions modeled by Bureau of Ocean and Energy Management (BOEM)
(2019). Numbers may not match exactly due to rounding.

b COze from Energy Sources Displaced by Project is from the displaced substitutes GHG emissions values modeled by BOEM (2019).
Numbers may not match exactly due to rounding.

¢ The net COze change is the difference between the previous columns. The + sign indicates an increase in emissions from baseline (i.e., as
compared to the No Action Alternative).

When applying the 100-year GWPs from the IPCC AR4 (Table 3.2.2), Alternative B’s annual average direct
GHG emissions (770 thousand metric tons [TMT] of COse per year) over the 30-year Project life are
approximately 1.925% of the 2015 Alaska GHG inventory. The annual average total gross (i.e., sum of direct and
gross indirect) GHG emissions of 8,626 TMT of CO»e per year represents approximately 0.134% of the 2017 U.S.
GHG inventory. When applying the 100-year GWP from the IPCC ARS (Table 3.2.3), Alternative B’s annual
average direct GHG emissions (771 TMT of COze per year) are approximately 1.928% of the 2015 Alaska GHG
inventory. The annual average total gross GHG emissions are again 8,626 TMT of CO.e per year; they constitute
approximately 0.134% of the U.S. GHG inventory. When applying the 20-year GWPs from the IPC AR5 (Table
3.2.4), Alternative B’s annual average direct GHG emissions (787 TMT of COe per year) are approximately
1.968% of the 2015 Alaska GHG inventory. The annual average total gross GHG emissions of 8,667 TMT of
COze per year represent approximately 0.134% of the 2017 U.S. GHG inventory. In all three cases, over 90% of
the total gross GHG emissions from the Project are from indirect emissions.

Overall, the choice of GWPs has little impact on the total gross CO,e emissions because the total is dominated by
indirect emissions of CO», which always has a GWP of one. Over the life of the Project, there would be a net
increase of up to 35,463 TMT of CO.e from the No Action Alternative (Alternative A) to Alternative B, with the
highest increase estimated using the 20-year GWPs from [IPCC AR5. GHG emissions due to Alternative B would
contribute to climate change impacts, as described in Section 3.2.1.2, Projected Climate Trends and Impacts in
the Arctic and on the North Slope.

3.2.2.4 Alternative C: Disconnected Infield Roads
Tables 3.2.2, 3.2.3, and 3.2.4 provide the direct, indirect, and total GHG emissions for Alternative C.

Direct GHG emissions over the life of the Project calculated with the IPCC AR4 100-year GWPs are 9.40%
higher than Alternative B due to the increased air travel and two operations centers and are 8.89% higher than
Alternative D. The annual average direct GHG emissions (843 TMT of COse per year) over the 30-year Project
life are approximately 2.108% of the 2015 Alaska GHG inventory. The annual average total gross GHG
emissions of 8,698 TMT of CO»e per year constitute approximately 0.135% of the 2017 U.S. GHG inventory.
When applying the 100-year GWPs from the I[PCC ARS, direct GHG emissions over the life of the Project (843
TMT of COse per year) represent approximately 2.108% of the 2015 Alaska GHG inventory. The annual average
total gross GHG emissions of 8,698 TMT of COse per year again represents approximately 0.135% of the 2017
U.S. GHG inventory. Thus, when applying either AR4 or AR5 100-year GWPs, total gross GHG emissions of the
Project duration for Alternative C are 0.84% higher than Alternative B and 0.79% higher than Alternative D.

Chapter 3.2 Climate and Climate Change Page 37



Willow Master Development Plan Final Environmental Impact Statement

When applying the 20-year GWPs from the IPCC ARS, direct GHG emissions over the 30-year Project life are
9.21% higher than Alternative B and 8.73% higher than Alternative D. The annual average direct GHG emissions
(860 TMT of COse per year) over the Project life are approximately 2.150% of the 2015 Alaska GHG inventory.
The annual average total gross GHG emissions of 8,739 TMT of CO»e per year constitute approximately 0.135%
of the 2017 U.S. GHG inventory. Total gross GHG emissions over the Project life for Alternative C calculated
with 20-year AR5 GWPs are 0.83% higher than Alternative B and 0.79% higher than Alternative D.

Over the Project duration for Alternative C, there would be a net increase of up to 37,638 TMT of CO.e from the
No Action Alternative (Alternative A) to Alternative C, with the highest increase estimated with the 20-year
GWPs. Regardless of the choice of GWPs, the annual average total gross GHG emissions due to the Project under
Alternative C would constitute approximately 0.14% of the total U.S. GHG inventory. GHG emissions from
Alternative C would contribute to the climate change impacts described in Section 3.2.1.2.

3.2.2.5 Alternative D: Disconnected Access
Tables 3.2.2, 3.2.3, and 3.2.4 provide the direct, indirect, and total GHG emissions for Alternative D, respectively.

When applying the 100-year GWPs from the IPCC AR4, direct GHG COze emissions over the 31-year Project life
of Alternative D are 0.46% higher than Alternative B due to increased air travel. The annual average direct GHG
emissions (725 TMT of COse per year) over the Project duration are approximately 1.813% of the 2015 Alaska
GHG inventory. The annual average total GHG emissions of 8,351 TMT of CO.e per year constitute
approximately 0.129% of the 2017 U.S. GHG inventory. The 100-year GWPs from the IPCC ARS direct GHG
COze emissions over the Project life are 0.46% higher than Alternative B. The annual average direct GHG
emissions (726 TMT of CO.e per year) over the Project life are approximately 1.815% of the 2015 Alaska GHG
inventory. The annual average total GHG emissions are again 8,351 TMT of CO.e per year; they represent
approximately 0.129% of the 2017 U.S. GHG inventory. Thus, when applying the 100-year GWPs from either
AR4 or ARS, total gross GHG emissions over the Project life for Alternative D are 0.04% lower than Alternative
B and 0.79% lower than Alternative C.

When applying the 20-year GWPs from the IPCC ARS, direct GHG CO»e emissions over the Project life are
0.44% higher than Alternative B. The annual average direct GHG emissions (742 TMT of COze per year) over the
31-year Project life are approximately 1.855% of the 2015 Alaska GHG inventory, and the annual average total
GHG emissions of 8,390 TMT of COze per year constitute 0.130% of the 2017 U.S. GHG inventory. Total gross
GHG emissions over the Project duration for Alternative D calculated with 20-year IPCC AR5 GWPs are 0.04%
higher than Alternative B and 0.79% lower than Alternative C.

Over the 31-year life of the Project for Alternative D, there would be a net increase of up to 36,256 TMT of CO.e
from the No Action Alternative (Alternative A) to Alternative D, with the highest increase estimated using the 20-
year IPCC AR5 GWPs. The annual average total gross GHG emissions due to the Project under Alternative D
represent 0.13% of the total U.S. GHG inventory. GHG emissions due to Alternative D would contribute to
climate change impacts, as described in Section 3.2.1.2.

3.2.2.6 Module Delivery Options

3.2.2.6.1 Option 1: Atigaru Point Module Transfer Island

Direct project module delivery emissions for Option 1 would be 140.25 TMT COze when the calculation is based
on the IPCC AR4 100-year GWPs, 140.25 TMT when using the IPCC AR5 100-year GWPs, and 140.59 TMT
when using the [PCC AR5 20-year GWPs. The MTI would not produce oil or natural gas directly but instead
supports Project construction, so there would be no associated indirect GHG emissions for the module delivery
options.

3.2.2.6.2 Option 2: Point Lonely Module Transfer Island

Direct project module delivery emissions for Option 2 would be 340.79 TMT CO;e when the calculation is based
on the [IPCC AR4 100-year GWPs, 340.81 TMT when using the IPCC AR5 100-year GWPs, and 341.65 TMT
when using the IPCC AR5 20-year GWPs. The emissions from Option 2 are approximately 170 TMT of COse
more than Option 1 due to the considerable increase in required ground traffic equipment and mileage associated
with longer ice road routes to the Point Lonely MTI location.
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3.2.2.6.3 Option 3: Colville River Crossing

Direct project module delivery emissions for Option 3 vary based on the action alternative that it is paired with.
For Alternatives B and C, direct emissions with Option 3 would be 39.97 TMT CO,e when the calculation is
based on the IPCC AR4 100-year GWPs, 39.98 TMT when using the IPCC AR5 100-year GWPs, and 40.08 TMT
when using the IPCC AR5 20-year GWPs. GHG emissions from Option 3 for Alternatives B and C are
approximately 100 TMT of COxe less than Option 1 and approximately 300 TMT less than Option 2 because
Option 3 would make use of the existing Oliktok Dock for module delivery.

For Alternative D, direct emissions with Option 3 would be 43.14 TMT CO.e using the [IPCC AR4 100-year
GWPs, 43.15 TMT when using the IPCC AR5 100-year GWPs, and 43.25 TMT when using the [IPCC ARS 20-
year GWPs. GHG emissions from Option 3 when paired with Alternative D are approximately 97 TMT of CO.e
less than Option 1 and approximately 297 TMT less than Option 2 because Option 3 would use the existing
Oliktok Dock for module delivery.

3.2.2.7 QOil Spills and Accidental Releases

The EIS considers the potential effects of accidental spills. Chapter 4.0 describes the likelihood, types, and sizes
of spills that could occur. Under all action alternatives, spills and accidental releases of oil or other hazardous
materials could occur. Spills associated with the storage, use, and transport of waste or hazardous materials (e.g.,
diesel, gasoline, other chemicals) during all Project phases would likely be contained to gravel or ice pads, inside
structures, or within secondary containment structures. These types of spills would potentially result in CHy
emissions from the spill itself, as well as CO,, CHs4, and N>O emissions associated with equipment used for
containment, transportation, and cleanup (including burning), and thus would potentially contribute incrementally
to climate change.

3.2.3 Effects of Climate Change on the Project

Key changes to anticipate as a result of a changing arctic climate are permafrost thawing, shorter ice road seasons,
and changes to precipitation. Permafrost thawing and uneven settlement could cause damage to infrastructure
such as gravel pads, roads, and pipelines. A shorter ice road season would affect the transport of materials and
personnel that depend on ice roads; consequently, the impacts due to climate change would be more substantial
for Alternatives C and D due to their reliance on annual ice roads to connect the Project area to existing
development during winter. More precipitation could increase surface runoff, and the design of gravel surface
elevations would consider more extreme precipitation events.

CPAI would accommodate these considerations in the Project’s design using the following measures:

* QGravel roads would be a minimum of 5 feet thick (averaging 7 feet thick due to local topography) to
maintain the existing thermal regime and protect underlying permafrost from melting.

* Gravel pads would be a minimum of 5 feet thick (averaging more than 7 feet thick due to local topography)
to maintain the existing thermal regime and protect underlying permafrost from melting.

* Iflocalized thaw penetration and subsidence at the gravel surface begin to occur, CPAI would perform
maintenance as needed to increase the insulative value of the infrastructure, through additional gravel or
other techniques, in the problem area(s). CPAI would adaptively manage gravel road and pad maintenance
in response to potentially changing climatic conditions. Specific areas where subsidence may occur is
unknown due to site complexity and uncertainties inherent in any model or projection.

* The targeted deployment of thermosiphons to help maintain the existing thermal regime in areas where
permafrost degradation would be likely due to local conditions or Project facilities (e.g., on drill pads).

* Design flow for crossings of North Slope streams would be controlled by breakup flood magnitude, which
is significantly larger than summer and fall rain induced flood events.

* Infrastructure would be designed to account for increases in winter precipitation due to climate change that
could result in larger spring breakup events due to potentially increased snowfall amounts. Bridge and
culvert designs would account for larger breakup events than river or stream design flow magnitude by
providing 4 feet of freeboard above the 100-year floodwater surface elevation (for bridges) and providing a
headwater-diameter ratio (Hw/D) of less than 1.0 for a 50-year flood event for culverted stream crossings.

* Typical bridge design practice in the U.S. per the Federal Highway Administration Project Development
and Design Manual is 2 feet of freeboard over the 50-year design water-surface elevation. Per Federal
Highway Administration, culverts designed for a “high-standard road” (the most stringent design criteria)
are to be designed for a 50-year flow capacity with a Hw/D between 1.2 and 1.5 (Hw/D less than 1.0 means
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the inlet of the culvert would not be submerged; an Hw/D greater than 1.0 means the culvert inlet would be
submerged), depending on culvert size.

* For both bridges, the Project’s design criteria would be more conservative than Federal Highway
Administration criteria and would be able to accommodate future increases in flows from potential climate
change.

* CPAIl evaluated ice road season duration (which has natural variability) over the last 20 years to consider
the potential effects of climate change on ice road construction. Because the duration of the Alpine Ice
Road season has not changed substantially over the last 20 years (CPAI 2020d) despite climate change
occurring, the design uses the existing ice-road season. The Alpine Ice Road has remained open for an
average of 92 days for the last 21 years and 99 days for the last 10 years; there is no apparent trend in
increasing or decreasing duration. The Lower Foothills Tundra Opening Area has been open an average of
100 days since 2002 and the Western Coastal Tundra Opening Area has been open an average of 130 days
since 2002 (ADNR 2020). There appears to be a slight decrease over time in the Western Coastal Tundra
Opening Area season duration (would not appreciably affect the Project), and a decrease in the Lower
Foothills Tundra Opening Area season duration. The Option 3 ice road would be in the Lower Foothills
Tundra Opening Area, but would only construct an ice road for 2 seasons and would be complete by 2028.
Ice roads within the NPR-A would not be on state lands and thus would be subject to BLM jurisdiction, for
which data regarding ice road season duration are not available (due to the lesser amount of development
and activity in the area compared to state lands).

* The MTI design water levels and wave conditions are based on the 100-year event as presented in Resio
and Coastal Frontiers Corporation (2019). This hindcast assessment of extreme water level and wave
conditions indicates that storm surge and wave conditions have not changed appreciably in the recent past.
Twenty westerly and twenty easterly storms that occurred from 1954 through 2014 were selected for
inclusion in that study based on their potential to generate large waves. Only five of the westerlies and eight
of the easterlies occurred after 2000, and only one westerly and three easterlies after 2010. Furthermore, the
highest water level ever recorded at the Prudhoe Bay tide gauge, which was established in 1990, occurred
in August 2000 (based on the station information available at:
https://tidesandcurrents.noaa.gov/stationhome.htm1?1d=9497645).

* The MTI design considered the effects of declining ice cover in the Beaufort Sea. Because the predominant
directions for storm winds are coast-parallel (easterly and westerly), the retreat of the pack ice to the north
does not materially increase the fetch length. The fetch width (perpendicular to the wind direction) is
indeed increasing, but the impact of fetch width on surge and wave generation is relatively minor compared
to that of fetch length. As a result, the severity of nearshore surge and wave has not changed substantially.
Coastal erosion rates are increasing due to higher air temperatures (thermal erosion of ice-bonded coastal
bluffs) and longer open-water seasons (more wave energy), but these factors would not impact an armored
structure such as Oliktok Dock or the MTI.

3.2.4 Unavoidable Adverse, Irretrievable, and Irreversible Effects

Project GHG emissions and their contribution to cumulative GHG levels and climate change are unavoidable and

irretrievable throughout the life of the Project. Cumulative climate change impacts may be irreversible, depending
on what future steps are taken to address future cumulative GHG emissions worldwide. Impacts on the long-term

sustainability of area resources is dependent on those steps.

3.3 Air Quality

The near-field analysis area for air quality is the region within approximately 50 kilometers (km) (31 miles) of the
Project (Figure 3.3.1), which is the distance the near-field model is generally considered to be applicable (40 CFR
51 Appendix W). The far-field (i.e., regional) analysis area is the region within approximately 300 km' (186
miles) of the Project (Figure 3.3.1), which is expected to characterize the maximum long-range impacts on air
quality and air quality related values (AQRVs) and is consistent with previous EISs (BLM 2014). The temporal
scale of the analysis ranges from acute (1 hour) to the life of the Project (approximately 30 years).

! South of the Project, the far-field modeling domain extends approximately 250 km (155 miles).
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3.3.1 Affected Environment

Existing air quality in the analysis area is described in this section through a review of the regional climate and
meteorology, existing emission sources, and monitoring data; Appendix E.3A, Air Quality Technical Appendix,
contains additional details.

3.3.1.1 Regulatory Framework

The Clean Air Act (CAA) requires EPA to establish National Ambient Air Quality Standards (NAAQS) for six
common pollutants referred to as criteria air pollutants (CAPs): carbon monoxide (CO), lead (Pb), nitrogen
dioxide (NO>), ozone (0O3), PM, s, and PM less than or equal to 10 microns in aecrodynamic diameter (PMjy), and
sulfur dioxide (SO,). In Alaska, the EPA has delegated authority to ADEC for the implementation and
enforcement of the Alaska Air Quality Control Regulations (18 AAC 50) through an EPA-approved State
Implementation Plan. The Alaska Ambient Air Quality Standards (AAAQS) were promulgated in 18 AAC 50.010
and include additional standards beyond the NAAQS. The NAAQS and AAAQS are provided in Appendix E.3A
(Section 1.1.1, Regulatory Framework) and the analysis of impacts assesses both standards. The analysis area for
air quality is designated as “attainment/unclassifiable” for all CAPs. The only nonattainment area (for PM> 5) in
Alaska is in Fairbanks, over 600 km (373 miles) from the Project.

The Prevention of Significant Deterioration (PSD) provisions of the CAA protect air quality in geographic areas
designated as attainment/unclassifiable by requiring that new major emission sources, or existing emission
sources receiving major modifications, do not result in a violation of the NAAQS or exceed maximum allowable
increases in air quality (PSD increments) (40 CFR 52.21). Areas that are in attainment of the NAAQS are
categorized as Class I, Class II, or Class III, which determines the increment of air quality deterioration allowed,
with Class I areas being the most protected. The PSD program includes special protections for Class I areas
federally designated as part of the 1977 CAA amendments and Class II areas. The program requires Federal Land
Managers to protect AQRVs, such as visibility and deposition (NPS 2011a), in Class I areas (40 CFR 51.166).
There are no Class I areas in the analysis area. AQRVs are assessed in the EIS at three federally managed areas
with receptor locations of interest (referred to hereafter as the three assessment areas): Arctic National Wildlife
Refuge (ANWR), Gates of the Arctic National Park, and Noatak National Preserve (Figure 3.3.1).

Visibility impairment (i.e., haze), occurs when sunlight is absorbed or scattered by particles and gases (EPA
2017a). Visibility impacts are assessed by comparing the source’s impact in units of delta deciviews (dv). The dv
scale is nearly zero for a pristine atmosphere, and each dv change corresponds to a small but perceptible scenic
change that is observed under either clean or polluted conditions. For example, a source that exceeds 0.5 dv (5%
change in light extinction) is considered to contribute to visibility impairment, while a source that exceeds 1.0 dv
(10% change in light extinction) is considered to cause visibility impairment (FLAG 2010).

Deposition is the transfer of pollutants from the atmosphere to soil, waterbodies, and other surfaces via dry or wet
processes. There are currently no federal standards for deposition. Federal Land Managers use critical loads
(cumulative deposition flux below which no harmful effects to an ecosystem are expected) and Deposition
Analysis Thresholds (DATSs) (below which single-source impacts are considered negligible) to assess cumulative
and source-specific deposition impacts, respectively. The critical load range for the Alaska tundra ecoregion is 1.0
to 3.0 kilograms nitrogen per hectare per year (kg N/ha/year) (NPS 2018), and the nitrogen and sulfur DATs for
western Federal Land Manager areas are 0.005 kilogram per hectare per year (kg/ha/year) (FLAG 2010).

The CAA also mandates that EPA regulate 187 hazardous air pollutants (HAPs) that are known or suspected to
cause serious health effects or adverse environmental effects (42 USC 7412). EPA established National Emission

Standards for Hazardous Air Pollutants to regulate specific categories of stationary sources that emit one or more
HAPs (40 CFR 63).

There are other federal and state air quality regulations that may apply to the Project, including, but not limited to,
the New Source Performance Standards (40 CFR 60), the Title V Operating Permit program (40 CFR 70, 71), the
Mandatory Reporting of Greenhouse Gases (40 CFR 98), and ADEC minor source permitting (18 AAC 50.502—
560). The specific regulatory requirements applicable to the Project would be determined during permitting.

3.3.1.2 Characterization of Climate, Meteorology, and Air Quality in the Analysis Area
Meteorological conditions such as wind speed, wind direction, temperature, and relative humidity affect air
quality conditions. The Project area is classified as a northern polar climate with long and cold winters, short and
cool summers, and low annual precipitation. There is generally snow cover from October to May. Average
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monthly temperatures and precipitation rates at the National Weather Service monitoring station in Nuigsut are
provided in Table 3.3.1. The annual wind rose in Figure 3.3.2 shows the distribution of wind direction and speed
at the CPAI monitoring station in Nuiqgsut from 2013 to 2017. The prevailing wind direction was from the
northeast with wind speeds averaging 5 meters per second (11.2 mph). Seasonal winds patterns at Nuigsut and
additional data from other meteorological monitors are provided in Appendix E.3, Air Quality Technical
Appendix.

Table 3.3.1. Average Temperature and Precipitation at the Nuiqsut National Weather Service Monitor

Parameter Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual
Max Temp (F)* -7.1 | 96 | -84 | 10.0 | 29.6 | 51.1 | 582 | 51.6 | 40.1 | 21.8 | 5.1 -2.5 20

Min Temp (F)* -229 | -233 | -21.5 | -6.0 | 182 | 354 | 41.6 | 38.7 | 31.5 | 142 | -8.7 | -15.7 6.8
Total Precip (in)° | 0.08 | 0.05 | 0.02 | 0.18 | 0.19 | 027 | 0.74 | 0.88 | 0.38 | 0.04 | 0.05 | 0.13 2.74

Note: F (degrees Fahrenheit); in (inch); Max (maximum); Min (minimum); Precip (precipitation); Temp (temperature).

* Source: National Oceanic and Atmospheric Administration National Centers for Environmental Information (https://www.ncdc.noaa.gov/cdo-
web/datatools/normals); period of record is 1981 to 2010.

® Source: U.S. Department of Agriculture Natural Resources Conservation Service (http://agacis.rcc-acis.org/?fips=02185). Values are based on averages over
the period 1998 to 2017. Months within each year with > 1 missing day are omitted from averages. Annual data with > 1 missing day is also omitted from
averages. Due to this, the sum of monthly averages does not equal the annual average.

There are several existing emissions sources, both onshore and offshore, on the North Slope and adjacent waters
area, resulting in air emissions that affect air quality. Overall, onshore oil and gas sources comprise the largest
fraction of existing emissions for all CAPs except PMio and PM s, for which dust from unpaved roads comprise
the largest fraction. The largest existing sources of HAPs are onshore oil and gas activity, other nonroad vehicles
and equipment, on-road gasoline-powered trucks, waste incineration, combustion, and landfills (Fields Simms,
Billings et al. 2014).

Air concentrations of CAPs measured at the CPAI Nuigsut monitoring station are provided in Table 3.3.2. The
monitored concentrations are all well below the NAAQS; thus, the existing air quality in the analysis area is
acceptable with respect to the NAAQS. Measurements of HAPs are reported for six HAPs that are commonly
emitted during oil and gas development. The measured concentrations during the 2014 through 2018 period at the
CPAI Nuigsut monitoring station are presented in Table. 3.3.3 (SLR 2019). The measured HAP concentrations
are well below corresponding Reference Exposure Level (RELs) and Acute Exposure Guideline Levels (AEGLSs)
(EPA 2018), as shown in Table 3.3.3.

Table 3.3.2. Measured Criteria Air Pollutant Concentrations at the Nuiqsut Monitoring Station

Pollutant Averaging | Rank 2015 2016 2017 Average NAAQS/ Below NAAQS/
(units) Period LV.V.XO N AAAQS?
CO (ppm) 1 hour 2" highest daily max 1 1 1 1 35 Yes
CO (ppm) 8 hours 2" highest daily max 1 1 1 1 9 Yes
NO: (ppb) 1 hour 99" percentile of daily max | 23.6 18.0 27.4 23.0 100 Yes
NO: (ppb) Annual Annual average 2 1 2 2 53 Yes
SO: (ppb) 1 hour 99" percentile of daily max 1.2 32 35 2.6 75 Yes
SO: (ppb) 3 hours 2" highest daily max 1.2 34 35 2.7 500 Yes
SO: (ppb) 24 hours  |2" highest 1.1 3.1 34 2.5 139 Yes
SO: (ppb) Annual Average 0.1 0.8 0.9 0.6 31 Yes
PMyo (ug/m*®) |24 hours  |2nd highest 98.5 128.8 48.8 92.1 150 Yes
PM,s(ug/m®) |24 hours  |98th percentile 10.0 5.5 6.9 7.5 35 Yes
PM,s(ug/m®) |Annual Average 2.8 1.3 1.6 1.9 12 Yes

O3 (ppb) 8 hours 4th highest daily max 46 43 45 44 70 Yes

Note: AAAQS (Alaska Ambient Air Quality Standards; CO (carbon monoxide); max (maximum); NAAQS (National Ambient Air Quality Standards); NO,
(nitrogen dioxide); O; (ozone); PM (particulate matter less than or equal to 10 microns in aerodynamic diameter); PM, s (particulate matter less than 2.5
microns in acrodynamic diameter); ppb (parts per billion); ppm (parts per million); SO, (sulfur dioxide); pg/m* (micrograms per cubic meter).
NAAQS/AAAQS for O; were converted from ppm to ppb, and AAAQS SO, 24-hour and annual standards were converted from pg/m? to ppb.
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Table 3.3.3. Measured Hazardous Air Pollutants Concentrations at the Nuiqsut Monitoring Station (2014

Pollutant Average of measurements Maximum of Acute REL or AEGL
(ng/m3)? measurements (ug/m>? (ng/m3)°
Benzene® 0.86 0.89 27
Ethylbenzene® 0.78 0.78 140,000¢
Formaldehyde NA NA 55
n-hexane 1.27 1.27 10,000,0004
Toluene 3.81 6.41 37,000
Xylene® 247 3.47 22,000

Source: SLR 2019

Note: AEGL (Acute Exposure Guideline Level); NA (not available); REL (Reference Exposure Level); pg/m* (micrograms per cubic meter).

2 Values converted from parts per billion to ug/m® at standard temperature and pressure.

® Source of REL and AEGL data: Table 2 in Acute Dose-Response Values for Screening Risk Assessments (EPA 2018).

¢ Benzene and ethylbenzene measurements reported from the Toxic Organics (TO) method TO-12, n-hexane by the TO-15 method.

4 AEGL specified for these two pollutants (ethylbenzene and n-hexane) as RELs are not available; RELs are specified for the other pollutants in the table.
¢ Xylene measurement reported equals the sum of o-xylene and m/p-xylene by the TO-12 method.

As shown in Figure 3.3.1, AQRV monitoring site locations are located far from the Project and are beyond the
Project’s far-field modeling domain boundaries. The Denali monitoring station is located at the park headquarters
near Healy, Alaska, which is approximately 470 miles south of the Project. The Gates of the Arctic National Park
and Preserve monitoring station is located on the south side of the Brooks Range in Bettles, Alaska, which is
approximately 230 miles south of the Project. Poker Creek is located 24 miles from Fairbanks, Alaska, and is
approximately 380 miles south of the Project. Due to the large distance between the Project and available AQRV
measurement locations, AQRV measurements are in different airsheds than the Project. As a result, AQRV
conditions and trends in proximity to the Project could differ from results reported for the Denali, Gates of the
Arctic, and Poker Creek AQRV monitoring sites.

Monitored visibility at the Gates of the Arctic National Park and Denali National Park is presented in Appendix
E.3A, Figures E.3.8 and E.3.9, respectively. Data are shown for the 20% haziest and 20% clearest days. The 20%
haziest days include anthropogenic and natural influences following the EPA (2013) algorithm as revised by
IMPROVE in December 2019 and is influenced by natural emission sources such as wildland fires. The haze
index on the haziest days shows a downward trend at both sites, with the maximum value of approximately 22 dv
occurring in 2004 at Denali National Park and approximately 13 dv occurring in 2010 at Gates of the Arctic
National Park. The haze index on the clearest days has been slightly higher than natural conditions and is
approximately 2 to 3 dv in Denali National Park since 2000 and between 3 to 4 dv in the Gates of the Arctic
National Park since monitoring began in 2010.

Trends in the wet deposition fluxes of ammonium (NHy"), nitrate (NOs"), and sulfate (SO4%) at the National
Atmospheric Deposition Program’s National Trends Network (NADP 2018) monitors in Poker Creek, Denali
National Park, and Gates of the Arctic National Park are shown in Appendix E.3A, Figures E.3.10, E.3.11, and
E.3.12, respectively. Most values are below 1.0 kg/ha/year, with no apparent trend in most cases. However, wet
deposition fluxes of NHy4 at Poker Creek and Denali National Park, and NOs™ at Poker Creek, have shown an
upward trend in recent years. The estimated total deposition flux of nitrogen and sulfur at Denali National Park
(1999 to 2017) is provided in Appendix E.3A, Figure E.3.13. The estimated total (i.e., wet plus dry) deposition
flux of nitrogen at Denali National Park is well below the critical load of the analysis area (1.0 to 3.0 kg
N/ha/year) in all years.

3.3.2 Environmental Consequences

3.3.2.1 Avoidance, Minimization, and Mitigation

3.3.2.1.1 Applicable Lease Stipulations and Best Management Practices

Table 3.3.4 summarizes existing NPR-A IAP BMPs that would apply to Project actions on BLM-managed lands
and are intended to mitigate impacts to air quality from development activity (BLM 2013a). The BMPs would
reduce impacts to air quality associated with the construction, drilling, and operation of oil and gas facilities.
BLM is currently revising the NPR-A IAP (BLM 2013a), including potential changes to required BMPs
(described as ROPs in BLM [2020a]). Updated ROPs adopted in the new NPR-A IAP will replace existing (BLM
2013a) BMPs. The Willow MDP ROD will detail which of the measures described below will be implemented for
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the Project. Table 3.3.4 summarizes new ROPs or proposed substantial changes to existing NPR-A IAP BMPs
that would help mitigate impacts to air quality. Although many of the LSs (where they are applied as BMPs) and
BMPs have proposed minor language revisions, Table 3.3.4 only includes changes that would be apparent in the
paraphrased table text. Full text of the changes to BMPs is provided in BLM (2020a).

Table 3.3.4. Summary of Applicable Lease Stipulations and Best Management Practices Intended to
Mitigate Impacts to Air Qualit

Description or 2013 Requirement Proposed Changes to BMPs per 2020 IAP
Objective Revisions
BMP | Minimize pollution | A hazardous materials emergency Changes do not affect text as described.
A-3 | through effective contingency plan shall be prepared and
hazardous materials | implemented before transportation,
contingency storage, or use of fuel or hazardous
planning substances.
BMP | Reduce air quality | All oil and gas operations (vehicles and | BMP withdrawn:
A-9 | impacts equipment) that burn diesel fuels must | No similar requirement; duplicative with U.S.
use “ultra-low sulfur” diesel. Environmental Protection Agency standard under
Section 202 of the Clean Air Act amendments.
BMP | Prevent Air monitoring (preconstruction and Added text:
A-10 | unnecessary or throughout the life of the Project), Provided to the North Slope Borough, local
undue degradation | emissions inventory, emissions reduction | communities, and tribes publicly available reports on
of the lands and plan, air quality modeling, and possibly | air quality baseline monitoring, emissions inventory,
protect health mitigation measures will be required. and modeling results developed in conformance with
this BMP.
ROP | Reduce air No similar requirement All permanent camps (and temporary camps where
A-14 | emissions and feasible under alternative E), are required to provide
protect human vehicle plug-ins for engine warming systems (e.g.,
health block heaters and oil pan heaters).
Alternative E only: reduce extended vehicle idling
when practical. In the winter, when vehicles are not in
use for extended periods, they should be powered off
and plugged in where plugs are available.

Source: BLM 2013a, 2020a
Note: BMP (best management practice); F (Fahrenheit); IAP (Integrated Activity Plan); LS (lease stipulation); ROP (required operating procedure).

No deviations to the LSs and BMPs described in Table 3.3.4 would be required.

3.3.2.1.2 Proponent’s Design Measures to Avoid and Minimize Effects

CPATI’s design features to avoid or minimize impacts are listed in Table 1.1.2 in Appendix I.1. CPAI’s design
measures would reduce CAP and HAP emissions beyond federal or state regulations and existing NPR-A IAP/EIS
BMPs. These measures include capturing and injecting produced gas to enhance oil recovery in a closed process
and using hydraulic fracturing equipment that meet nonroad engine EPA Tier 4 emissions standards.

3.3.2.1.3 Additional Suggested Avoidance, Minimization, or Mitigation

BLM would require that CPAI implement a Fugitive Dust Control Plan to mitigate impacts from fugitive PM
emissions from the Project. This plan would require regular watering of pads and unpaved roads, enforcing speed
limits on unpaved access and haul roads, and several other measures to reduce fugitive dust emissions and impacts.
The Fugitive Dust Control Plan is provided as Appendix 1.3. (Though ROP M-5 requires a dust plan for areas of
bare soil, it is focused on construction and mining; the Fugitive Dust Control Plan is focused on gravel roads and
pads.)

3.3.2.2 Air Emissions Inventory

The emissions inventory for the Project action alternatives was calculated based on equipment types and predicted
uses. Equipment and design configurations from other North Slope projects, including the GMT-2 drill site and
the Alpine Processing Facility, were used initially for Project emissions estimates and were adapted to include
Project-specific design information, where available. Project development would result in air emissions from
construction, drilling and completion of new wells, operation and maintenance activities, and processing, storage,
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and transfer of liquid and gas products. Emissions of CAPs, GHGs,? and HAPs come from the installation of wells,
the operation of engines and boilers, and the transportation of equipment, materials, and personnel to and within
the Project area, mostly due to vehicle engine combustion and vehicle traffic on unpaved roads. After the wells
are completed, the processing, transport, and storage of the produced oil and natural gas would result in emissions
of CAPs, GHGs, and HAPs.

The total life-of-Project emissions by pollutant under each alternative are provided in Tables 3.3.5, 3.3.6, and 3.3.7,
with the emissions for Option 1 (Atigaru Point Module Transfer Island), Option 2 (Point Lonely Module Transfer
Island), and Option 3 (Colville River Crossing), respectively. Emissions shown are for all Project sources plus the
indicated module delivery option. The HAPs analyzed only include those most commonly emitted from oil and gas
development (benzene, toluene, ethylbenzene, xylenes, n-hexane, and formaldehyde); thus, the HAPs column in
Tables 3.3.5, 3.3.6, and 3.3.7 represents the sum of only these six HAPs. For all three module delivery options,
Alternative C has the highest total Project emissions across all three action alternatives for CAPs and HAPs (1% to
20% more than Alternative B and 2% to 18% more than Alternative D) other than PM o for Alternative D. These
increased emissions are primarily due to additional equipment and infrastructure requirements necessitated by the lack
of a gravel road between the WPF and BT1 for this alternative. For PM o, Alternative C emissions are 10% higher
than Alternative B and 8% lower than Alternative D. Higher PM o emissions from Alternative D are mainly due to
higher routine operations traffic activity for Alternative D compared to Alternative B and Alternative C. Under all
module delivery options, Alternative D has slightly higher emissions (except volatile organic compounds [VOCs]
and HAPs) than Alternative B because of the extended Alternative D Project schedule®. Note that air emissions are
not equivalent to air quality impacts. As described in the following sections, the air emissions for the action
alternatives are used in modeling analyses to estimate air quality impacts. A detailed description of the methods
used to calculate CAP and HAP emissions, as well as the activity data for each Project phase under each alternative,
are provided in Chapter 2 in Appendix E.3B.

Table 3.3.5. Total Life-of-Project Criteria Air Pollutant and Hazardous Air Pollutant Emissions (tons) due
to the Project and Module Delivery Option 1 (Atigaru Point Module Transfer Island)

Alternative SO»  4\% i) PMa2s VOCs HAPs
A: No Action 0 0 0 0 0 0 0

B: Proponent’s Project 20,270 19,593 1,364 6,549 2,394 16,626 1,911
C: Disconnected Infield Roads 24,328 23,064 1,458 7,213 2,858 17,139 1,927
D: Disconnected Access 20,694 19,743 1,367 7,883 2,575 16,519 1,897

Note: CO (carbon monoxide); HAPs (hazardous air pollutants); NOx (nitrogen oxides); PM, s (particulate matter less than 2.5 microns in aerodynamic
diameter); PM, (particulate matter less than or equal to 10 microns in aerodynamic diameter); SO, (sulfur dioxide); VOCs (volatile organic compounds).
Greenhouse gas emissions due to the Project are discussed in Section 3.2, Climate and Climate Change.

Table 3.3.6. Total Life-of-Project Criteria Air Pollutant and Hazardous Air Pollutant Emissions (tons) due
to the Project and Module Delivery Option 2 (Point Lonely Module Transfer Island)

Alternative N0)]  4\% i) PMazs VOCs HAPs
A: No Action 0 0 0 0 0 0 0

B: Proponent’s Project 20,836 20,239 1,365 6,596 2,420 16,719 1,922
C: Disconnected Infield Roads 24,894 23,710 1,460 7,260 2,885 17,233 1,939
D: Disconnected Access 21,260 20,389 1,369 7,930 2,602 16,612 1,909

Note: CO (carbon monoxide); HAPs (hazardous air pollutants); NOx (nitrogen oxides); PM, s (particulate matter less than 2.5 microns in aerodynamic
diameter); PM, (particulate matter less than or equal to 10 microns in aerodynamic diameter); SO, (sulfur dioxide); VOCs (volatile organic compounds).
Greenhouse gas emissions due to the Project are discussed in Section 3.2, Climate and Climate Change.

2 Note that greenhouse gas emissions are described and presented in Section 3.2, Climate and Climate Change.
3 The emission inventory time period for Alternative D was extended 1 year longer than for Alternative B and Alternative C to account for
the delayed production schedule for Alternative D.
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Table 3.3.7. Total Life-of-Project Criteria Air Pollutant and Hazardous Air Pollutant Emissions (tons) due
to the Project and Module Delivery Option 3 (Colville River Crossing)

Alternative N0)] VOCs HAPs
A: No Action 0 0 0 0 0 0 0

B: Proponent’s Project 19,903 19,131 1,361 6,581 2,382 16,562 1,903
C: Disconnected Infield Roads 23,961 22,601 1,455 7,245 2,846 17,076 1,919
D: Disconnected Access 20,342 19,285 1,364 7915 2,564 16,457 1,890

Note: CO (carbon monoxide); HAPs (hazardous air pollutants); NOx (nitrogen oxides); PM, s (particulate matter less than 2.5 microns in aerodynamic
diameter); PM, (particulate matter less than or equal to 10 microns in aerodynamic diameter); SO, (sulfur dioxide); VOCs (volatile organic compounds).
Greenhouse gas emissions due to the Project are discussed in Section 3.2, Climate and Climate Change.

3.3.2.3 Air Quality Impact Assessment Summary
The approach for the air quality impact assessment for the Project analysis is described in Chapter 1 of the AQTSD
(Appendix E.3B). The objective of the assessment was to assess current air quality conditions and estimate the
potential change in future air quality conditions associated with Project development. Air quality and AQRV
impacts were assessed within the Project area, at discrete sensitive receptor locations, and at three assessment areas
within approximately 300 km (186 miles) of the Project. Specifically, the air quality modeling includes the
following:

* An assessment of air quality impacts for the CAPs Oz, PM» 5, PMo, NO,, SO, and CO

* An assessment of the HAP impacts of benzene, toluene, ethylbenzene, and xylene (collectively referred to

as BTEX), n-hexane, and formaldehyde*
* An AQRYV analysis to assess changes in visibility and acidic deposition

Note that the air quality impact analyses include additional planned developments and background air quality
concentrations in order to compare total air quality and AQRV conditions to applicable standards. Therefore,
results presented in the following sections include a cumulative impact assessment. More information about the
planned developments and analysis of the cumulative impacts is presented in Section 3.19.5, Cumulative Impacts
to Air Quality.

3.3.2.3.1 Near-Field Air Impact Assessment Summary

The near-field air impact assessment was conducted using the EPA regulatory air dispersion model AERMOD to
assess CAPs (excluding O;° and Pb®) and the HAPs listed above within 50 km (31 miles) (near-field) of the
Project. The AERMOD results for air concentrations from the Project were added to the background ambient air
concentrations from existing emissions sources to calculate the total air quality concentrations for comparison to
the applicable NAAQS and AAAQS (collectively referred to as AAQS; Table 3.3.2). AERMOD results for air
concentrations from the Project at Nuigsut were compared to PSD Class II increments (see Appendix E.3B,
Chapter 1 for the PSD increment thresholds). Note that this comparison is not a formal PSD increment
consumption analysis which is under the jurisdiction of ADEC and is provided here only for reference. The
AERMOD model results for the HAPs were compared to non-carcinogenic acute and chronic pollutant specific
threshold levels (see Appendix E.3B, Chapter 1 for the threshold levels). The calculated chronic cancer risks for
the analyzed HAPs were compared to a one-in-one-million threshold. The AQTSD (Appendix E.3B, Chapter 3)
includes a detailed discussion of the near-field modeling methodology and results.

A summary of the near-field air quality modeling impacts for applicable CAPs and HAPs is provided in Table
3.3.8. Impacts for all pollutants analyzed are below NAAQS/AAAQS, PSD increments, and HAPs thresholds for
all action alternatives. The Project impacts at Nuiqsut are well below NAAQS/AAAQS, PSD increments, and
HAP thresholds for all action alternatives.

4 These six HAPs were selected for analysis as BTEX and n-hexane are present in raw natural gas and oil. Formaldehyde is formed from
the combustion of small chain alkanes that predominate in natural gas.

5> O3 impacts are assessed with the Comprehensive Air Quality Model with Extensions (CAMXx) regional model. The AERMOD model is
not able to estimate O3 concentrations.

% As described in Chapter 1 in Appendix E.3B, Pb was not assessed due to low levels of Pb emissions from the Project.
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Table 3.3.8. Summary of Near-Field Air Quality Modeling Impacts for Action Alternatives and Module

Delivery Options
Alternative or

Development
Scenario

Criteria Air Pollutants

Hazardous Air Pollutants

Option

pre-drilling

Alternative A | Not applicable | No impacts to CAPs. No impacts to HAPs. Pollutant concentrations would be
(No Action) Pollutant concentrations similar to current levels.
would be identical to
existing background levels.
Alternative B | Construction | Impacts would be below all | HAPs impacts were not directly assessed with the model
(Proponent’s AAQS. because HAPs emissions from these activities would be
Project) substantially lower than the routine operations development
scenario.
Alternative B | BT1 pre- Impacts would be below all | HAPs impacts were not directly assessed with the model
drilling AAQS. Impacts would be | because HAPs emissions from these activities would be
identical to Alternative D. | substantially lower than the routine operations development
scenario.
Alternative B | BT1 and BT2 | Impacts would be below all | HAPs impacts were not directly assessed with a model because

AAQS. Impacts would be
identical to Alternative D.

HAPs emissions from these activities would be substantially
lower than the routine operations development scenario.

Alternative B | Developmental | Impacts would be below all | HAPs emissions from these activities are comparable to
drilling AAQS. routine operations. Since the HAPs impacts were well below
thresholds for routine operations, HAPs were not directly
assessed for this scenario.
Alternative B | Routine Impacts would be below all | Non-carcinogenic: All analyzed HAPs would be below RELSs
operations AAQS. and RfCs. Carcinogenic: Cancer risks for individual HAPs and
total cancer risk across all pollutants were modeled and results
were less than a 1-in-1-million risk for all carcinogenic HAPS
analyzed.
Alternative C | Construction | Impacts would be below HAPs impacts were not directly assessed with a model because
(Disconnected AAQS. HAPs emissions from these activities would be substantially
Infield Roads) lower than the routine operations development scenario.
Alternative C | BT1 pre- Impacts would be below all | HAPs impacts were not directly assessed with a model because
drilling AAQS. HAPs emissions from these activities would be substantially
lower than the routine operations development scenario.
Alternative C | BT1 and BT2 | Impacts would be below all | HAPs impacts were not directly assessed with a model because
pre-drilling AAQS. HAPs emissions from these activities would be substantially
lower than the routine operations development scenario.
Alternative C | Developmental | Impacts would be below all | HAPs emissions from these activities are comparable to the
drilling AAQS. routine operations development scenario. Since the HAPs
impacts were well below thresholds for routine operations,
HAPs were not directly assessed for this scenario.
Alternative C | Routine Impacts would be below all | Non-carcinogenic: All analyzed HAPs would be below
operations AAQS. respective RELs and RfCs. Carcinogenic: Cancer risks for
individual HAPs and total cancer risk across all pollutants
were modeled and results were less than a one-in-one-million
risk for all carcinogenic HAPs analyzed.
Alternative D | Construction | Impacts would be below all | HAPs impacts were not directly assessed with a model because
(Disconnected AAQS. HAPs emissions from these activities would be substantially
Access) lower than the routine operations development scenario.
Alternative D | BT1 pre- Impacts would be identical | HAPs impacts were not directly assessed with a model because
drilling to Alternatives B, and HAPs emissions from these activities would be substantially
below all AAQS. lower than the routine operations development scenario.
Alternative D | BT1 and BT2 | Impacts would be below all | HAPs impacts were not directly assessed with a model because
pre-drilling AAQS. Impacts would be | HAPs emissions from these activities would be substantially
identical to Alternative B. lower than the routine operations development scenario.
Alternative D | Developmental | Impacts would be below all | HAPs emissions from these activities are comparable to the
drilling AAQS. routine operations development scenario. Since the HAPs

impacts were well below thresholds for routine operations,
HAPs were not directly assessed for this scenario.
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Alternative or

Development
Scenario

Criteria Air Pollutants

Hazardous Air Pollutants

Option

Alternative D | Routine Impacts would be below all | Non-carcinogenic: All analyzed HAPs would be below
operations AAQS. respective RELs and RfCs. Carcinogenic: Cancer risks for
individual HAPs and total cancer risk across all pollutants
were modeled and results were less than a one-in-one-million
risk for all carcinogenic HAPS analyzed.
Option 1: Atigaru Point | Onshore impacts would be | HAPs impacts were not directly assessed with a model because
Atigaru Point | MTI lower than Option 2 and HAPs emissions from MTI activities would be substantially
MTI below all AAQS. lower than routine operations under Alternatives B, C, and D.
Option 2: Point | Point Lonely | Onshore impacts would be | HAPs impacts were not directly assessed with a model because
Lonely MTI MTI below all AAQS and higher | HAPs emissions from these activities would be substantially
than Option 1. lower than routine operations under Alternatives B, C, and D.
Option 3: Colville River | Onshore impacts would be | HAPs impacts were not directly assessed with a model because
Colville River | crossing below all AAQS. Impacts | HAPs emissions from these activities would be substantially
Crossing would be higher or lower lower than routine operations under Alternatives B, C, and D.
than Option 2, depending
on the pollutant.

Note: AAQS (ambient air quality standards); BT1 (Bear Tooth drill site 1); BT2 (Bear Tooth drill site 2); CAPs (criteria air pollutants); HAPs (hazardous air
pollutants); MTI (module transfer island); PM, s (particulate matter less than 2.5 microns in acrodynamic diameter); RELs (Reference Exposure Levels); RfCs
(reference concentrations); WOC (Willow Operations Center).

The Project would be below all applicable air quality thresholds under all action alternatives and scenarios,
whether Project roads have 25 or 35 mile per hour roads; this is discussed in Appendix E.3B, Section 3.8, Speed
Limit Change Analysis).

3.3.2.3.2 Regional (Far-Field) Air Impact Assessment Summary

The regional (far-field) air impact assessment was conducted using the Comprehensive Air Quality Model with
Extensions (CAMXx) modeling system to assess CAPs (except Pb”), PSD increments, and AQRVs for Alternatives B
and C, as well as cumulative effects from current sources and reasonably foreseeable developments, including
three assessment areas within approximately 300 km (186 miles) of the Project. Regional air quality impacts were
assessed using regional emissions and the emissions inventory developed for the Project as described in the Draft
EIS (Appendix E.3B, Chapter 2). Cumulative impacts were derived from the total concentrations estimated in the
cumulative action alternative scenario (i.e., a CAMx simulation with all Project and regional sources included). The
Project impacts were obtained from the difference between the cumulative action alternative scenario and a scenario
without the Project (the cumulative no action scenario). Regional air quality was not remodeled using the emissions
inventory developed for the Project in this Final EIS because the regional air impact assessment for the Draft EIS
showed that cumulative and Project-specific impacts were found to be below all applicable thresholds throughout the
modeling domain. Additionally, Project emissions of CAPs are small relative to regional emissions (up to 6.0 % of
regional emissions, depending on the pollutant) and changes to Project emissions between the Draft EIS and the Final
EIS are an even smaller fraction of regional emissions (up to 4.3%, depending on the pollutant). AQTSD Chapters 4
and 5 (Appendix E.3B) provide additional modeling details, including the model configuration and assessment
methods. Regional air quality impacts are quantified and discussed in detail in Chapter 5 of the AQTSD
(Appendix E.3B).

Modeled regional impacts were similar for Alternatives B and C for air quality and AQRVs, with Alternative C
typically showing slightly higher impacts. Alternative D was not modeled but was qualitatively assessed instead
because its emissions (and therefore impacts) would be between the other two action alternatives or lower than

either of them.

Impacts due to the Project would be higher near the Project and drop off rapidly with distance from the Project.
Although mainly impacting the immediate Project vicinity, in general, Alternative C has a larger impact across the
analysis area than Alternative B. The most noticeable difference would be expected NO; and PM; s emissions as the
larger total annual nitrogen oxides (NOx) emissions under Alternative C would lead to larger impacts to both NO,
and particulate nitrate. The modeled spatial maximum for Oz under Alternative C was higher than Alternative B by
0.3 parts per billion across the analysis area, but the spatial distribution was very similar. The three assessment areas

7 As described in Appendix E.3B, Chapter 1, Pb was not assessed due to low levels of Pb emissions from the Project and the analysis area
is in attainment for the Pb standards.
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are far from the Project, and modeled deposition and visibility impacts due to the Project at these areas were small
and below applicable thresholds.

A summary of the regional air quality modeling impacts is shown in Table 3.3.9.

Table 3.3.9. Summary of Regional Air Quality Modeling Impacts

NAAQS Impacts for PM, s and NO; in the analysis area would be typically higher for Alternative C than for Alternative B.
and Impacts for Alternative D for the criteria air pollutants other than PM ;o would be lower than Alternative C and
AAAQS higher than Alternative B because the emissions of Alternative D are typically between these two alternatives. In
the case of PM, Alternative D would have the least emissions (and therefore impacts) across all alternatives.
Alternatives B and C show generally similar impacts for Os, and Alternative D is expected to be similar as well.
Alternative C would have slightly higher (0.3 parts per billion) O3 than Alternative B. All criteria air pollutants
analyzed would be below the NAAQS and AAAQS for all action alternatives.

PSD All pollutants analyzed would be below the PSD increment thresholds for Alternative B and Alternative C.
Increments | Impacts for Alternative D would be higher than Alternative B but lower than Alternative C (or lower than both
alternatives in the case of PMi), and thus would also be lower than the PSD increment thresholds.

Deposition | Nitrogen deposition would be higher for Alternative C than Alternative B. Nitrogen deposition for Alternative D is
anticipated to be lower than Alternative C and higher than Alternative B. Sulfur deposition for all action
alternatives would be similar. The nitrogen and sulfur depositions from all action alternatives would be below the
Deposition Analysis Thresholds. The cumulative nitrogen deposition for all action alternatives would not exceed
the range of critical load of atmospheric deposition.

Visibility | Impacts for Alternatives B and C at the three assessment areas would be comparable (with Alternative C showing
slightly higher impacts during the most impaired days at Gates of the Arctic National Park and the Noatak
National Preserve), and the impact for Alternative D is anticipated to be similar. Impacts would be well below 0.5
delta deciview haze index threshold, so none of the action alternatives would contribute to visibility impairment.
Note: AAAQS (Alaska Ambient Air Quality Standards); NAAQS (National Ambient Air Quality Standards); NO, (nitrogen dioxide); Os (0zone); PM 5

(particulate matter less than 2.5 microns in aecrodynamic diameter); PM,, (particulate matter less than or equal to 10 microns in aerodynamic diameter); PSD
(Prevention of Significant Deterioration).

3.3.2.4 Near-Field Air Quality Modeling Results
The following sections provide an overview of the near-field air quality modeling results by action alternative.
Additional detail can be found in Appendix E.3B, Chapter 3.

3.3.2.4.1 Alternative A: No Action

Under the No Action Alternative, the Project would not occur. BLM and/or other federal permitting agencies would
not issue authorizations for the Project. No oil in the Project area would be produced in the near future and no new
roads, airstrips, pipelines, or other oil facilities would be constructed. Therefore, there would be no direct Project
emissions under the No Action Alternative. However, existing oil and gas exploration and development, as well as
air, ground, and marine traffic, would continue to contribute to air emissions. The No Action Alternative is used as a
baseline to aid in comparison of the anticipated local impacts among the action alternatives.

3.3.2.4.2 Alternative B: Proponent’s Project

Under Alternative B, the Project would consist of five development scenarios which were analyzed for near-field
impacts: construction, BT1 pre-drilling, BT1 and BT2 pre-drilling, developmental drilling, and routine operations.
The emissions that would come from these activities were estimated for CAPs, VOCs, and HAPs. Tables 3.3.5
through 3.3.7 show the total Project life emissions, including module delivery emissions. As reported in the AQTSD
(Appendix E.3B, Chapter 2), HAP emissions from construction and drilling activities would be substantially lower
than routine operations and thus only HAP impacts for routine operations were modeled. The near-field impact
analyses were based on the maximum emissions for the individual development scenarios. All CAP impacts for the
construction, BT1 pre-drilling, BT1 and BT2 pre-drilling, developmental drilling, and routine operation
development scenarios would be below AAQS. Table 3.3.10 provides a summary of the maximum cumulative CAP
impacts (modeled impacts with background concentrations added) for the modeling domain and at Nuigsut for each
Alternative B development scenario.® CAPs impacts at Nuigsut would be below the PSD increments. In addition,
HAP emission impacts for routine operations would be below the respective RELs and reference concentrations
(RfCs). The cancer risks for modeled individual HAPs, as well as total cancer risks across all HAPs, would be less

8 Results from the BT1 and BT2 pre-drilling scenario are in Appendix E.3B (and are below relevant standards) and are not presented here.
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than a one-in-one-million risk for all carcinogenic HAPs analyzed. HAP impacts from the construction, BT1 pre-
drilling, BT1 and BT2 pre-drilling, and developmental drilling scenarios were not directly modeled as HAP
emissions from these activities would be comparable to or lower than the results obtained for routine operations.
Maximum HAP impacts in the analysis area and estimated cancer risk at Nuigsut from routine operations are shown
in Table 3.3.11. A detailed description of the modeling results can be found in the AQTSD (Appendix E.3B,
Chapter 3).

3.3.2.4.3 Alternative C: Disconnected Infield Roads

Alternative C would have the same gravel access road between GMT-2 and the Project area as Alternative B, but it
would not include a gravel road connection from the WPF to BT1, BT2, and BT4. With no gravel road between
these facilities, there would be a second airstrip and North WOC, and a seasonal ice road would be constructed to
support annual resupply for these facilities. As shown in Tables 3.3.5 through 3.3.7, the direct emissions would be
higher than Alternative B due to increased air travel and two WOCs. Overall, the near-field CAP impacts from
Alternative C would be below the applicable NAAQS and AAAQS for all scenarios: construction, BT1 pre-drilling,
BT1 and BT2 pre-drilling, developmental drilling, and routine operations. Table 3.3.12 provides a summary of the
maximum cumulative CAP impacts (modeled impacts with background concentrations added) for the modeling
domain and at Nuiqsut for each Alternative C development scenario.’ Impacts under Alternative C would be higher
or lower than Alternatives B and D, depending on the pollutant.

The modeled Alternative C CAP concentrations at Nuigsut were below the PSD increments. Impacts during
Alternative C routine operations would be below all AAQS. Impacts under Alternative C during routine operations
would be higher than Alternatives B and D for all pollutants except 24-hour PM> 5, which is highest under
Alternative B. As with Alternative B, HAP emission impacts for routine operations would be below the respective
RELs and RfCs. The modeled cancer risks for individual HAPs, as well as total cancer risk across all HAPs, were
less than a one-in-one-million risk for all carcinogenic HAPs analyzed. HAP impacts from construction, BT1 pre-
drilling, BT1 and BT2 pre-drilling, and developmental drilling scenarios were not directly modeled as HAP
emissions from these activities would be comparable to or lower than those results obtained for routine operations.
Maximum HAP impacts in the analysis area and estimated cancer risk at Nuigsut from routine operations are shown
in Table 3.3.13. A detailed description of the modeling results can be found in the AQTSD (Appendix E.3B,
Chapter 3).

3.3.2.4.4 Alternative D: Disconnected Access

Under Alternative D, there would be no all-season gravel access road connection to the GMT and Alpine developments;
however, it would employ the same gravel infield roads as proposed under Alternative B. With this change, the CAP
emissions, other than PM o, would be higher than Alternative B due to increased air travel but lower than Alternative C.
Table 3.3.14 provides a summary of the maximum cumulative CAP impacts (modeled impacts with background
concentrations added) for the modeling domain and at Nuiqgsut for each Alternative D development scenario. Alternative
D would have lower PM o emissions (i.e., impacts) than both Alternatives B and C due to the absence of the gravel access
road. Alternative D development drilling has the highest predicted impacts of any other scenario and alternative except for
24-hour PM s, which is highest under Alternative B development drilling. Peak 1-hour NO, impacts for Alternative D
developmental drilling occur at the combined WPF/BT3 pad. The near-field impacts under Alternative D would be below
the AAQS for all CAPs. CAPs at Nuigsut under Alternative D would be below the PSD increments. As with Alternatives
B and C, all analyzed HAPs for routine operations would be below their respective RELs and RfCs. The cancer risks for
individual HAPs, as well as total cancer risk across all HAPs, were modeled and found to be less than a one-in-one-
million risk for all carcinogenic HAPs analyzed. HAP impacts were not analyzed for construction, BT1 pre-drilling, BT1
and BT2 pre-drilling, or developmental drilling as their impacts would be comparable to or less than routine operations.
Maximum HAP impacts in the analysis area and estimated cancer risk at Nuigsut from routine operations are shown in
Table 3.3.15. A detailed description of the modeling results can be found in the AQTSD (Appendix E.3B, Chapter 3).

9 Results from the BT1 and BT2 pre-drilling scenario are in Appendix E.3B (and are below relevant standards) and are not presented here.
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Table 3.3.10. Ambient Air Quali

Construction

Construction

BT1

BT1

Standards Impacts (and Percentage of Ambient Air Quality Standards) — Alternative B
Developmental Developmental

Routine

Routine

Pollutant  Averaging NAAQS/

Period AAAQS Activity Activity Pre-Drilling Pre-Drilling Drilling Activity Drilling Activity =~ Operations Operations

(ng/m?) Domain Nuigsut® Activity Domain Activity Domain Nuiqsut® Domain Nuigsut®
Maximum? Maximum?® Nuiqgsut® Maximum® Maximum?®

CO 1 hour 40,000 1,823.1 (5%) 1,341.9 (3%) 2,780.0 (7%) 1,322.8 (3%) 2,686.2 (7%) 1,327.1 (3%) 2,686.2 (7%) 1,326.4 (3%)
CO 8 hours 10,000 | 1,686.7 (17%) | 1,311.9 (13%) | 2,400.6 (24%) 1,300.1 (13%) | 2,218.4 (22%) | 1,306.1 (13%) 2,2184 (22%) | 1,306.4 (13%)
NO, 1 hour 188 133.1 (71%) 47.4 (25%) 87.2 (46%) 26.6 (14%) 156.1 (83%) 40.0 (21%) 156.1 (83%) 39.9 (21%)
NO, Annual 100 20.2 (20%) 3.6 (4%) 14.0 (14%) 3.2 (3%) 28.1 (28%) 3.4 (3%) 28.1 (28%) 33 (3%)
SO, 1 hour 196 10.5 (5%) 7.6 (4%) 11.1 (6%) 7.0 (4%) 24.8 (13%) 7.7 (4%) 24.8 (13%) 7.8 (4%)
SO, 3 hours 1,300 14.2 (1%) 9.5 (1%) 12.6 (1%) 9.1 (1%) 25.6 (2%) 9.6 (1%) 25.6 (2%) 9.6 (1%)
SO, 24 hours 365° 10.1 (3%) 9.0 (2%) 10.9 (3%) 8.9 (2%) 19.0 (5%) 9.0 2%) 19.0 (5%) 9.0 (2%)
SO, Annual 80° 2.5 (3%) 24 3%) 2.6 3%) 24 3%) 3.3 (4%) 2.4 (3%) 3.3 (4%) 24 3%)
PMio 24 hours 150 81.9 (55%) 11.0 (7%) 46.7 (31%) 10.5 (7%) 85.7 (57%) 11.4 (8%) 85.6 (57%) 11.4 (8%)
PMa.s 24 hours 35 19.3 (55%) 8.5 (24%) 17.8 (51%) 8.2 (24%) 30.4 (87%) 8.4 (24%) 30.4 (87%) 8.4 (24%)
PM,.s Annual 12 4.5 38%) 2.0 (17%) 3.9 (33%) 2.0 (16%) 6.2 (51%) 2.0 17%) 6.2 (51%) 2.0 (17%)

Note: AAAQS (Alaska Ambient Air Quality Standards); BT1 (Bear Tooth drill site 1); CO (carbon monoxide); NAAQS (National Ambient Air Quality Standards); NO, (nitrogen dioxide); PM, s (particulate matter less than 2.5
microns in aerodynamic diameter); PM;, (particulate matter less than or equal to 10 microns in aerodynamic diameter); SO, (sulfur dioxide); pg/m® (micrograms per cubic meter).

*Total concentration in micrograms per cubic meter (percentage of ambient air quality standards).

® There are no NAAQS for SO, 24-hour and annual averaging times.

Table 3.3.11. Routine Operations Activity Hazardous Air Pollutants Impacts — Alternative B

Acute Reference Max 8-Hour in Acute Exposure Cancer Risk

Reference

Max Annual in

Pollutant Max 1-hour in
Analysis Area Exposure Level Analysis Area Guideline Level Analysis Area Concentration at Nuiqsut
(ng/m’) (ng/m) (ng/m’) (ng/m’) (ng/m’) (ng/m’)
Benzene 8.8 27.0 6.0 29,000 0.2 30.0 3.25x107°
Ethylbenzene 230.7 140,000 155.4 140,000 5.0 1,000 427 x 107°
Formaldehyde 1.4 55.0 0.8 1,100 0.0 9.8 2.07 x 107
n-hexane 562.9 10,000,000 379.1 10,000,000 12.1 700 NA
Toluene 25.7 37,000 17.3 250,000 0.6 5,000 NA
Xylene 454.5 22,000 306.2 560,000 9.8 100.0 NA
Total cancer risk NA NA NA NA NA NA 9.6 x 10”°
Note: max (maximum); NA (not applicable); pg/m* (micrograms per cubic meter).
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Pollutant

Table 3.3.12. Ambient Air Quali
Averaging NAAQS/
AAAQS

Period

(ng/m’)

Construction

Activity
Domain
Maximum?

Construction
Activity
Nuiqsut®

BT1
Pre-Drilling

Activity Domain

Maximum?

BT1
Pre-Drilling
Activity
Nuigsut®

Drilling

Activity

Domain
Maximum?

Standards Impacts (and Percentage of Ambient Air Quality Standards) — Alternative C

Developmental Developmental

Drilling
Activity
Nuigsut?

Routine
Operations
Domain
Maximum?

Routine
Operations
Nuiqsut®

CO Lhour | 40,000 | 1940.0(5%) | 1,341.8(3%) | 2,7682(7%) | 1,322.8(3%) | 2,604.7(7%) | 1,332.6(3%) | 2,604.7(7%) | 15330.3 (3%)
[€0) Shours | 10,000 | 1,784.8 (18%) | 1,311.9 (13%) | 2,424.9 (24%) | 1,300.1 (13%) | 2,227.6 (22%) | 1,309.3 (13%) | 2,227.6 (22%) | 1,308.1 (13%)
NO, 1 hour 188 1522 (81%) | 50.6 (27%) 85.7 (46%) 26.8 (14%) 169.0 (90%) 38.3 (20%) 169.0 (90%) 383 (20%)
NO, Annual 100 38.5 (39%) 3.7 (4%)3 15.9 (16%) 3.2 (3%) 273 (27%) 3.4 (3%) 272 (27%) 3.4 (3%)
SO, 1 hour 196 11.2 (6%) 7.7 (4%) 11.1 (6%) 7.0 (4%) 262 (13%) 7.7 (4%) 26.1 (13%) 7.7 (4%)
SO, 3 hours 1,300 14.2 (1%) 9.6 (1%) 13.2 (1%) 9.1 (1%) 25.9 2%) 9.6 (1%) 25.9 2%) 9.6 (1%)
SO, 24hours | 365° 10.2 (3%) 9.0 2%) 11.1 3%) 8.9 2%) 19.3 (5%) 9.0 2%) 19.3 (5%) 9.0 2%)
SO, Annual 80P 2.7 (3%) 2.4 (3%) 2.6 3%) 2.4 (3%) 3.4 (4%) 2.4 (3%) 3.4 (4%) 2.4 (3%)
PM,o 24 hours 150 120.4 (80%) 11.0 (7%) 28.0 (19%) 10.5 (7%) 111.4 (74%) 11.5 (8%) 127.8 (85%) 11.5 (8%)
PM, 5 24 hours 35 24.4(710%) 8.5 (24%) 19.1 (55%) 8.2 (23%) 26.8 (16%) 8.4 (24%) 26.8 (16%) 8.4 (24%)
PM, s Annual 12 7.4 (61%) 2.0 (17%) 4.2 (35%) 2.0 (16%) 6.9 (57%) 2.0 (17%) 6.9 (57%) 2.0 (17%)

Note: AAAQS (Alaska Ambient Air Quality Standards); BT1 (Bear Tooth drill site 1); CO (carbon monoxide); NAAQS (National Ambient Air Quality Standards); NO, (nitrogen dioxide); PM, s (particulate matter less than 2.5
microns in aerodynamic diameter); PM,, (particulate matter less than or equal to 10 microns in aerodynamic diameter); SO, (sulfur dioxide); pg/m’ (micrograms per cubic meter).

*Total concentration in micrograms per cubic meter (percentage of ambient air quality standards).

® There are no NAAQS for SO, 24-hour and annual averaging times.

Table 3.3.13. Routine Operations Activity Hazardous Air Pollutants Impacts — Alternative C
Pollutant Max 1-hour in Acute Max 8-Hour in Acute Exposure

Max Annual in Reference Cancer Risk

Analysis Area Reference Level Analysis Area Guideline Level Analysis Area Concentration at Nuiqsut
(ng/m’) Exposure (ng/m’) (ng/m’) (ng/m’) (ng/m’)
(ng/m’)

Benzene 8.7 27.0 5.9 29,000 0.2 30.0 3.45x10°
Ethylbenzene 226.8 140,000 152.5 140,000 4.8 1,000 427 x10°
Formaldehyde 14 55.0 0.8 1,100 0.0 9.8 2.12x10°
n-hexane 553.3 10,000,000 372.0 10,000,000 11.6 700 NA
Toluene 253 37,000 17.0 250,000 0.5 5,000 NA
Xylene 446.8 22,000 3004 560,000 94 100.0 NA
Total cancer risk NA NA NA NA NA NA 9.8 x 10°
Note: max (maximum); NA (not applicable); pg/m* (micrograms per cubic meter).
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Table 3.3.14. Ambient Air Quality Standards Impacts (and Percenta

e of Ambient Air Quality Standards) — Alternative D

Routine Operations

Pollutant Averaging NAAQS/AAA Construction Construction Developmental Drilling Developmental Routine Operations

Period QS (ug/m3) Activity Domain Activity Nuiqsut® Activity Domain Drilling Activity Domain Maximum? Nuiqsut®

Maximum? Maximum? Nuigsut?

cO 1 hour 40,000 1,824.8 (5%) 1,342.0 (3%) 2,832.2 (7%) 1,327.2 (3%) 2,832.2 (7%) 1,326.4 (3%)
CO 8 hours 10,000 1,686.8 (17%) 1,311.9 (13%) 1,896.4 (19%) 1,305.6 (13%) 1,862.7 (19%) 1,304.4 (13%)
NO2 1 hour 188 133.3 (71%) 47.4 (25%) 174.6 (93%) 30.1 (16%) 161.7 (86%) 33.6 (18%)
NO2 Annual 100 18.8 (19%) 3.6 (4%) 26.8 (27%) 3.3 3%) 25.3 (25%) 3.3 (3%)
SO 1 hour 196 10.5 (5%) 7.6 (4%) 24.9 (13%) 7.8 (4%) 24.8 (13%) 7.8 (4%)
SOz 3 hours 1,300 14.3 (1%) 9.5 (1%) 24.7 2%) 9.6 (1%) 24.2 (2%) 9.6 (1%)
SO2 24 hours 365° 10.1 (3%) 9.0 2%) 21.1 (6%) 9.0 2%) 20.7 (6%) 9.0 2%)
SOz Annual 80P 2.5 (3%) 2.4 (3%) 3.3 (4%) 24 3%) 3.2 (4%) 2.4 (3%)
PMio 24 hours 150 122.8 (82%) 11.0 (7%) 96.6 (64%) 11.4 (8%) 93.9 (63%) 11.4 (8%)
PM2s 24 hours 35 16.9 (48%) 8.5 (24%) 28.8 (82%) 8.4 (24%) 26.3 (75%) 8.3 (24%)
PMzs Annual 12 4.3 (36%) 2.0 17%) 7.1 (59%) 2.0 (17%) 5.8 (49%) 2.0 (17%)

diameter); PM, (particulate matter less than or equal to 10 microns in aerodynamic diameter); SO, (sulfur dioxide); pg/m? (micrograms per cubic meter).
*Total concentration in micrograms per cubic meter (percentage of ambient air quality standards).
® There are no NAAQS for SO, 24-hour and annual averaging times.

Table 3.3.15. Routine Operations Activity Hazardous Air Pollutants Impacts — Alternative D

Note: AAAQS (Alaska Ambient Air Quality Standards); CO (carbon monoxide); NAAQS (National Ambient Air Quality Standards); NO, (nitrogen dioxide); PM, s (particulate matter less than 2.5 microns in aerodynamic

Pollutant Max 1-hour in Acute Reference Max 8-hour in Acute Exposure Max Annual in Reference Cancer Risk at
Analysis Area Exposure Level Analysis Area Guideline Level Analysis Area Concentration Nuiqsut
(ng/m’) (ng/m’) (ng/m’) (ng/m’) (ng/m) (ng/m’)
Benzene 8.8 27.0 5.9 29,000 0.2 30.0 3.35 %107
Ethylbenzene 2323 140,000 155.4 140,000 5.0 1,000 4.26 x 10°
Formaldehyde 1.4 55.0 0.8 1,100 0.0 9.8 2.07 x10”
n-hexane 566.7 10,000,000 379.1 10,000,000 12.1 700 NA
Toluene 25.9 37,000 17.3 250,000 0.6 5,000 NA
Xylene 457.7 22,000 306.2 560,000 9.8 100.0 NA
Total cancer risk NA NA NA NA NA NA 9.7 x 10°
Note: max (maximum); NA (not applicable); pg/m* (micrograms per cubic meter).
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3.3.2.4.5 Module Delivery Options

Option 1 (Atigaru Point Module Transfer Island), Option 2 (Point Lonely Module Transfer Island), or Option 3
(Colville River Crossing) could be selected by BLM and paired with an action alternative to support module
delivery. Air emissions from Option 1, Option 2, and Option 3 are included in the Project emissions shown in
Tables 3.3.5, 3.3.6, and 3.3.7, respectively. CAP and HAP emissions from Option 2 are roughly twice those of
Option 1 (Appendix E.3B, Attachment D). Thus, CAP impacts were modeled for Option 2 and are discussed in
the AQTSD (Appendix E.3B, Attachment D). Option 3 was also modeled explicitly to analyze impacts from
sealift barge delivery without an MTI. A summary of the maximum cumulative CAP impacts under Option 2 is
shown in Table 3.3.16. A summary of the maximum cumulative CAP impacts under Option 3 is shown in Table
3.3.17. Impacts would be below all AAQS for Option 2 and Option 3. Impacts from Option 1 would therefore also
be below all AAQS because emissions are much lower than Option 2, as discussed above. Modeled impacts
diminish rapidly with distance from both the MTI and Oliktok Dock and are negligible 25 km (16 miles) away.
Impacts for HAPs were not directly modeled for the module delivery options because HAP emissions (and thus
impacts) from these activities would be substantially lower than the routine operations scenario due to the Project
in all action alternatives that were modeled and found to be lower than relevant thresholds, as discussed in Section
3.3.2.4, Near-Field Air Quality Modeling Results.

Table 3.3.16. Ambient Air Quality Standards Impacts (and Percentage of Ambient Air Quality Standards)
— Option 2: Point Lonely Module Transfer Island Operations Activit

Pollutant Averaging Period NAAQS/AAAQS Total Concentration
(ug/m3) (ng/m3), % of AAQS

CO 1 hour 40,000 1,770.7 (4%)

CO 8 hours 10,000 1,403.5 (14%)

NO, 1 hour 188 138.6 (74%)

NO; Annual 100 3.8 (4%)

SO, 1 hour 196 8.4 (4%)

SO, 3 hours 1,300 10.1 (1%)

SO, 24 hours 365° 9.1 2%)

SO, Annual 80° 2.4 (3%)

PMio 24 hours 150 25.1 (17%)

PMys 24 hours 35 9.9 (28%)

PM, 5 Annual 12 2.0 (17%)

Note: AAQS (ambient air quality standards); AAAQS (Alaska Ambient Air Quality Standards); CO (carbon monoxide); NAAQS (National Ambient Air
Quality Standards); NO; (nitrogen dioxide); PM, s (particulate matter less than 2.5 microns in aecrodynamic diameter); PM;, (particulate matter less than or
equal to 10 microns in aerodynamic diameter); SO, (sulfur dioxide); pg/m® (micrograms per cubic meter).

* There are no NAAQS for SO, 24-hour and annual averaging times.

Table 3.3.17. Ambient Air Quality Standards Impacts (and Percentage of Ambient Air Quality Standards)
— Option 3: Colville River Crossing

Pollutant Averaging Period NAAQS/AAAQS Total Concentration
(ug/m3) (ng/m3), % of AAQS

CO 1 hour 40,000 1,552.3 (4%)

CO 8 hours 10,000 1,414.3 (14%)

NO, 1 hour 188 121.8 (65%)

NO, Annual 100 6.5 (6%)

SO, 1 hour 196 8.3 (4%)

SO, 3 hours 1,300 10.1 (1%)

SO, 24 hours 365° 9.3 3%)

SO, Annual 80° 2.5 (3%)

PMio 24 hours 150 63.4 (42%)

PM; s 24 hours 35 14.0 (40%)

PM, 5 Annual 12 2.3 (19%)

Note: AAQS (ambient air quality standards); AAAQS (Alaska Ambient Air Quality Standards); CO (carbon monoxide); NAAQS (National Ambient Air
Quality Standards); NO; (nitrogen dioxide); PM, s (particulate matter less than 2.5 microns in aecrodynamic diameter); PM;, (particulate matter less than or
equal to 10 microns in aerodynamic diameter); SO, (sulfur dioxide); pg/m® (micrograms per cubic meter).

* There are no NAAQS for SO, 24-hour and annual averaging times.
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3.3.2.5 Regional Air Modeling Results

The following sections provide an overview of the far-field (regional) modeling results by alternative. Far-field
modeling was performed using Project emissions inventories developed for Alternatives B, C, and D, as described
in the Draft EIS (Appendix E.3B, Air Quality Technical Support Document, Section 2.1, Willow Alternatives
Emissions Inventories). This was not remodeled using the emissions inventories developed for the Final EIS, the
reasons for which are described in Section 3.3.2.3.2, Regional (Far-Field) Air Impact Assessment Summary. The
AQTSD (Appendix E.3B) provides additional detail on the model configuration and assessment methods in
Chapter 4 and regional air quality impacts are quantified and discussed in Chapter 5.

3.3.2.5.1 Alternative A: No Action

No Project emissions would occur under the No Action Alternative. However, existing oil and gas exploration
and development, as well as air, ground, and marine traffic, and other regional sources would continue to
contribute air emissions.

3.3.2.5.2 Alternative B: Proponent’s Project

The modeling results show the Project and cumulative regional impacts for all pollutants would be well below the
AAQS, with very small contributions from the Project to regional cumulative air quality concentrations, except in
the immediate vicinity of the Project. The CAP impacts relative to the AAQS are quantified and discussed in
detail in Chapter 5 of the AQTSD (Appendix E.3B).

The maximum Project increments for all pollutants analyzed (NO,, PMio, PM1 5, and SO;) throughout the
modeling domain and at the three assessment areas would be well below the PSD increments (Appendix E.3B,
Chapter 5). Overall, the PSD increments indicate the Project impacts would be very small and unlikely to
deteriorate air quality values at the three assessment areas.

The nitrogen and sulfur deposition impacts from the Project would be below the DATs (Appendix E.3B; Chapter
5). The cumulative nitrogen deposition would be below or within the critical load range at all three assessment
areas.

The Project impacts on visibility, when compared to natural background conditions, indicate that the visibility
impacts would be small and Alternative B would not contribute to or cause visibility impairment in the three
assessment areas. The visibility impacts for Alternative B are quantified and discussed in detail in Chapter 5 of
the AQTSD (Appendix E.3B).

3.3.2.5.3 Alternative C: Disconnected Infield Roads
As with Alternative B, the Project and cumulative impacts for all pollutants would be well below the AAQS, with
negligible contributions from the Project to the cumulative air quality concentrations, except in the immediate

vicinity of the Project. Each of the CAP impacts relative to the AAQS are quantified and discussed in detail in
Chapter 5 of the AQTSD (Appendix E.3B).

The Alternative C maximum Project increments for all pollutants analyzed (NO, PM;o, PM> s, and SO) would be
well below the PSD increments in the analysis area and three assessment areas (Appendix E.3B; Chapter 5).
Overall, the PSD increments indicate that the Project impacts would be very small and unlikely to deteriorate the
air quality values in the three assessment areas.

The nitrogen and sulfur deposition impacts from the Project would be below the DATs (Appendix E.3B; Chapter
5). The nitrogen deposition cumulative impacts would be below or within the critical load range at all three
assessment areas.

The analysis of the visibility effects from Alternative C at the three assessment areas would be similar to those of
Alternative B. The Project impacts on visibility when compared to natural background conditions indicate that the
visibility impacts would be small and Alternative C would not contribute to or cause visibility impairment in the
three assessment areas. The regional air impacts of Alternative C are quantified and discussed in detail in Chapter
5 of the AQTSD (Appendix E.3B).

3.3.2.5.4 Alternative D: Disconnected Access
Alternative D was not assessed with the regional model because its CAP emissions (and therefore regional air
quality impacts) would be typically lower than Alternative C and higher than Alternative B, or lower than both
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Alternative B and C in the case of PMo. Therefore, all CAPs would be below the AAQS under Alternative D.
The Project impacts related to PSD increments for Alternative D would be higher than Alternative B but lower
than Alternative C, or lower than both alternatives in the case of PMio. The Project impacts would be below the
PSD increment thresholds for all CAPs in all three assessment areas. Visibility impacts would be between those
for Alternatives B and C and would be well below the 0.5-dv threshold based on the emissions, so Alternative D
would not contribute to or cause visibility impairment in the three assessment areas. Nitrogen deposition for
Alternative D is anticipated to be lower than Alternative C and higher than Alternative B based on the projected
emissions. Sulfur deposition for Alternative D would be similar to the other action alternatives. The Project-
specific nitrogen and sulfur deposition under Alternative D would be below the DATs and the cumulative
nitrogen deposition would be below or within the critical loads for nitrogen deposition.

3.3.2.5.5 Module Delivery Options

The module delivery options were not included in the regional modeling; the regional air impacts of the module
delivery in all three options would be small because the near-field modeling showed impacts that were all below
the AAQS within approximately 25 km (16 miles) of the module delivery sites. Impacts to air quality and AQRVs
at the three assessment areas would be even lower because those areas are over 100 miles away from the module
delivery option locations.

3.3.2.6 QOil Spills and Accidental Releases

Although oil spills and other accidental releases are not a planned activity, there are potential risks related to air
emissions should a spill or accidental release occur. Chapter 4.0 describes the likelihood, types, and sizes of spills
that could occur. Under all action alternatives, spills and accidental releases of oil or other hazardous materials
could occur. Spills associated with the storage, use, and transport of waste or hazardous materials (e.g., diesel,
gasoline, other chemicals) during all Project phases would likely be contained on gravel or ice pads, inside
structures, or within secondary containment structures. Therefore, these types of spills would potentially result in
VOC emissions from the spill itself as well as NOx, SO, and PM emissions associated with equipment used for
containment, transportation, and cleanup (including burning); thus, they would contribute incrementally to
increased air concentrations of VOCs, NO,, SO,, PM; s, PM o, and HAPs.

3.3.3 Unavoidable Adverse, Irretrievable, and Irreversible Effects

Although Project air emissions would occur, with the BMPs and other measures listed in Section 3.3.2.1,
Avoidance, Minimization, and Mitigation, in place, the Project would meet all air quality standards. Project
emissions and their impacts on air quality and air quality related values are unavoidable and irretrievable
throughout the life of the Project. At the end of the Project’s life, emissions would cease, and thus impacts on air
quality and air quality related values would not be irreversible.

3.4 Soils, Permafrost, and Gravel Resources

The analysis area for soils, permafrost, and gravel resources is the area within 328 feet (100 m) of proposed
ground disturbances and ice infrastructure during construction or operations (Figure 3.4.1). This area represents
the extent of potential direct and indirect affects to soils, permafrost, and gravel resources resulting from the
Project. In the Arctic, permafrost is sensitive to disturbance and thaw induced by changes to vegetation cover or
soils from the alteration of drainage patterns, soil pH, albedo, or changes in snow cover, all of which can decrease
the thickness of permafrost for decades (Jorgenson, Ver Hoef et al. 2010). Consequently, the temporal scale for
impacts to permafrost could be finite (decades) or permanent.

3.4.1 Affected Environment

The analysis area is located in the Arctic Coastal Plain (ACP) physiographic subprovince. The ACP soils are
composed of poorly drained, unconsolidated sediments transected by fluvial deposits of rivers and streams
flowing northward from the foothills to the south (Wahrhaftig 1965). The fine-grained, unconsolidated sediments
typically consist of eolian (windblown) deposits and are normally frozen with a high ice content and are about
100 feet thick. Alluvial and fluvial deposits, including active, braided channels, terraces, and deltaic deposits,
bisect the eolian sand deposits (Jorgenson, Kanevskiy et al. 2015).

The entire analysis area is underlain by continuous permafrost to depths between 650 to 2,130 feet (SNAP 2019).
Permafrost is ground that has been frozen for two or more consecutive years and is created by freezing
temperatures maintaining water in a solid state (i.e., ice) (Jorgenson, Kanevskiy et al. 2015); the active layer (the
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top layer of ground subject to annual thawing and freezing) is generally between 1 and 4 feet thick (SNAP 2019).
Active layer thickness can vary from year to year and depends on such factors as ambient air temperature, aspect,
gradient, vegetation, drainage, snow cover, water content, and soil type. Long-term permafrost temperature
monitoring shows a warming trend over the past 25 years, with the greatest warming near the coast. Available
climate data indicates warming trends in soils across the ACP with a 0.15 degree Celsius increase per year
approximately one meter below the ground surface (Urban and Clow 2018; Wang, Jafarov et al. 2018). Polygonal,
patterned ground (created when ice wedges form in the upper few feet of the ground surface) is indicative of ice-
rich soils and is a common surface feature in the analysis area, especially in lowlands; polygons may be less
apparent in drained upland areas, where vegetation can mask these surface features (Rawlinson 1993).

Gravel resources in the analysis area west of the Colville River occur near the Ublutuoch (Tinmiaqsiugvik) River,
where a new Project mine site is proposed. Gravel resources are relatively scarce in the NPR-A, especially west
and north of the Colville River (BLM 2012b). The southern portion of the NPR-A contains more abundant sand
and gravel resources. The source of these sediments is the Brooks Range, from which the wind- and water-
transported materials were originally eroded. However, as one moves north away from the Brooks Range
sediment sources, the materials become finer grained and thus less suitable for use as construction materials.
Coarser grained sediments (including gravel) are typically found along the larger rivers in the southern NPR-A
(BLM 2012b). The Clover mine site is a BLM-approved 65-acre undeveloped gravel source within the NPR-A
(BLM 2004b), Figure 3.4.1. The only existing or previously used sand and gravel sites within the NPR-A are
located around villages.

East of the Colville River, there are several existing mine sites, such as Mine Sites E and C in Kuparuk (proposed
for use in Option 3).

There is little existing infrastructure in the analysis area, although ice and snow infrastructure occur across the
North Slope. Past and present actions in the broader Project area are described in Section 3.1.1, Past and Present
Actions. Climate change is occurring on the ACP, as described in Section 3.2, Climate and Climate Change.
Increasing air temperatures (summer and winter) are likely leading to a deepening of the active layer and
degradation of permafrost, which may result in changes in vegetation communities and could affect soils in the
region given that vegetation plays a major role in the chemical properties and weathering of soil (Ping, Bockheim
et al. 1998).

3.4.2 Environmental Consequences

3.4.2.1 Avoidance, Minimization, and Mitigation

3.4.2.1.1 Applicable Lease Stipulations and Best Management Practices

Table 3.4.1 summarizes existing NPR-A IAP LSs and BMPs that apply to Project actions on BLM-managed lands
and are intended to mitigate impacts to soil, permafrost, and gravel resources from development activity (BLM
2013a). The LSs and BMPs would reduce the development footprint size and impacts related to soil compaction,
permafrost, soil hydrology, fugitive dust and prohibit activities associated with the construction, drilling, and
operation of oil and gas facilities. BLM is currently revising the NPR-A IAP (BLM 2013a), including potential
changes to required BMPs (described as ROPs in BLM [2020a]). Updated ROPs adopted in the new NPR-A [AP
will replace existing (BLM 2013a) BMPs. The Willow MDP ROD will detail which of the measures described
below will be implemented for the Project. Table 3.4.1 also summarizes new ROPs or proposed substantial
changes to existing NPR-A IAP BMPs that would help mitigate impacts to soils, permafrost, and gravel resources.
Although many of the LSs (where they are applied as BMPs) and BMPs have proposed minor language revisions,
Table 3.4.1 includes only changes that would be apparent in the paraphrased table text. Full text of the changes to
BMPs is provided in BLM (2020a).
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Table 3.4.1. Summary of Applicable Lease Stipulations and Best Management Practices Intended to
Mitigate Impacts to Soils, Permafrost, and Gravel Resources
Proposed Changes to BMPs per 2020 IAP Revisions

Description or

2013 Requirement

Objective

BMP |Minimize impacts on the |Prepare and implement a Changes do not affect text as described.

A-2  |environment from comprehensive waste
nonhazardous and management plan for all
hazardous waste phases of development.
generation.

BMP |Minimize pollution A hazardous materials Changes do not affect text as described.

A-3  |through effective emergency contingency plan
hazardous materials shall be prepared and
contingency planning. implemented before the

transportation, storage, or use
of fuel or hazardous
substances.

BMP |Minimize the impact of |Develop a comprehensive spill | Develop a comprehensive spill prevention, control, and

A-4  |contaminants on the prevention, control, and countermeasure plan, if oil storage capacity is 1,320 gallons
environment, including |countermeasure plan. or greater.
wetlands and marshes, as
a result of fuel, crude oil,
and other liquid chemical
spills.

BMP |Minimize the impacts to |Discharge of produced water in| BMP withdrawn:

A-7 |the environment of upland areas and marine waters | No similar requirement; discharges of produced fluids are
disposal of produced is prohibited. addressed by the State of Alaska under the water quality
fluids recovered during standards, wastewater discharge, and permitting requirements
the development phase. contained in 18 AAC 70, 18 AAC 72, and 18 AAC 83.

BMP |Maintain natural Withdrawal of unfrozen water |The withdrawal of unfrozen water from lakes and the removal

B-2  |hydrologic regimes in from lakes and the removal of |ofice aggregate from grounded areas 4 feet deep or less
soils surrounding lakes |ice aggregate from grounded |during winter and the withdrawal of water from lakes during
and ponds and maintain |areas less than 4 feet deep may |summer may be authorized on a site-specific basis, depending
populations of, and be authorized on a site-specific |on water volume and depth, the fish community, and
adequate habitat for, fish, | basis depending on water connectivity to other lakes or streams.
invertebrates, and volume and depth and the
waterfowl. waterbody’s fish community.

BMP |Protect stream banks, Ground operations shall be Added text:

C-2  |minimize compaction of |allowed only when frostand |- Specifications given for when ground operations would
soils, and minimize the |snow cover are at sufficient only be allowed when frost and snow cover are at a sufficient
breakage, abrasion, depths to protect tundra. Low- |depth, strength, density, and structure to protect the tundra.
compaction, or ground-pressure vehicles shall |Soils must be frozen to at least 23 degrees F at least 12 inches
displacement of be used for on-the-ground below the lowest surface height (e.g., inter-tussock space).
vegetation. activities off ice roads or pads. |Tundra travel would be allowed when there is at least 3 to 6

Bulldozing of tundra mat and |inches of snow (depending on the alternative). For
vegetation or trails is alternatives B, C, and D: snow depth and snow density must
prohibited. To reduce the amount to no less than a snow water equivalent of 3 inches
possibility of ruts, vehicles over the highest vegetated surface (e.g., top of tussock) in the
shall avoid using the same National Petroleum Reserve in Alaska.
trails for multiple trips. The — Snow survey and soil freeze-down data collected for ice
location of ice roads shall be  |road or snow trail planning and monitoring shall be submitted
designed and located to to the BLM.
minimize the compaction of |- Avoid using the same routes for multiple trips, unless
soils and the breakage, necessitated by serious safety or environmental concerns and
abrasion, compaction, or approved by the BLM. This provision does not apply to
displacement of vegetation. hardened snow trails or ice roads.
— Ice roads would be designed and located to avoid the most
sensitive and easily damaged tundra types, as much as
practicable. Ice roads may not use the same route each year;
ice roads would be offset to avoid portions of an ice road
route from the previous 2 years.

Chapter 3.4 Soils, Permafrost,

and Gravel Resources

Page 58




Willow Master Development Plan

Final Environmental Impact Statement

Description or

2013 Requirement

Proposed Changes to BMPs per 2020 IAP Revisions

Objective

BMP |Minimize the impacts of |Facilities shall be designed and | Changes do not affect text as described.

E-5 the development located to minimize the
footprint. development footprint.

BMP |Reduce the potential for |Stream and marsh crossings | Added text:

E-6  |ice-jam flooding, impacts |shall be designed and — Stream and marsh crossings will be designed on at least 1
to wetlands and constructed to ensure the free |year of relevant hydrologic data. Additional years of
floodplains, erosion, passage of fish, reduce erosion, | hydrologic data collection may be required by the BLM if
alteration of natural maintain natural drainage, and |more information is needed to design the crossing structure in
drainage patterns, and minimize adverse effects to order to attain the BMP.
restriction of fish natural streamflow. — The crossing structure design shall account for permafrost,
passage. sheet flow, additional freeboard during breakup, and other

unique conditions of the arctic environment.

— Snow survey and soil freeze-down data collected for ice
road or snow trail planning and monitoring shall be submitted
to the BLM.

— Ice roads would be designed and located to avoid the most
sensitive and easily damaged tundra types, as much as
practicable. Ice roads may not use the same route each year;
ice roads would be offset to avoid portions of an ice road
route from the previous 2 years.

BMP |Minimize the impact of |Gravel mine site design and | Added text:

E-8 |mineral materials mining |reclamation will be in — The plan shall consider locations outside the active
activities on air, land, accordance with a plan floodplain or design gravel mine sites within active
water, fish, and wildlife |approved by the BLM and in  |floodplains to serve as water reservoirs, if environmentally
resources. consultation with appropriate  |beneficial.

federal, state, and North Slope |— Incorporate as much as practicable the storage and reuse of
Borough regulatory and sod or overburden for the mine site or at other disturbed sites
resource agencies. on the North Slope.
— Removal of greater than 100 cubic yards of bedrock
outcrops, sand, and/or gravel from cliffs is prohibited.
— Any extraction of sand or gravel from an active river or
stream channel shall be prohibited unless preceded by a
hydrological study that indicates no potential impact on the
streamflow, fish, turbidity, and integrity of the river bluffs, if
present.
— Mine pit design and methods shall be engineered to
minimize permafrost regime disturbance and protect surface
stability.
— Geotechnical data collected for materials source
reconnaissance (gravel exploration) shall be submitted to
BLM.

LS G- |Ensure the long-term Prior to final abandonment, Changes do not affect text as described.

1 reclamation of land to its |land used for oil and gas See ROP M-5 for additional requirements to reduce areas of
previous condition and  |infrastructure shall be bare soil.
use. reclaimed to ensure eventual

restoration of ecosystem
function.
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Description or
Objective

2013 Requirement

Proposed Changes to BMPs per 2020 IAP Revisions

LS/ |(Rivers) Minimize the =~ |Permanent oil and gas facilities | No surface occupancy or new infrastructure, except essential
BMP |disruption of natural flow |are prohibited in the streambed |road and pipeline crossings in the following setbacks: Colville
K-1* |patterns and changes to |and adjacent to the rivers River (2- to 5-mile setback), Judy (Igalligpik) Creek (0.5- to
water quality and the listed, at the distances I-mile setback), Fish (Uvlutuuq) Creek (3-mile setback),
disruption of natural identified. Rivers in the Project | Ublutuoch (Tigmiagsiugvik) River (0.5- to 1-mile setback).
functions resulting from |area that are listed include the |Gravel mines may be located within the active floodplain,
the loss or change to Colville River (2-mile consistent with BMP E-8.
vegetative and physical |setback), Fish (Uvlutuuq)
characteristics of Creek (3-mile setback), Judy
floodplain and riparian | (Iqalligpik) Creek (0.5-mile
areas. setback), and the Ublutuoch
(Tigmiagsiugvik) River (0.5-
mile setback).
LS/ |(Deepwater Lakes) Permanent oil and gas facilities | Changes do not affect text as described.
BMP |Minimize the disruption |are prohibited on the lake or
K-2?* |of natural flow patterns |lakebed and within .25 mile of
and changes to water ordinary high water.
quality as well as the
disruption of natural
functions resulting from
the loss or change to
vegetative and physical
characteristics of
deepwater lakes.
BMP |Protect stream banks and |BLM may permit low-ground- |Changes do not affect text as described.
L-1 water quality; minimize |pressure vehicles to travel off
the compaction and of gravel pads and roads
displacement of soils; during times other than those
and minimize the identified in BMP C-2.
breakage, abrasion,
compaction, or
displacement of
vegetation.
ROP |Minimize bare soil No similar requirement. Alternatives B, C, and D: permittees will use appropriate
M-5 |Reduce areas of bare soil measures to control dust (e.g. dust palliatives and watering),
that can contribute to as outlined in dust control plans submitted to ADEC pursuant
dust emission to protect to 18 AAC 50.045(d). All action alternatives: areas of bare
human health and soil resulting from operations will be revegetated with native
subsistence resources. species within 48 months of abandonment, unless otherwise
specified in the abandonment and reclamation plan.

Source: BLM 2013a, 2020a
Note: BLM (Bureau of Land Management); BMP (best management practice); F (Fahrenheit); IAP (Integrated Activity Plan); LS (lease stipulation); ROP
(required operating procedure).
*Revisions to K LSs and BMPs are provided as a range of values reflecting different action alternatives in BLM 2020a.

All action alternatives would require deviations from existing LSs and BMPs, as detailed in Table D.4.5 in
Appendix D.1, Alternatives Development. When deviations are granted, they typically are specific to stated
Project actions or locations and are not granted for all Project actions. Deviations that would affect soil,

permafrost, and gravel resources would include those to BMPs K-1 and K-2. All action alternatives include road
and pipeline crossings of waterbodies (including one or more of the waterbodies protected in BMP K-1), a CFWR
connected to Lake M0015, and freshwater intake pipelines at Lakes L9911 and/or M0235 (varies by alternative),
previously identified deepwater lakes protected by BMP K-2 (Figure 3.10.2 in Section 3.10, Fish). As a result,
some effects to soils in these locations may be unavoidable.

3.4.2.1.2 Proponent’s Design Measures to Avoid and Minimize Effects
CPATI’s design features to avoid or minimize impacts are listed in Table 1.1.2 in Appendix I.1.
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3.4.2.1.3 Additional Suggested Avoidance, Minimization, or Mitigation
The following additional, suggested mitigation measures could reduce impacts to frozen soils, as related to the
design of embankments and roads:
1. Separate native soils from Project fill using geotextiles or fabrics
2. Use thick embankments and shallow slopes
3. Monitor thermokarsting, the depth of the active layer, and the compression of soil and vegetation in the
annual resupply ice road footprint, for footprints that are used consecutively each year

3.4.2.2 Alternative A: No Action
Under the No Action Alternative, no direct or indirect impacts to soils, permafrost, or gravel resources would
occur; however, exploration for resources, including gravel and hydrocarbons, would continue in the area.

3.4.2.3 Alternative B: Proponent’s Project

3.4.2.3.1 Thawing and Thermokarsting

Degradation of permafrost can be affected by ice content, soil or vegetation removal, and ground disturbances,
with ice-rich and thaw-unstable soils and hillsides being the most sensitive to thawing (ADNR 2018). Thawing,
ice-rich, permafrost soils create thermokarst features (periglacial topography resembling karst due to the selective
melting of permafrost) that transform the landscape by subsidence, erosion, and changes in drainages, including
channelization and ponding (USFWS 2015b). Changes in landforms due to erosion and thermokarst, such as
slumping and channelization, affect the vegetation and water characteristics of the area (USFWS 2015b).

Placement of gravel fill can cause heat transfer to underlying soils beneath pads, which could cause thermokarst
development and thaw settlement. Gravel pads would be a minimum of 5 feet thick to maintain a stable thermal
regime and to protect underlying permafrost. The average pad thickness would be 7 feet (details provided in
Appendix D.1). Thermosiphons would be installed in specified areas (e.g., near well house shelters and on
maintenance shop or warehousing facilities that are at grade) based on North Slope industry standard best
engineering practices to protect the permafrost and prevent subsidence.

Placement of gravel fill can also change surface drainage and cause permafrost thawing, subsidence, and the
accumulation of water. Project pads would be sited and oriented to minimize wind-drifted snow accumulations and
alleviate ponding. Gravel fill would cover soils and kill existing vegetation, altering the thermal active layer
indefinitely (USACE 2018, pg. 3-54). Alternative B would fill 454.1 acres with gravel infrastructure using
4,921,200 cy of gravel (Table 3.4.2).

Use of gravel infrastructure by vehicles and aircraft would create dust that would settle onto surrounding
vegetation and snow. This could increase soil alkalinity, decrease albedo, increase thermal conductivity, promote
earlier spring thaw than in surrounding areas, and lead to ground subsidence from the melting of ice-rich
sediments (Everett 1980; Myers-Smith, Arnesenm et al. 2006; Walker and Everett 1987). Where road dust
increases soil alkalinity, it can reduce plant vigor in acidic tundra (Walker and Everett 1987). The majority of
soils in the Project area have a pH between 5.5 and 7.4 (Raynolds, Walker et al. 2006); thus, the impacts may be
less compared with other areas of the ACP that have more acidic tundra, which is more vulnerable to dust
disturbance (Auerbach, Walker et al. 1997). Road dust has the greatest impact within 35 feet of a road because
this is where a majority of the dust is deposited, but it can have impacts up to 328 feet (100 m) of a road’s surface
(Myers-Smith, Arnesenm et al. 2006; Walker and Everett 1987). Impacts may occur at greater distances, but the
intensity of the impact decreases with the distance from the road. Where dust deposition leads to the melting of
massive ice wedges, thermokarsting can occur. The melted ice wedges typically form flooded low spots, which
exacerbate and spread the melting. This leads to the melt area extending laterally from the road and may lead to
melting beyond the area immediately adjacent to the road (Walker, Raynolds et al. 2014). Under Alternative B,
3,351.9 acres of dust shadow would be created, including at the Tinpmiagsiugvik Mine Site.

During winter, the deposition of airborne dust reduces the albedo of roadside snow, which initiates earlier melting
in spring and increases cumulative heat absorption of the active layer, creating a deeper active layer and making
the permafrost more prone to thermal erosion (NRC 2003; Walker and Everett 1987).

Ice roads and pads would compact vegetation and organic soil layers, which could reduce the insulating properties
and increase the potential for thermokarsting (Jorgenson, Ver Hoef et al. 2010; USFWS 2014). The magnitude of
impacts would depend on the type of vegetation affected, the snow depth, and the depth of the active layer.
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Properly constructed and maintained ice roads and pads built for a single season would have minimal impacts to
soils and permafrost; however, when ice roads are constructed in the same footprint in consecutive years, the
depth of thaw increases each year following ice road construction (Yokel and Ver Hoef 2014). Use of seasonal ice
infrastructure during construction would reduce the need for gravel infrastructure, which has a greater impact on
soils and permafrost. Alternative B would create 4,557.3 acres of ice infrastructure during construction.

Soils and vegetation can also be compressed by off-road travel, which can cause changes and disturbance to the
insulating surface vegetation layer and result in increased active layer thickness, thawing of the permafrost, and
development of thermokarst structures. Thermokarsts change the surface topography by increasing water
accumulation, changing the surface water drainage patterns, and increasing the potential for soil erosion and
sedimentation (BLM 2018a, 252; Jorgenson, Ver Hoef et al. 2010). These effects could occur in the footprint of
off-road travel. Details on vegetation damage from off-road travel, including the duration of vegetation recovery,
are in Section 3.9, Wetlands and Vegetation.

Pipeline VSMs could introduce heat and displace and disturb soils around the VSM. Heat from auguring VSMs
would likely dissipate within 1 week; heat gain through the VSM itself would be nominal if designed
appropriately. VSM installation would occur from temporary ice infrastructure; no residual or indirect impacts
would be expected from the sidecasting of cuttings because they would be removed from the ice pad and would
not be allowed to reach the ground surface.

Piles driven for bridge abutments would be installed from ice infrastructure and would have minimal surficial
disturbance and displacement of soil and permafrost outside the diameter of the pile.

Installation of culverts for stream crossings would change the airflow and thermal dynamics of the soils where
culverts are placed. As culverts allow for air flow below road embankments, a deeper active layer would form
below the exposed culvert than where the road or pad embankment is placed. If enough thaw is introduced at the
culvert crossing, settlement may occur at that location. Conversely, if the soils thaw, heaving may occur; seasonal
and differential movement may cause the failure of the culvert and road embankment. Alternative B would install
approximately 195 cross-drainage culverts and 11 culvert batteries.

Well casings from production and injection wells would transfer heat to the surrounding soils and could change
the thermal regime of the permafrost and create areas of deep thaw. Heat transfer could also occur from warm
production fluids (subsurface injections of water, drilling waste, or miscible-injectant), which can create areas of
deep thaw or changes in the thermal regime. Approximately 50 boreholes per drill pad are anticipated; vertical
settlement of thawed soils can occur and cause instability of the pad. Effects would likely occur in a 20- to 30-foot
radius around the borehole. Thaw around the boreholes could continue to widen in radius during operation of the
well and would refreeze several years after operations cease (Kutasov 2006).

The Colville River HDD crossing would be bored below the river and would have entry and exit locations set
back at least 300 feet from the riverbanks. The HDD pipeline crossing would be approximately 70 feet below the
center of the river channel and a bentonite slurry would be used to flush drill cuttings and to hold the hole open.
While the majority of the HDD pipeline would be buried below the riverbed, surficial impacts similar to those at
culvert crossings may occur at the pipeline entry and exit locations, such as thaw settlement and ponding where
soils and vegetation are disturbed.

Approximately 149.7 acres would be excavated for the gravel mine site and the CFWR, which would disturb
frozen soils and change thermal conditions at the mine and CFWR sites. This can impact groundwater
characteristics immediately adjacent to the excavation and change the movement of groundwater through soils.
Material will be excavated from the gravel mine and the CFWR during winter while soils are frozen; however, as
the rate of gravel extraction slows or ends at the end of a mining season, the taliks and water bearing zones would
be reestablished as the pit fills with water to create a pond or lake and the soils of the pit walls are exposed to
surface temperatures and allowed to thaw. Seasonal mine dewatering during mining (years 1 through 3) would
cause changes in the thermal regime because the ponded water in the pit would create thaw bulbs, or taliks. The
geographic and temporal extents of thaw would vary depending on the depth and size of the pond and local soil
conditions. Installation of soil berms around the perimeter of the mine site and the CFWR would help maintain
the thermal regime of frozen soils adjacent to the excavation. The berms would act as insulation and cause the
active layer to rise into the berm, thereby protecting the frozen soils below (near the crest of the pit) (Andersland
and Ladanyi 2003)).
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Several thermal and erosional factors contribute to slope instability, and various methods can be used to limit or
reduce slope movement within cuts made in ice-rich soils. These methods include soil retention structures,
protective surface coverings, moderate to flat cut slopes (1.5:1 to 3:1) (Andersland and Ladanyi 2003, Chapter
8.5). The 3:1 side slopes of the mine pit would help reduce the thermal impact of impounded water and stabilize
slopes (Andersland and Ladanyi 2003, Chapter 9.5); the thawing of lower angle slopes will result primarily in soil
settlement with little or no lateral movement (Andersland and Ladanyi 2003, Chapter 8.5).

Stockpiles of overburden material associated with gravel mining would be stored on ice pads prior to construction
and returned to the excavated mine pit prior to spring breakup. No effects to soils or permafrost are expected from
stockpiled material.

The Willow Mine Site Mining and Reclamation Plan (including reclamation activities) has been coordinated with
agencies and is provided as Appendix D.2 (Willow Mine Site Mining and Reclamation Plan). Upon closure, the
mine site would slowly fill with surface water from precipitation and snowmelt, which would accelerate
permafrost thaw. Water impounded in a flooded pit would likely remain unfrozen indefinitely near the bottom,
creating a thaw bulb around and beneath the pit, which may cause the excavation walls to slough and deposit
material into the pit (BLM 2018a, 250). After approximately 10 years, the pit would be full and could crest the
banks of the pit during periods of high sheet flow (expected only at spring runoff). Each mine cell would have a
low point in the mine perimeter berm (see Figure 3 in Appendix D.2) that would allow drainage from the pit at
high water. Although the mine site would not be connected to adjacent streams, water from the pit could flow
over the tundra to the Ublutuoch (Tigmiagsiugvik) River during spring breakup. Such maximum flows would
occur once per year during spring breakup; significant releases are not expected during other times of the year.
Summer releases would be infrequent or insignificant due to low summer precipitation on the North Slope.
Seasonal flow over or inundation of the tundra could cause the thawing of soils and thermokarsting below the
flow path.

At the CFWR, the presence of water in the pond would disturb frozen soils; in addition, as the soils of the CFWR
walls are exposed to surface temperatures and water, they would likely thaw; thus, the thermal regime of the area
immediately adjacent to the disturbed ground soils and vegetation may change. The walls of the CFWR would
have 6:1 side slopes, which would be flatter than the slope criteria described in Andersland and Ladanyi (2003) to
limit or reduce slope movement, generally flatter slopes are more stable. The 6:1 slopes would also help to reduce
the lateral extents of thaw beyond the boundary of the CFRW by drawing thaw bulb, or talik, further into the lake.
The CFWR is designed similar to Lake K2014 at CPF2 in Kuparuk. Although there has been no formal
monitoring of the thaw bulb or shoreline at Lake K2014, there have been no observations or operational issues
regarding stability of the lakeshore or the reservoir that have arisen since the reservoir was constructed.

Excavated material from the CFWR would be placed around the CFWR as a 7-foot-tall berm. Gravel would be
placed on top of the berm to provide a driving surface. Placement of fill can change surface drainage and cause
permafrost thawing near the toes of the berm slopes, subsidence, and the accumulation of water, as described
above regarding placement of fill for roads and pads. Fill would cover soils and kill existing vegetation, altering
the thermal active layer indefinitely (USACE 2018, pg. 3-54).

3.4.2.3.2 Gravel Resource Depletion

Little information is available regarding the extent of gravel resources throughout the NPR-A. Some gravel
exploration has occurred in the northeastern portion of the NPR-A and known gravel sources do exist, such as the
approved (but not yet permitted or developed) Clover Mine Site. The Project would permanently decrease gravel
sources near the Ublutuoch (Tigmiagsiugvik) River and further reduce the availability of gravel resources at
Kuparuk Mine Sites C and E.

Table 3.4.2. Impacts to Soils, Permafrost, and Gravel Resources by Action Alternative and Module
Delivery Option
Component Alternative B: Alternative C: Alternative D:  Option 1: Option 2: | Option 3:
Proponent's Disconnected Disconnected Atigaru Point Point Lonely | Colville

Project Infield Roads Access Module Module River
Transfer Transfer Crossing
Island Island
Acres of gravel fill 454.1 507.6 444.3 12.82 13.02 5.0
Volume of gravel fill (cubic yards) 4,921,200 5,822,200 5,908,200 397,000 446,000 118,700
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Component

Project

Alternative B: Alternative C: Alternative D:
Proponent's

Access

Option 1:
Disconnected Disconnected Atigaru Point Point Lonely Colville
Infield Roads

Module
Transfer
Island

Option 2:

Module
Transfer
Island

Option 3:

River
Crossing

Acres of excavation 166.0 166.0 166.0 0 0 0
(mine site and CFWR)

Acres of dust shadow® 3,351.9 3,348.4 2,560.3 0 0 27.5
Acres of freshwater ice 4,557.3 5,608.0 7,164.8 859.6 1,756.1 666.6
infrastructure

Number of culvert batteries 11 10 8 NA NA NA
Number of cross-drainage culverts 195 186 143 NA NA NA
Number of VSMs 13,000 13,000 13,700 0 0 0

Note: CFWR (constructed freshwater reservoir); NA (not applicable); VSMs (vertical support members).

*Fill for module transfer islands is in the marine area and would not affect permaftost.

® Area potentially altered by dust generated from vehicles or wind on gravel fill extending 328 feet (100 meters) from gravel infrastructure; Alternatives B, C,
and D include full mine site development.

3.4.2.4 Alternative C: Disconnected Infield Roads

Impacts to soils, permafrost, and gravel resources under Alternative C would be the same as identified under
Alternative B, with the following differences: Alternative C would require 53.5 more acres of gravel fill (507.6
total acres), 901,000 more cy of gravel, 1,050.7 more acres of ice infrastructure (that would have a longer duration
since it would occur seasonally throughout operations), 9 fewer cross-drainage culverts, and 1 less culvert battery.
It would also have 3.5 less acres of dust shadow (Table 3.4.2). The annual ice road (3.6 miles) that would be
required for Alternative C could be constructed in the same footprint in consecutive years throughout the life of
the Project, which would result in more compaction and thawing of soils. For these types of ice roads, the depth of
thaw increases each year following ice road construction (Yokel and Ver Hoef 2014). Thus, Alternative C would
have incrementally more impacts to soils, permafrost, and gravel resources than Alternative B.

3.4.2.5 Alternative D: Disconnected Access

Impacts to soils, permafrost, and gravel resources under Alternative D would be the same as identified under
Alternative B, with the following differences: Alternative D would require 9.8 less acres of gravel fill (444.3 total
acres), 987,000 more cy of gravel, 2,607.5 more acres of ice infrastructure (that would have a longer duration
because it would occur seasonally throughout operations), 52 fewer cross-drainage culverts, and 3 fewer culvert
batteries (Table 3.4.2). (A larger fill volume is needed for Alternative D due to topography and depth of fill.
Different alternatives require different pad thicknesses to achieve a level pad surface.) It would also have 791.6
fewer acres of dust shadow. The annual ice road (12.5 miles) that would be required for Alternative D could be
constructed in the same footprint in consecutive years throughout the life of the Project, which would result in
more compaction and thawing of soils. For these types of ice roads, the depth of thaw increases each year
following ice road construction (Yokel and Ver Hoef 2014). Overall, Alternative D would have slightly fewer
impacts to soils, permafrost, and gravel resources than Alternative B.

3.4.2.6 Module Delivery Options

3.4.2.6.1 Module Delivery Option 1: Atigaru Point Module Transfer Island

Option 1 would require 397,000 cy of gravel fill from the Tinmiagsiugvik Mine Site (Table 3.4.2). Gravel
extraction would change landforms and decrease gravel resources, as described under Alternative B, Section
3.4.2.3.1, Thawing and Thermokarsting. Option 1 would also require 859.6 acres of onshore ice infrastructure,
which would compact soils and contribute to thaw and thermokarst, as described above for Alternative B.

3.4.2.6.2 Module Delivery Option 2: Point Lonely Module Transfer Island

Option 2 would require more gravel fill (446,000 cy) from the Tigmiagsiugvik Mine Site and more onshore ice
infrastructure (1,771.1 acres) (Table 3.4.2). Both of these types of effects are described for Option 1 and
Alternative B.
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3.4.2.6.3 Module Delivery Option 3: Colville River Crossing

Option 3 would require 118,700 cy of gravel fill and 666.6 acres of onshore ice infrastructure. Option 3 would
also add 5 acres of gravel fill onshore along existing Kuparuk roads and extend the dust shadow 27.5 acres
beyond the existing dust shadow (Table 3.4.2). Effects of gravel fill on soils and permafrost are described under
Alternative B, Section 3.4.2.3.1.

3.4.2.7 QOil Spills and Other Accidental Releases

The EIS addresses accidental spills that could occur from the Project. Chapter 4.0 describes the likelihood, types,
and sizes of spills that could occur. Under all action alternatives, spills and accidental releases of oil or other
hazardous materials could occur. Spills associated with the storage, use, and transport of waste or hazardous
materials (e.g., diesel, gasoline, other chemicals) during all Project phases would likely be contained on gravel or
ice pads, inside structures, or within secondary containment structures. Therefore, these types of spills would not
be expected to impact soils, permafrost, or gravel resources.

If a spill were to occur off a gravel pad or road, the likelihood and magnitude of the impact would be influenced
not only by the spill’s size but also by the season in which it occurs. If a spill were to occur during winter, the
contaminant may not infiltrate into the substrate and cleanup would be possible by isolating the contaminant and
removing the contaminated ice and snow for proper disposal. If a spill were to occur during summer, the
contaminant may infiltrate through the active layer before encountering permafrost. In this scenario, all sediment
and contaminated soil above the permafrost may need to be treated or removed and replaced with clean material,
depending on the nature of the materials. In either case, the affected area would be limited to the area of the
spilled contaminant and the response efforts. A spill occurring in a body of water would have a higher potential
for migration and distribution of the contaminant.

Accidental releases of diesel or glycol would not likely migrate into frozen soils, but some substances that would
not freeze, such as glycol, have the potential to affect the thermal properties of soils, resulting in thawing if released
beyond gravel infrastructure. The greatest impacts to soil and permafrost resources from spills would be from
cleanup activities, as these would likely require the excavation or disturbance of soils to remove the contamination.

Seawater spills on nonfrozen soil would have effects that could potentially last many years by killing plants,
which would reduce their insulating properties. These types of spills could change the chemical composition of
soils and the presence of saline conditions would depress the freezing temperature and cause soils to thaw at
lower temperatures and potentially increase the likelihood of thermokarsting.

3.4.3 Unavoidable Adverse, Irretrievable, and Irreversible Effects

Even with LSs, BMPs, and mitigation measures, some unavoidable impacts to soils would occur but may be
reduced below a level that would be irreversible or that would result in long-term decreases in soil function in the
analysis area. Soil impacts would be irretrievable during the life of the Project and until Project closure and
reclamation is completed. If reclamation of permanent infrastructure did not occur, effects would be irreversible.
Unavoidable impacts to permafrost would be irreversible, such as water impoundments at the gravel mine site and
the CFWR because, because they would permanently change the thermal regime of the underlying soils.

3.5 Contaminated Sites

This chapter describes contaminated sites and spill locations and provides context to understand the likelihood of
encountering existing contamination during Project construction and operations. Project handling of hazardous
materials and management of hazardous wastes are described in Chapter 2.0. Unintentional releases of oil,
produced water, and seawater are discussed in Chapter 4.0.

3.5.1 Affected Environment
Records of existing contaminated sites and spills within 0.5 mile of the Project were reviewed to identify the
locations, characteristics, and quantities of existing contamination. The search results are summarized below and
in Figure 3.5.1; results are detailed in Appendix E.5, Contaminated Sites Technical Appendix.
¢ The ADEC Contaminated Sites database (ADEC 2019a) identified 13 contaminated sites within 0.5 mile of
potential Project elements. All sites have been categorized as cleanup complete and are located at Point
Lonely and Oliktok Point, making them only applicable to module delivery options.
* The ADEC Statewide Oil and Hazardous Substance Spills Database (ADEC 2019c) did not identify any
documented spills greater than 5 gallons within 0.5 mile of any potential Project elements.
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* The BLM NPR-A Legacy Wells Summary Report (BLM 2013b) indicates one legacy well (West Fish Creek
site) is within 0.5 mile of the ice road route for Option 1 (Atigaru Point Module Transfer Island). Because
ice infrastructure would not be ground disturbing and because the site is classified as a low surface and
subsurface risk, it is not discussed further in the EIS. (Low surface risk means that minor solid waste is
present, no known contaminants are present, and there is minimal impact to visual resources; low
subsurface risk means that the well penetrated oil or gas stratigraphy, but the producible oil and gas
formations are isolated or diesel is present within the wellbore but is contained with no risk of release.)

* The EPA Superfund Enterprise Management System database (EPA 2019¢) did not identify any Superfund
sites within 0.5 mile of the Project.

3.5.2 Environmental Consequences

It is very unlikely that the Project would encounter existing contamination during Project construction or
operations. The only known sites or spills are at Point Lonely, Oliktok Point, or along the Atigaru Point ice road
route, all of which would only be used during construction and would not experience excavation.

3.5.2.1 Avoidance, Minimization, and Mitigation

3.5.2.1.1 Applicable Lease Stipulations and Best Management Practices

It is unlikely the Project would encounter existing contaminated sites during construction or operations; therefore,
there are no NPR-A TAP LSs or BMPs that would apply.

3.5.2.1.2 Additional Suggested Avoidance, Minimization, or Mitigation
No additional measures are recommended to avoid or reduce the likelihood that the Project would encounter
existing contamination.

3.5.3 Unavoidable Adverse, Irretrievable, and Irreversible Effects
Since it is unlikely that the Project would encounter existing contamination sites during construction or
operations, there would be no unavoidable adverse, irretrievable, and irreversible effects.

3.6 Noise

The analysis area for noise represents the maximum distance required for most noise levels generated during
construction or operation to attenuate to ambient levels (Figure 3.6.1): 0.4 to 33.2 miles, depending on the
activity. The analysis area also includes areas beyond 33.2 miles, where there would be very short-term or
instantaneous noise events (i.e., impulsive noise such as blasting, pile driving) that are perceptible at greater
distances than the longer term, more continuous non-impulsive noise sources. Specifically, this larger analysis
area includes the community of Nuigsut and surrounding subsistence areas. Impulsive noises are quantified
separately in the analysis because their intensity, persistence, onset, and attenuation are different than other noise
events. Because air traffic can be one of the loudest non-impulsive noise events for a North Slope project, the
analysis area includes the typical flight paths for Willow air traffic. Because the Kuparuk area has a higher
ambient noise level and existing daily air traffic, the effects analysis for Willow is focused on the area west of
Mine Site F, which has a lower intensity of industrial activity and is the area where meaningful effects from noise
could occur. The temporal scale for construction-related impacts is the duration of construction (7 to 9 years),
after which construction equipment and activities would no longer produce noise. The temporal scale for drilling
and operational impacts is the life of the Project, a period of approximately 25 years. Noise from industrial
activities is a common concern for Nuigsut residents that was noted during public scoping (Appendix B.1,
Scoping Process and Comment Summary).

The EIS section focuses on human noise-sensitive receptors in the analysis area. The effects of noise on fish and
wildlife are discussed in Sections 3.10 through 3.13.

3.6.1 Affected Environment

The acoustic environment is a composite of all noise sources, both natural (e.g., wildlife, wind, water) and human-
made (e.g., traffic, construction, oil production, aircraft, hunting). Noise has the potential to affect people in the
analysis area by interfering with activities such as sleeping or conversation, or by disrupting or diminishing one’s
quality of life. Table 3.6.1 provides examples of typical noise levels and human responses for context of how
Project noise (described below) may be perceived by people.
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As noted in Table 3.6.1, sound levels of 80 to 90 A-weighted decibels!'® (ABA) typically elicit annoyance.
Annoyance describes a reaction to sound based on its physical nature as well as its emotional effect (Lamancusa
2000). Although subjective, annoyance is routinely used as a basis of evaluating environmental noise effects. The
level of annoyance is affected by the persistence of the sound, whether it is impulsive versus steady, the frequency
and magnitude of its fluctuation, and whether the receiver finds the sound to be pleasant or unpleasant. In general,
annoyance increases with the persistence of the sound, its impulsivity, and more frequent and greater fluctuations.

Noise-sensitive receptors in the analysis area are the community of Nuigsut and subsistence users. Section 3.16
describes subsistence use areas. The EIS does not analyze occupational noise exposure for oil field workers
because it is regulated separately by the Occupational Safety and Health Administration.

Ambient sound levels around Nuigsut and the lower Colville River, including the analysis area, were documented
by Stinchcomb (2017) from June through August 2016 (a period of peak subsistence use) to quantify natural
ambient sound and aircraft noise levels. Natural ambient sound levels ranged from 25 to 47 dBA, with a median
level of 35 dBA. The median sound exposure level of aircraft ranged from 55 to 69 dBA (Stinchcomb 2017).

High winds are common in the analysis area. Wind is the primary natural noise source in Nuigsut (BLM 2004a).
The community of Nuigsut and the Alpine and GMT oil field developments also contribute human-made noise
(daily air and ground traffic) to the ambient soundscape in the analysis area. The analysis area also contains the
ASRC Mine Site, which contributes impulsive and non-impulsive noise events during winter operations. The far
eastern analysis area contains the Kuparuk oil field, which is larger and has more infrastructure (including more
drilling and processing facilities), mine sites, dock facilities, and airstrips, and thus produces more ground and air
traffic than the Alpine and GMT oil fields. Thus, the ambient soundscape in the eastern analysis area is likely
higher than in the NPR-A

Table 3.6.1. Typical Noise Levels with Associated Human Perception or Response

Noise Source Noise Level (dBA) Human Perception or Response
Air raid siren 140 Painfully loud
Thunderclap 130 Painfully loud

Jet takeoft (200 feet) 120 Maximum vocal effort
Pile driver; rock concert 110 Extremely loud
Firecrackers 100 Very loud

Heavy truck (50 feet) 90 Very annoying

Hair dryer 80 Annoying

Noisy restaurant, freeway traffic 70 Telephone use difficult
Conversational speech 60 Intrusive

Light auto traffic (100 feet) 50 Quiet

Living room; bedroom 40 Quiet

Library; soft whisper (15 feet) 30 Very quiet
Broadcasting studio 20 Extremely quiet

Source: Noise Pollution Clearinghouse 2019
Note: dBA (A-weighted decibels).

3.6.2 Environmental Consequences

Propagation of sound in air is affected by distance, ground absorption or reflection, meteorological conditions, the
character of the noise, intervening topography or structures, foliage, and atmospheric absorption. An overview of
acoustic principles is provided in Appendix E.13, Marine Mammals Technical Appendix. Of these factors,
distance and the presence of intervening structures or topography tend to have the greatest effect on reducing
sounds far from the source. The noise level estimates presented in the EIS were calculated based on distance
attenuation alone and provide a conservative estimate for the analysis. The EIS assessed the distance needed for a
noise source to attenuate to the ambient level of 35 dBA and also identified potential sound levels in Nuigsut.

Both impulsive and non-impulsive noise were analyzed. These noises are different in their origin, intensity,
persistence, onset, and decay. Impulsive noise is short-term, instantaneous noise with a high intensity, short
persistence, abrupt onset, and rapid decay; impulsive noise bursts may occur in rapid succession. This type of
noise is typically created when one object strikes another object, such as a hammer striking a pile. Non-impulsive

19 Airborne sound levels are quantified using A-weighted decibels, where the decibel is a unit of sound pressure referenced to 20
micropascals (uPa). A-weighting is a system for weighting measured airborne sound levels to reflect the frequencies that people hear best.
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noise has a steady intensity and longer persistence, such as noise created by dump trucks, bulldozers, compaction
rollers, and other construction equipment. Sound levels generated by impulsive noise, such as pile driving or
blasting, may significantly exceed the ambient sound level for a very short duration. Non-impulsive, more
continuous noise sources typically emit lower levels of noise and are less likely to be audible at a distance
(described in detail below).

Multiple individual noise sources can combine to result in higher noise levels, but the combined noise is not
directly additive. Combined noise sources that differ more than 10 dBA from one another are dominated by the
louder source. For example, if blasting or pile driving is occurring, adding truck traffic would likely not increase
noise levels noticeably from blasting or pile driving alone.

3.6.2.1 Avoidance, Minimization, and Mitigation

3.6.2.1.1 Applicable Lease Stipulations and Best Management Practices

Table 3.6.2 summarizes existing NPR-A IAP LSs and BMPs that apply to Project actions on BLM-managed lands
and are intended to mitigate noise impacts from development activity (BLM 2013a). The LSs and BMPs would
reduce noise impacts to wildlife and human populations from mobile and stationary equipment associated with the
construction, drilling, and operation of oil and gas facilities. BLM is currently revising the NPR-A IAP (BLM
2013a), including potential changes to required BMPs (described as ROPs in BLM [2020a]). Updated ROPs
adopted in the new NPR-A IAP will replace existing (BLM 2013a) BMPs. The Willow MDP ROD will detail
which of the measures described below will be implemented for the Project. Table 3.6.2 also summarizes new
ROPs or proposed substantial changes to existing NPR-A IAP BMPs that would help mitigate impacts from noise.
Although many of the BMPs have proposed minor language revisions, Table 3.6.2 includes only changes that
would be apparent in the paraphrased table text. Full text of the changes to BMPs is provided in BLM (2020a).

Table 3.6.2. Summary of Applicable Lease Stipulations and Best Management Practices Intended to
Mitigate Impacts from Noise

Description or 2013 Requirement Proposed Changes to BMPs per 2020 IAP Revisions
Objective
BMP |Minimize impacts of the | Facilities shall be designed and | Added text: Where aircraft traffic is a concern, balance
E-5 development footprint. |located to minimize the gravel pad size and available supply storage capacity with
development footprint. potential reductions in the use of aircraft to support oil and

gas operations.

BMP |Minimize the take of | Aerial surveys for species will be |Changes do not affect text as described.
E-11 |species, particularly conducted prior to construction.
those listed under the | The applicant shall work with the
Endangered Species Act|[USFWS and BLM early in the
and BLM special status |design process to site roads and
species, from direct or |facilities in order to minimize
indirect interaction with |impacts to nesting and brood-

oil and gas facilities. rearing eiders and their preferred
habitats and address management
of high noise levels.
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Description or

2013 Requirement

Proposed Changes to BMPs per 2020 IAP Revisions

Objective
Minimize the effects of

BMP
F-1,
ROPs
F-2
and F-

low-flying aircraft on
wildlife, subsistence
activities, and local
communities.

Aircraft use plans are required.
Aircraft shall maintain a
specified minimum altitude in
specified locations, generally at
least 1,500 feet above ground
level and at least 3,000 in some
places.

Text moved from F-1 to ROPs F-2 and F-3.

F-2: Aircraft Use Plan

Permittees shall submit an aircraft use plan 60 days prior to
activities. Projects with landings north of 70 degrees North
latitude that will occur between June 1 and October 15 must
submit estimates of takeoffs and landings no later than April
5.
F-3: Minimum Flight Altitudes

Alternatives B, C, and D - Aircraft shall maintain the stated
minimum altitudes above ground level.

Amended flight altitudes (others remain the same):
December 1-May 1—1,500 feet over caribou winter range.
May 20—-August 20—1,500 feet over the Teshekpuk
Caribou Herd Habitat Area.

Alternative E: Except for takeoffs and landings, manned
aircraft flights for permitted activities (fixed-wing and
helicopters, unless specified) shall maintain a 1,500-foot
minimum altitude agl throughout NPR-A.

F-4: Reduce Impacts of Air Traffic on Subsistence
Resources.

— Minimize helicopter flights during peak caribou hunting
within 2 miles of important subsistence rivers. The current
peak dates are July 15 through August 15, but these dates
may be revised periodically in consultation with affected
communities and the NSB.

— Minimize aircraft use near known subsistence camps and
cabins and during sensitive subsistence hunting periods
(spring goose hunting, summer and fall caribou and moose
hunting) by adhering to the following guidelines:

— Arrange site visits and flight schedules to conduct required
activity near subsistence areas early in the season, on
weekdays, and as early in the morning as possible; avoid
holidays.

— Note whether activities overlap heavily used subsistence
rivers and determine if a potentially affected community
should be notified.

-Compare the proposed landing sites with the NSB camps
and cabins map. If activities near camps or allotments
cannot be avoided, contact the camp or allotment owner to
discuss the timing of the visit.

LS/
BMP

(Coastal Area) Protect
coastal waters and their
value as fish and
wildlife habitat;
(including, but not
limited to, that for
waterfowl, shorebirds,
and marine mammals),
minimize hindrance or
alteration of caribou
movement within
caribou coastal insect-
relief areas; protect the
summer and winter
shoreline habitat for
polar bears and the
summer shoreline
habitat for walrus and
seals.

Facilities prohibited in coastal
waters designated; vessels will
maintain 1-mile buffer from
aggregation of hauled out seals
and half-mile buffer from
walruses.

Consider the practicality of
locating facilities that necessarily
must be within this area at
previously occupied sites such as
various Husky/USGS drill sites
and DEW Line sites.

Changed to Stipulation K-5. Added text: NSO. No new
infrastructure, except essential coastal infrastructure (see
requirement/standard for essential coastal infrastructure).
The following requirements apply to authorized activities
within 1 mile of the coast:

— Permanent production well drill pads or a central
processing facility for oil or gas would not be allowed in
coastal waters or on islands between the northern boundary
of the NPR-A and the mainland or in inland areas within 1
mile of the coast. Other facilities necessary for oil and gas
production, such as barge landing, or spill response staging
and storage areas, would not be precluded. Nor would this
stipulation preclude infrastructure associated with offshore
oil and gas exploration and production or construction,
renovation, or replacement of facilities on existing gravel
sites.

— For permanent oil and gas facility in the Coastal Area,
develop and implement a monitoring plan to assess the
effects of the facility and its use on coastal habitat and use.

Chapter 3.6 Noise

Page 69



Willow Master Development Plan Final Environmental Impact Statement

Source: BLM 2013a, 20120a

Note: agl (above ground level); BLM (Bureau of Land Management); BMP (best management practice); DEW (distant early warning); IAP (Integrated
Activity Plan); LS (lease stipulation); NPR-A (National Petroleum Reserve in Alaska); NSB (North Slope Borough); NSO (no surface occupancy); ROP
(required operating procedure); USFWS (U.S. Fish and Wildlife Service); USGS (U.S. Geological Survey).

All action alternatives would require deviations from existing LSs and BMPs, as detailed in Table D.4.5 in
Appendix D.1, Alternatives Development. When deviations are granted, they typically are specific to stated
Project actions or locations and are not granted for all Project actions. Deviations that would affect noise would

include those to BMP E-11. All action alternatives would require a deviation from BMP E-11 due to the
proximity of Steller’s eiders to the Project area.

3.6.2.1.2 Proponent’s Design Measures to Avoid and Minimize Effects
CPATI’s design features to avoid or minimize impacts are listed in Table 1.1.2 in Appendix L.1.

3.6.2.1.3 Additional Suggested Avoidance, Minimization, or Mitigation
Additional suggested measures to reduce noise impacts could include the following:
1. Alter flight paths to avoid sensitive areas (such as Nuigsut); this could be part of the aircraft use plan
required in BMP F-1
2. Limit blasting to the hours of 10 a.m. to 8 p.m.

3.6.2.2 Alternative A: No Action

Under the No Action Alternative, new construction noise in the Willow area would not occur. Existing human-
made noise sources from oil and gas exploration and development; subsistence activities; and air, ground, and
marine traffic would continue to affect the soundscape.

3.6.2.3 Alternative B: Proponent’s Project

Noise levels and effects related to various elements of Alternative B are summarized in Table 3.6.3. General non-
impulsive construction equipment would occur in various locations (near gravel and ice infrastructure) through
the construction period. Blasting would be used intermittently to fracture and displace rock. Gravel mining would
occur during the winter months during construction. Impact pile driving for bridge construction would produce
substantial levels of impulsive noise for relatively short periods (days or weeks) at bridge locations.

Most non-impulsive noise sources listed in Table 3.6.3 would attenuate to ambient sound levels prior to reaching
Nuigsut and would not affect people in the community. Aircraft activity could potentially be audible in Nuigsut if
planes traveled within 20.3 miles of the community or helicopters traveled within 33.2 miles, but the sound levels
of most aircraft activity would be less than 39 dBA, which is typically considered protective of residential uses.

Impulsive noise during construction would have farther-reaching effects, but the effects would be short-lived and
instantaneous compared to other construction activities. Blasting would be very annoying near the source and
intrusive to conversation in Nuigsut. However, these noise events would be very short-lived and instantaneous.
Impact pile driving would be annoying near the source and quiet locations (similar to a living room) in Nuigsut.

Table 3.6.3. Summary of Potential Noise for All Project Phases
Noise Source Project Phase: Estimated Nearest Distance Distance to Estimated Data

Duration Sound 1,000 from Project 35dBA* Sound at Source

Feet from the Action to Nuiqsut  (miles) Nuiqsut

Source (dBA) (miles) (dBA)
Tugboats, marine vessels, |Construction: 40 33 (Oliktok Dock) 0.3 0 TORP
barges All Alts: 4 yrs Terminal LP

2009

General construction® Construction: 62 6.8 4.0 31 BLM 2018
(bulldozers, loaders, cranes, | Alts B and C: 9 yrs
etc.) Alt D: 10 yrs
Gravel mining at Construction: 62 6.8 4.0 31 BLM 2018
Tigmiagsiugvik mine site® |Alts B and D: 6 yrs
(bulldozers, loaders, Alt C: 7 yrs
crushers, screens, etc.)
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Noise Source Project Phase: Estimated Nearest Distance Distance to Estimated Data
Duration Sound 1,000 from Project 35dBA* Sound at Source
Feet from the Action to Nuiqsut (miles) Nuiqsut
Source (dBA) (miles) (dBA)
Gravel mine blasting at Construction: 90 6.8 101.9 59 Ramboll US
Tipmiaqgsiugvik mine site, |Alts B and D: 6 yrs Corporation
Lmax Alt C: 7 yrs 2017
Impact pipe pile driving, | Construction: 84 24.0 50.9 42 WSDOT
Lmax Alts B and C: 8 yrs 2015
AltD: 9 yrs
Helicopter (B206) All: 30 years 70 to 80 23.41027.9° 10.5t033.2| 27t038¢ |BLM 2004
Fixed-wing aircraft (twin | All: 30 years 69 to 81 23.41t027.9° 6.41020.3 | 26t039¢ |BLM 2004
engine)
Ground traffic All: 30 years 49 to 55 6.8 09to 1.4 18t024 |BLM 2018
Skiff traffic® Postconstruction: 63 8.1 (boat ramp on 4.7 31 NPS 2011
Summer use in Ublutuoch
perpetuity [Tipmiagsiugvik]
River)
Drill rig All: 6 years total 52 to 66 26.3 13t06.4 9t023 |ARCO
Alaska 1986
WPF Operations: > 25 52 26 1.3 9 BLM 2018
years
Flare at WPF Operations: > 25 71 26 11.8 29 USACE
years 2018

Note: Alt (alternative); > (at least); dBA (A-weighted decibels); Lmax (short-term, maximum sound level), WPF (Willow Processing Facility); yrs (years).

235 dBA is the ambient sound level in the analysis area.

® Assumes five pieces of heavy diesel equipment in operation concurrently.

¢ Alternative B: 23.7 miles, Alternative C: 23.4 miles, and Alternative D: 27.9 miles.

4 Distance calculated from the Willow airstrip. Sound levels when aircraft are directly over Nuigsut could range from 69 to 81 dBA if flying at a height of 1,000
feet. Typical flight paths from Kuparuk or Alpine to Willow would pass approximately 8 miles north of Nuigsut.

¢ Skiffs from subsistence users of boat ramps on the Ublutuoch (Tigmiaqgsiugvik) River, Judy (Igalligpik) Creek, and Fish (Uvlutuuq) Creek.

Drilling and operational noise would dominate the local soundscape but would dissipate to ambient levels as one

moves farther from the source.

Subsistence users could be affected by noise if they are within the attenuation zone for noise sources, which are
described in Table 3.6.3 and Figure 3.6.1. It is likely that subsistence users would avoid construction areas and
areas of persistent operational noise (such as the WPF) and thus physical effects from noise on subsistence users
would be minimal. The effects of avoidance of subsistence use areas, as well as effects to subsistence resources
and harvest, are described in Section 3.16.

3.6.2.4 Alternative C: Disconnected Infield Roads
Effects under Alternative C would be the same as described under Alternative B, with the following differences:

* Elimination of the gravel infield road between the WPF and BT1 would reduce some noise associated with
construction and use of the road; however, construction and use of the annual ice road between the WPF
and BT1 would generate noise during winter.

* Removal of a bridge crossing over Judy (Iqalligpik) Creek would eliminate construction related to the
bridge, including impact pile driving.

* The WPF, WOC, and airstrip would be slightly east of the Alternative B locations by approximately 0.2
mile, 0.5 mile (South WOC), and 0.3 mile (South Airstrip), respectively. This would result in slightly
increased noise levels in Nuiqgsut throughout the duration of the Project.

* Establishment of a second airstrip near BT2 would introduce construction and air traffic to another
location; however, traffic at the BT2 airstrip would originate from the South WOC and would not be heard
in Nuigsut.

*  Only the Ublutuoch (Tigmiaqsiugvik) River boat ramp would be constructed because there would not be
gravel road access to the other rivers. Though the number of potential users of each boat ramp is unknown,
if only one ramp at the Ublutuoch (Tigmiagsiugvik) River were constructed, use could be concentrated on
that river and effects could be higher. The Ublutuoch (Tigmiagsiugvik) River is closest to Nuigsut, but
sound at the boat ramp would attenuate to ambient levels and not be audible in Nuigsut.
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Although there are differences in the locations of some noise sources under Alternative C, any resulting
differences in noise received in Nuigsut would not be noticeable.

3.6.2.5 Alternative D: Disconnected Access
Effects under Alternative D would be the same as described under Alternative B, with the following differences:

* Elimination of the gravel access road between GMT-2 and the WPF would reduce some noise associated
with construction and use of the road; however, construction and use of the annual ice road between GMT-
2 and the WPF would generate noise during the winter.

* The reduction of gravel roads would result in greater volumes of air traffic during both construction and
operation and thus more incidents of aircraft-related noise.

* The location of the WPF, WOC, and airstrip would be 3.2, 3.5, and 2.3 miles west of Alternative B
locations, respectively, and thus would result in less noise in Nuigsut.

* Only the Ublutuoch (Tigmiaqgsiugvik) River boat ramp would be constructed because there would not be
gravel road access to the other rivers. Though the number of potential users of each boat ramp is unknown,
if only one ramp at the Ublutuoch (Tigmiaqgsiugvik) River were constructed, use could be concentrated on
that river and effects could be higher. The Ublutuoch (Tinmiagsiugvik) River is closest to Nuigsut, but
sound at the boat ramp would attenuate to ambient levels and not be audible in Nuigsut.

Although there are differences in the locations of some noise sources under Alternative D, any resulting
differences in noise received in Nuiqsut would not be noticeable.

3.6.2.6 Module Delivery Option 1: Atigaru Point Module Transfer Island

Construction of an MTI at Atigaru Point would produce similar noises as described under Alternative B, except
without drilling or processing facilities. Additional noise would arise from pile removal (Table 3.6.4). Impact pile
driving would produce substantial levels of impact noise for relatively short periods (days or weeks) and would be
31.1 miles from Nuiqgsut, 7.1 miles farther than Alternative B. Air traffic would originate from Alpine (year 1
only) or Willow (years 2 through 6) and when landing at Atigaru Point would produce a noise level of 26 to 27
dBA (similar to that of Alternative C) in Nuigsut. Barge traffic and screeding would occur at Atigaru Point, which
is 31.1 miles from Nuigsut (approximately 2 miles closer than Oliktok Dock). Support vessels would originate
from Oliktok Dock. Vessel traffic from either location would attenuate to ambient sound levels within 0.3 mile
and would not be heard in Nuigsut. Ice road equipment and vehicles would be 7.9 miles from Nuiqsut at their
closest point (the same as Option 2 and 4.6 miles closer than Option 3 at its closest point).

Table 3.6.4. Construction Noise Unique to Module Delivery Options 1 and 2

Noise Source Estimated Sound 1,000 | Nearest Distance Distance to 35 Estimated Sound at Data Source
feet from the Source | from Project Action  dBA? (miles) Nuiqsut (dBA)
(dBA) to Nuiqsut (miles)
Pile removal: 75 31.1t072.2° 18 23.4t030.7dBA |WSDOT 2015
Vibratory method

Note: dBA (A-weighted decibels).
435 dBA is the ambient sound level in the analysis area.
® Proponent’s MT1 is 31.1 miles from Nuigsut; Point Lonely MTI is 72.2 miles from Nuigsut.

3.6.2.7 Module Delivery Option 2: Point Lonely Module Transfer Island

Option 2 would produce the same types and levels of noise as Option 1 except most of the noise would be farther
away from Nuigsut (Table 3.6.4 and Figure 3.6.1), except for the gravel mine site. Thus, impact pile driving
would not be heard in Nuigsut since the action would be over 72 miles from the community and noise would
attenuate to ambient levels within 50.9 miles (Table 3.6.3). Similarly, air traffic landing at Point Lonely would not
be heard in Nuigsut, since the fixed-wing aircraft sound would attenuate to background levels at 20.3 miles and
helicopter traffic would attenuate at 33.2 miles. Point Lonely also has a slightly lower level of subsistence use
than Atigaru Point and thus noise in this area would have a lower impact on subsistence users. Barge traffic and
screeding would occur at Point Lonely, which is 72.2 miles from Nuiqsut (approximately 65 miles further away
than Oliktok Dock). Support vessels would originate from Oliktok Dock. Vessel traffic from either location would
attenuate to ambient sound levels within 0.3 mile and would not be heard in Nuigsut. Ice road equipment and
vehicles would be 7.9 miles from Nuigsut at their closest point (the same as Option 1 and 4.6 miles closer than
Option 3 at its closest point).
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3.6.2.8 Module Delivery Option 3: Colville River Crossing

Option 3 would produce similar types and levels of noise as Option 1 except there would be no screeding, or
impact pile driving or removal. Air traffic would originate from Alpine or Kuparuk and when landing would
produce a noise level of 26 to 27 dBA (similar to that of Alternative C) in Nuigsut. Barge traffic would occur at
Oliktok Dock, which is 33.2 miles from Nuiqsut (approximately 2 miles farther away than Atigaru Point). Ice
road equipment and vehicles would be 12.5 miles from Nuigsut at their closest point (4.6 miles further than
Options 1 or 2 at their closest point). Gravel mining would occur at Kuparuk Mine Sites C and E, which are
existing mine sites that are approximately 33 miles from Nuigsut (26 miles farther away than Options 1 or 2).

3.6.2.9 QOil Spills and Accidental Releases

Oil spills would not be a planned Project activity but were considered in the effects analysis for the Project.
Chapter 4.0 describes the likelihood, types, and sizes of spills that could occur. Depending on the time of year (as
well as the type and size of spill), boats, aircraft, trucks, and/or heavy equipment could be used to respond to the
incident. Noise effects related to the cleanup of very small to small spills, if they occur, would be similar to those
of construction noise described above and occur mainly near the vicinity of the release. Noise effects related to
clean up of a large spill, if one were to occur, could be greater, occur over a longer duration, and occur over a
larger area.

3.6.3 Unavoidable Adverse, Irretrievable and Irreversible Effects

The LSs, BMPs, and mitigation measures would reduce, but not eliminate, potential noise impacts. Noise impacts
from construction and operation would be unavoidable. Such impacts would be irretrievable during the life of the
Project but would not be irreversible, as they would cease at Project end. Accordingly, this short-term use would
not have noise-related impacts on the long-term sustainability of natural and human resources in the analysis area.

3.7 Visual Resources

Visual resources are visible features of the landscape and scenic quality is the measure of the visual appeal of a
unit of land. Visual resources and scenic quality of the NPR-A are managed through the BLM Visual Resource
Management (VRM) system (BLM 1984, 1986); VRM is not applicable on non-BLM managed lands outside of
the NPR-A (e.g., Kuparuk, State of Alaska offshore waters).

Qualitative indicators and quantitative measures of impacts used in this analysis focus on disclosure of impacts to
scenery and to viewers. BLM Visual Resource Inventories (VRIs) were used to describe the baseline affected
environment. The BLM VRM classes were used to assess Project conformance with BLM visual management
objectives in the analysis area. This conformance was determined through the completion of Visual Contrast
Rating Worksheets (Appendix E.7B, Visual Contrast Rating Worksheets).

The analysis area for visual resources is the area within line-of-sight from ground-eye-level to the tallest
components of the Project (drill rig and communications tower lighting). For this Project, that area (also known as
the viewshed) is 30 miles and includes the 0- to 5-mile foreground-middleground distance zone and the 5- to
15-mile background distance zone (Figure 3.7.1). The Project viewshed includes all areas from which the
facilities would be visible based on topographical obstruction and distance. The temporal scale of visual resource
impacts would be the life of the Project, until anthropogenic materials have been removed and reclamation
activities are complete; recovery time of disturbed vegetation would be greater than 20 to 30 years (Everett 1980),
as described in Section 3.9. If reclamation of gravel infrastructure does not occur, impacts would be permanent.

3.7.1 Affected Environment

The analysis area is characterized by slight topographic relief, 540 feet overall, and thermokarst ponds (USGS
2018). Harrison Bay (of the Beaufort Sea), the Colville River, numerous streams, and hundreds of ponds are the
dominant visual features of the ACP (Fenneman 1946). Vegetation is dominated by tundra grasses and shrub
willows and the foreground-middleground landscape has few visually distinct features. Additionally, there is
visible human infrastructure within the foreground-middleground landscape. The village of Nuigsut, population
347 (U.S. Census 2018a), is in the analysis area (Figure 3.7.1). Other human development includes ice roads,
snow and all-terrain vehicle (ATV) trails, as well as existing land disturbances and facilities associated with the
GMT and Alpine developments, approximately 10 miles east of the proposed drill sites and pads. Besides oil and
gas exploration and development, subsistence hunting and fishing are the dominant human activities in the
analysis area (CPAI 2018b).
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BLM VRI scenic quality classes (Figure 3.7.2), sensitivity level analyses (Figure 3.7.3), and distance zones
(Figure 3.7.4) combine to establish VRI classes (Figure 3.7.5). Scenic quality is the relative worth of the landscape
from a visual perception. Sensitivity level is the measure of public concern for the maintenance of scenic quality.
Distance zones are a subdivision of the landscape as viewed from an observer position (BLM 1986).

VRI classes represent the relative value of visual resources, where VRI Class I is the most valued and VRI Class
IV is the least. The analysis area is predominantly VRI Class IV (441,759 acres) and VRI Class III (1,959,963
acres), with VRI Class II present at Teshekpuk Lake and along the Colville River (209,518 acres) (Figure 3.7.5).
Scenic quality in the analysis area is predominantly Class C (low quality), with Class A (high quality) present at
Teshekpuk Lake and Class B (moderate quality) along the Colville River (Figure 3.7.2). Sensitivity levels
throughout the analysis area are high. Distance zone visibility consists of the foreground-middleground (0 to 5
miles), background (5 to 15 miles), and seldom seen (greater than 15 miles) viewing situations (BLM 1984) from
viewer locations. Viewer locations occur throughout the analysis area and are dependent on seasonality and user;
for example, the village of Nuiqgsut, at overnight-stay sites, along travel routes, and at hunting and fishing areas.

VRM classes are management decisions on how visual resources are managed in conjunction with other uses in
the NPR-A and are also assigned values of VRM Class [ to VRM Class IV (Figure 3.7.6). These VRM classes
were assigned to these lands by the NPR-A TAP/EIS (BLM 2013a) and have been updated in the 2020 BLM NPR-
A TAP Final EIS (BLM 2020a) where four new alternative VRM boundaries are presented (alternatives B, C, D,
and E; Alternative A is the same as BLM 2013a). Depending on which VRM boundaries (BLM 2013a, 2020a),
Project facilities would be located on BLM lands managed as VRM Class II, III, and IV (Figure 3.7.6 through
3.7.10). BLM 2020 identifies five VRM Class Alternatives (A, B, C, D, and E; Alternative A VRM boundaries
are the same as BLM 2013a) associated with BLM managed lands within the analysis area. Each of the VRM
alternatives are evaluated for the Project’s conformance to VRM Class objectives. Tables E.7.5 in Appendix
E.7A, Visual Resources Technical Appendix, summarize the acreages and percentages of the analysis area in the
respective VRI classes; Tables E.7.6 through E.7.10 summarize the acreages and percentages of the analysis area
by VRM class. Appendix E.7A also includes the methods used to assess VRI impacts and VRM conformance
descriptions and rationale as described in Section 3.7.2, Environmental Consequences.

3.7.2 Environmental Consequences

3.7.2.1 Avoidance, Minimization, and Mitigation

3.7.2.1.1 Applicable Lease Stipulations and Best Management Practices

Table 3.7.1 summarizes existing NPR-A IAP LSs and BMPs that would apply to Project actions on BLM-
managed lands and are intended to mitigate visual impacts from development activity (BLM 2013a). The LSs and
BMPs would reduce adverse visual impacts to the natural environment, from mobile and stationary viewing
locations, created by structures, and equipment associated with the construction, drilling, and operation of oil and
gas facilities. BLM is currently revising the NPR-A IAP (BLM 2013a), including potential changes to required
BMPs (described as ROPs in BLM [2020a]). Updated ROPs adopted in the new NPR-A TAP will replace existing
(BLM 2013a) BMPs. The Willow MDP ROD will detail which of the measures described below will be
implemented for the Project. Table 3.7.1 also summarizes new ROPs or proposed substantial changes to existing
NPR-A TAP BMPs that would help mitigate impacts to visual resources. Although many of the BMPs have
proposed minor language revisions, Table 3.7.1 includes only changes that would be apparent in the paraphrased
table text. Full text of the changes to BMPs is provided in BLM (2020a).
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Table 3.7.1. Summary of Applicable Lease Stipulations and Best Management Practices Intended to
Mitigate Visual Impacts
Description or

2013 Requirement

Proposed Changes to BMPs per 2020 IAP
Revisions

Objective

activities on air, land,
water, fish, and wildlife
resources.

by the Authorized Officer and in
consultation with appropriate federal, state,
and North Slope Borough regulatory and
resource agencies.

BMP |Protect stream banks, Ground operations shall be allowed only |- Ground operations would only be allowed when
C-2  |minimize compaction of |when frost and snow cover are at sufficient | frost and snow cover are at sufficient depth,
soils, and minimize the |depths to protect tundra. Low-ground- strength, density, and structure to protect the
breakage, abrasion, pressure vehicles shall be used for on-the- |tundra. Soils must be frozen to at least 23 degrees
compaction, or ground activities off ice roads or pads. F at least 12 inches below the lowest surface
displacement of Bulldozing of tundra mat and vegetation or | height (e.g., inter-tussock space). Tundra travel
vegetation. trails is prohibited. The location of ice would be allowed when there is at least 3 to 6
roads shall be designed and located to inches of snow (depending on the alternative).
minimize compaction of soils and the For alternatives B, C, and D: snow depth and
breakage, abrasion, compaction, or snow density must amount to no less than a snow
displacement of vegetation. Offsets may |water equivalent of 3 inches over the highest
be required to avoid using the same route |vegetated surface (e.g., top of tussock) in the
or track in the subsequent year. NPR-A.
— For alternatives B, C, and D: avoid using the
same routes for multiple trips, unless necessitated
by serious safety or environmental concerns and
approved by BLM. This provision does not apply
to hardened snow trails or ice roads.
— Ice roads would be designed and located to
avoid the most sensitive and easily damaged
tundra types, as much as practicable. For
alternatives B, C, and D: ice roads may not use
the same route each year; ice roads would be
offset to avoid portions of an ice road route from
the previous 2 years.

BMP |Maintain natural spring | Crossing of waterway courses shall be Added text:

C-3  |runoff patterns and fish |made using a low-angle approach. - In the spring, provide the BLM with

passage, avoid flooding, |Crossings that are reinforced with photographs of all stream crossings that have
prevent streambed additional snow or ice (“bridges”) shall be |been removed, breached, or slotted.
sedimentation and scour, [removed, breached, or slotted before

protect water quality, and | spring breakup. Ramps and bridges shall

protect stream banks. be substantially free of soil and debris.

BMP |Minimize impacts of the |Facilities shall be designed and located to | Added text:

E-5 development footprint. | minimize the development footprint. — Where aircraft traffic is a concern, balancing
gravel pad size and available supply storage
capacity with potential reductions in the use of
aircraft to support oil and gas operations.

BMP |Minimize the impact of |Gravel mine site design and reclamation | Added text:

E-8  |mineral materials mining |will be in accordance with a plan approved |— The Plan shall consider locations outside the

active floodplain or designing gravel mine sites
within active floodplains to serve as water
reservoirs if environmentally beneficial.

— Removal of greater than 100 cubic yards of
bedrock outcrops, sand, and/or gravel from cliffs
is prohibited.

— Any extraction of sand or gravel from an active
river or stream channel shall be prohibited unless
preceded by a hydrological study that indicates no
potential impact on streamflow, fish, turbidity,
and the integrity of the river bluffs, if present.
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Description or

Objective

2013 Requirement

Proposed Changes to BMPs per 2020 IAP
Reyvisions

interaction with
aboveground utility
infrastructure.

BMP |Prevention of migrating |Illumination of all structures between Flagging of structures shall be required, such as
E-10 |waterfowl, including August 1 and October 31 shall be designed | elevated power lines and guy wires, to minimize
species listed under the |to direct artificial exterior lighting inward |bird collisions. All facility external lighting,
Endangered Species Act, |and downward, rather than upward and during all months of the year, shall be designed to
from striking oil and gas |outward. direct artificial exterior lighting inward and
and related facilities downward or to be fitted with shields to reduce
during low light reflectivity in clouds and fog conditions, unless
conditions. otherwise required by the Federal Aviation
Administration.
BMP |Minimize the take of — Power and communication lines shall Measures related to bird collisions with
E-11 |species, particularly either be buried in access roads or infrastructure moved to ROPs E-10 and E-21.
those listed under the suspended on vertical support members
Endangered Species Act |except in rare cases. Submittal of a minimum of 3 years of site-
and BLM special status |— Communication towers should be relevant survey data will be required before
species, from direct or  |located on existing pads and as close as authorization of construction if such construction
indirect interaction with |possible to buildings or other structures,  |is within spectacled and Steller’s eider habitats.
oil and gas facilities. and on the east or west side of buildings or
other structures if possible. Support wires |Maintain a minimum of 0.5-mile buffer around
associated with communication towers and |all recorded yellow-billed loon nest sites and shall
other similar facilities, should be avoided. |be up to 1 mile where feasible.
— Maintain a 1-mile buffer around all
recorded Yellow-billed Loon nest sites and
a minimum 1,625-foot (500-meter) buffer
around the remainder of the shoreline.
BMP |Manage permitted Submit a plan to best minimize visual Changes do not affect text as described.
E-17 |activities to meet Visual |impacts. At the time of application for
Resource Management | construction of permanent facilities, the
class objectives. lessee/permittee shall submit a plan to best
minimize visual impacts, consistent with
the Visual Resource Management Class
for the lands on which facilities would be
located. A photo simulation of the
proposed facilities may be a necessary
element of the plan.
ROP |Minimize the impacts on |No similar requirement Power and communication lines shall either be
E-21 |bird species from direct |See BMP E-11. buried in access roads or suspended on vertical

support members except in rare cases.
Communications towers should be located on
existing pads and as close as possible to buildings
or other structures, and on the east or west side of
buildings or other structures if possible. Support
wires associated with communication towers and
other similar facilities should be avoided. If
support wires are necessary, they should be
clearly marked along their entire length to
improve visibility to low flying birds.
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Description or

Objective

2013 Requirement

Proposed Changes to BMPs per 2020 IAP
Reyvisions

BMP
F-1;
ROPs
F-2
and F-

Minimize the effects of

low-flying aircraft on
wildlife, subsistence
activities, and local
communities.

Aircraft shall maintain a specified
minimum altitude in specified locations,
generally at least 1,500 feet above ground
level and at least 3,000 in some places.

Text moved to ROPs F-2 and F-3:

Added text:

— F-2: Permittees shall submit an aircraft use plan
60 days prior to activities. Projects with landings
north of 70 degrees North latitude that will occur
between June 1 and October 15 must submit
estimates of takeoffs and landings no later than
April 5.

— F-3: F-3: Minimum Flight Altitudes.
Alternatives B, C, and D - Aircraft shall maintain
the stated minimum altitudes above ground level.
Amended flight altitudes (others remain the
same):

December 1-May 1—1,500 feet over caribou
winter range.

May 20—August 20—1,500 feet over the
Teshekpuk Caribou Herd Habitat Area.
Alternative E: Except for takeoffs and landings,
manned aircraft flights for permitted activities
(fixed-wing and helicopters, unless specified)
shall maintain a 1,500-foot minimum altitude
above ground level throughout NPR-A.

LS G-1

Ensure long-term
reclamation of land to its
previous condition and
use.

Prior to final abandonment, land used for
oil and gas infrastructure shall be
reclaimed to ensure eventual restoration to
the land’s previous hydrological and
vegetative condition.

Changes do not affect text as described.
— See BMP M-5 for additional requirements to
reduce areas of bare soil.

LS/
BMP
K-6*

(Coastal Area) Protect
coastal waters and their
value as fish and wildlife
habitat, minimize
hindrance or alteration of
caribou movement
within caribou coastal
insect-relief areas;
protect the summer and
winter shoreline habitat
for polar bears, and the
summer shoreline habitat
for walrus and seals;
prevent loss of important
bird habitat and alteration
or disturbance of
shoreline marshes; and
prevent impacts to
subsistence resources and
activities.

Facilities prohibited in coastal waters
designated

Changed to Stipulation K-5.

Added text:

NSO. No new infrastructure, except essential
coastal infrastructure (see requirement/standard
for essential coastal infrastructure). The following
requirements apply to authorized activities within
1 mile of the coast:

— Permanent production well drill pads or a
central processing facility for oil or gas would not
be allowed in coastal waters or on islands
between the northern boundary of the NPR-A and
the mainland or in inland areas within 1 mile of
the coast. Other facilities necessary for oil and gas
production, such as barge landing, or spill
response staging and storage areas, would not be
precluded. Nor would this stipulation preclude
infrastructure associated with offshore oil and gas
exploration and production or construction,
renovation, or replacement of facilities on
existing gravel sites.

— For permanent oil and gas facility in the Coastal
Area, develop and implement a monitoring plan
to assess the effects of the facility and its use on
coastal habitat and use.

Source: BLM 2013a, 2020a
Note: agl (above ground level); BLM (Bureau of Land Management); BMP (best management practice); F (Fahrenheit); IAP (Integrated Activity Plan); LS
(lease stipulation); NPR-A (National Petroleum Reserve in Alaska); NSO (no surface occupancy); ROP (required operating procedure).

* Revisions to K LSs and BMPs are provided as a range of values reflecting different action alternatives in BLM 2020a.

No deviations to the LSs and BMPs described in Table 3.7.1 would be required.

3.7.2.1.2 Proponent’s Design Measures to Avoid and Minimize Effects
CPATI’s design features to avoid or minimize impacts are listed in Table 1.1.2 in Appendix I.1.
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3.7.2.1.3 Additional Suggested Avoidance, Minimization, or Mitigation
The follow additional measures could reduce impacts to visual resources:
1. Include the following in the plan to minimize visual impacts (plan is required as per BMP E-17):

A. Ensure structures are a color that blends in with the background colors of the natural landscape.
All colors would be pre-approved by the BLM.

B. ROP E-7 and CPAI’s design measure 58 (Appendix 1.1, Table 1.1.2) state that a non-reflective
coating would be used on pipelines; that could be expanded to all metal structures not otherwise
painted, including but not limited to communications towers and drill rigs.

2. Minimize light visible from outside of Project facilities at all times of the year by using lighting fixtures
with lamps contained within the reflector and shading externally facing windows on buildings. This will
minimize impacts on visual aesthetics (i.e., reduce contrast from glare and artificial lighting).

3. Implement lighting controls to turn off exterior lighting at satellite pads and other unoccupied facilities
when personnel are not present, between August 1 and October 31.

3.7.2.2 Alternative A: No Action

Under Alternative A, the Project would not be constructed, although oil and gas exploration and development
would continue to occur in the analysis area. Effects from existing development to visual resources (as described
in Section 3.7.1, Affected Environment) would continue.

3.7.2.3 Impacts to Scenery Common to the Action Alternatives and Module Delivery Options

Project facilities and lighting under all action alternatives would affect scenery and people by impacting the
undisturbed characteristic landscape (including night skies). Visual contrast from Project facilities (drill rigs and
supporting infrastructure) as well as light sources during operations would cause the greatest visual impacts in
foreground-middleground views due to the broad, panoramic landscape and lack of intervening land features.
Impacts to scenic quality are based on estimated visual contrasts resulting from Project facilities and activities,
including nighttime lighting, with VRI scenic quality ratings. A summary of how Project elements affect scenic
quality is provided in Table 3.7.2.

Table 3.7.2. Impacts to Scenery Based on Visual Change to the Characteristic Landscape and Night Skies

VRI Scenic  Roads Infrastructure Drill Rigs and Module Nighttime
Quality and Pads Transport Infrastructure® Lighting
Rating

Class A Strong contrasts Strong contrasts Strong contrasts Strong contrasts
Class B Moderate contrasts | Moderate contrasts Strong contrasts Strong contrasts
Class C Weak contrasts Weak contrasts Strong contrasts Strong contrasts

Note: VRI (Visual Resources Inventory). Impact definitions: strong contrasts (Project element is dominant to the landscape and demands attention); moderate
contrasts (Project element begins to attract attention); weak contrasts (Project element can be seen but does not attract attention). See Bureau of Land
Management Manual 8431 (BLM 2012a) for detailed contrast definitions.

* Drill rigs would be present throughout drilling and operations; module delivery infrastructure would be present only during construction.

Impacts to people are determined based on the estimated contrasts caused by Project facilities, including
nighttime lighting, with VRI sensitivity levels and distance zones (0 to 5 miles [foreground-middleground] and
greater than 5 miles [background]). A summary of how Project elements affect people based on proximity is
provided in Table 3.7.3.

Table 3.7.3. Impacts to People Based on Visual Change to the Characteristic Landscape and Night Skies
Drill Rigs and Module

High Sensitivity- Infrastructure Nighttime

Visibility-Distance and Pads Transport Infrastructure® Lighting
0 to 5 miles Moderate contrasts Moderate contrasts Strong contrasts Strong contrasts
Greater than 5 miles Weak contrasts Weak contrasts Moderate contrasts Strong contrasts

* Drill rigs would be present throughout drilling and operations; module delivery infrastructure would be present only during construction.
3.7.2.4 Alternative B: Proponent’s Project

3.7.2.4.1 Impacts to Existing Visual Conditions
Due to the flat terrain in the analysis area, Project facilities and activities would impact subsistence users and
visitors who would experience observable changes and contrasts to the characteristic landscape for the life of the

Chapter 3.7 Visual Resources Page 78




Willow Master Development Plan

Final Environmental Impact Statement

Project. Project facilities and activities with visual impacts would include lighting, structural features, drill rigs,
communications towers, gravel roads, ice roads, bridges, a mine site, pipelines, stream crossings, pilings, water
intakes, flares, vehicle activity, and air and ground traffic (Appendix E.7B). These strong contrasts to scenery
would reduce the scenic quality rating of Class A landscapes (161,765 acres), Class B landscapes (20,508 acres),
and Class C landscapes (1,720,473 acres) (Figure 3.7.2). This would impact a total of 1,902,746 acres of BLM-
managed land (42.0% of Project viewshed) in the currently undisturbed high sensitivity area (including 182,273
acres [4.1% of Project viewshed] inventoried as VRI Class 1I; 1,377,831 acres [30.7% of Project viewshed]
inventoried as VRI Class 111, and 344,123.3 acres [7.7% of Project viewshed] inventoried as VRI Class IV)

(Figure 3.7.5).

In summary, the Project would result in moderate to strong contrasts to the landscape for viewers in foreground-
middleground distance zones and weak to strong contrasts in background distance zones throughout the analysis
area. The level of impact has the potential to impact visual sensitivity and reduce the scenic quality in
approximately 182,273 acres of BLM lands within the NPR-A that are currently inventoried as VRI Class 11

(Figure 3.7.5).

3.7.2.4.2

Conformance with Visual Resource Management

Conformance with BLM VRM Class objectives where Project facilities would be located is based on the Project’s
visual contrasts of forms, lines, colors, and textures (including nighttime lighting), with the characteristic
landforms in the viewshed (Appendix E.7B). BLM’s (2020) IAP Final EIS identifies four new VRM Class
alternatives (B, C, D, and E; Alternative A is the 2013a VRM boundaries). Tables E.7.2 through E.7.6 (in
Appendix E.7A) provide the acreages and percentages of sensitivity classes and distance zones based on direct
line-of-sight viewing conditions for facilities, activities, and night-sky conditions, as well as the total acres and
percentages of VRI and VRM classes. Additional information regarding Project conformance with VRM Class
objectives is provided in the Visual Contrast Rating Worksheets 1, 2, 3, and 4 in Appendix E.7B.

VRM Class objectives (BLM 2012d) are summarized as:

* VRM Class II is intended to retain the existing landscape character and while activities may be visible, they
should not attract attention. VRM Class II allows for low levels of change from the existing viewshed.

* VRM Class IlI is intended to partially retain the existing character of the landscape and activities may
attract viewer attention, but they should not dominate the view. VRM Class III allows for a moderate
change from the existing viewshed.

* VRM Class IV is intended to provide for management activities which would require major modification of
the existing landscape character and activities may attract viewer attention or dominate the view, but
activities should still be mitigated to reduce impacts to the viewshed. VRM Class IV allows for a high level
of change from the existing viewshed.

Table 3.7.4 summarizes each action alternative’s conformance to VRM Class objectives by IAP alternative.
Figures 3.7.6 through 3.7.10 show the VRM classes for BLM 2013a and 2020. Acreages of impacts by VRM
Class for BLM 2013a and 2020 are shown in tables E.7.6 through E.7.10 of Appendix E.7A.

Willow Project 2013a IAP

Table 3.7.4. Conformance with Visual Resource Mana

2020 IAP

2020 IAP

gement Class Objectives

2020 IAP

2020 IAP

Alternative Objectives® Objectives: Objectives: Objectives: Objectives:
Alternative B Alternative C Alternative D Alternative E
Alternative B:  |In conformance: all |In conformance in  |In conformance in  |In conformance in In conformance in
Proponent’s visible Project VRM Class IV VRM Class IV VRM Class IV VRM Class IV
Project facilities would be  |areas. areas. areas. areas.
located on VRM Non-conformant in |Non-conformant in |Non-conformantin | Non-conformant in
Class IV areas. VRM Class II areas. | VRM Class II areas. | VRM Class II areas. | VRM Class II areas.
No facilities in either | No facilities in VRM | No facilities in VRM |No facilities in VRM | No facilities in
VRM Class II or Class III areas. Class III areas. Class III areas. VRM Class III
Class III areas. areas.
Alternative C: Similar to Similar to Similar to Similar to Similar to
Disconnected | Proponent’s Project |Proponent’s Project |Proponent’s Project |Proponent’s Project | Proponent’s Project
Infield Roads with additional air  |with additional air ~ |with additional air | with additional air with additional air
traffic traffic traffic traffic traffic
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Willow Project 2013a IAP 2020 IAP 2020 IAP 2020 IAP 2020 IAP
Alternative Objectives® Objectives: Objectives: Objectives: Objectives:
Alternative B Alternative C Alternative D Alternative E
Alternative D: | Similar to Similar to Similar to Similar to Similar to
Disconnected | Proponent’s Project |Proponent’s Project |Proponent’s Project |Proponent’s Project | Proponent’s Project
Access with additional air  |with additional air ~ |with additional air | with additional air with additional air
traffic traffic traffic traffic traffic

Note: IAP (Integrated Activity Plan); VRM (Visual Resource Management)
? Also described as Alternative A in BLM 2020a.

3.7.2.5 Module Delivery Options

Impacts to visual resources from module delivery options would be similar to those described above for the action
alternatives in Tables 3.7.2 and 3.7.3 though the impact duration and intensity would be short-term as a result of
the module mobilization schedule occurring over two or three non-consecutive years (varies by module delivery
option). Module delivery options do have some impacts that would be unique to the marine area, including barge
and support vessel traffic, creation and abandonment of MTIs (Options 1 and 2), and onshore support which
would also be short-term in duration and intensity during two non-consecutive year for Sealift operations. These
impacts are described below.

3.7.2.5.1 Option 1: Atigaru Point Module Transfer Island

Effects to visual resources from Option 1 would include strong contrasts to the Beaufort Sea viewing environment
due to the otherwise uniform forms, lines, colors, and textures of offshore and coastal views. Both the MTI and
supporting ice infrastructure (e.g., ice roads, multi-season ice pad) at Atigaru Point would occur in a VRM Class
IV area under BLM 2013a (Alternative A in BLM 2020) and would conform with BLM management objectives.
MTI construction and operations would occur in VRM Class II for IAP (BLM 2020) alternatives B, C, D, and E,
and would not conform to VRM Class II objectives during construction and use resulting from elements of form,
line, color, and texture that are not consistent with the characteristic environment. Nonconformance would be
short term and conclude following the cease in activity, removal of temporary Project facilities, and the
abandonment of the MTI. There would be approximately 37 miles of ice roads constructed each year (for 3 non-
consecutive years) to support MTI construction and module hauling. Ice road use in the NPR-A would meet VRM
objectives for all IAP (BLM 2020) VRM Alternatives.

3.7.2.5.2 Option 2: Point Lonely Module Transfer Island

Effects to visual resources from this option would be similar to those from Option 1 but would be greater in
magnitude. Option 2 would have approximately 75 miles of ice roads, nearly double the length of ice roads as
Option 1, constructed over 3 non-consecutive winter seasons. The ice roads would meet VRM objectives for the
BLM (2013a) and BLM (2020) alternatives (A, B, C, D, and E) within the NPR-A. Option 2 would have more air
traffic, with approximately a third of that air traffic occurring at Point Lonely. Ground and air traffic are detailed
by season and option in Appendix D.1, Section 5.0. The MTI for Option 2 would also be more visible to viewers
onshore because it would be 0.6 mile from shore, whereas the MTI for Option 1 would be 1.9miles from shore
(though the sea ice road would be 2.4 miles), though both still occur within the 0- to 5- mile foreground area.
Additionally, the onshore camp (on existing gravel pads), including communications towers, and some ice
infrastructure at Point Lonely, would occur in VRM Class II areas (BLM 2013a and all alternatives in BLM 2020)
and would not conform to VRM Class II objectives during construction and use resulting from elements of form,
line, color, and texture that are not consistent with the characteristic environment. Nonconformance would be
short term and conclude following the cease in activity, removal of temporary Project facilities, and the
abandonment of the MTI. However, because the IAP allows for “construction, renovation, or replacement of
facilities on the existing gravel pads at Camp Lonely and Point Lonely ... if the facilities will promote safety or
environmental protection,” and limits VRM Class II application to those areas where new non-subsistence
infrastructure is prohibited (BLM 2013a), Option 2 would be in conformance with the IAP.

3.7.2.5.3 Option 3: Colville River Crossing

Effects to visual resources from Option 3 would be less than Options 1 and 2. The use of the existing Oliktok
Dock and staging area (approximately 2 miles south of the Oliktok Dock), as well as the use of existing gravel
roads between the staging area and Kuparuk DS2P, would not introduce new delivery infrastructure or light
sources as compared to Options 1 and 2 that occur within the NPR-A. There would also be less ground, air, and
sea traffic compared to Options 1 and 2 (Appendix D.1, Section 5.0). The 100-person camp for winter ice road
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construction located near Kuparuk DS2P would be similar to ice road camps associated with Options 1 and 2 and
have similar visual impacts. Option 3 would have approximately 3.5 miles more ice road length than Option 1 and
approximately 33.5 miles less ice road length than Option 2 (on a per-season basis during module delivery). The
construction and use of the ice road west of Kuparuk DS2P to GMT-2 would have similar visual impacts as ice
roads associated with Options 1 and 2. There would be 40.1 miles of ice roads associated with Option 3 module
delivery over 2 non-consecutive construction seasons with approximately 13.8 miles occurring on BLM-managed
lands within the NPR-A. The ice road would meet VRM objectives under the BLM (2013a) and BLM (2020)
VRM alternatives (A, B, C, D, and E) within the NPR-A (Appendix E.7B, VCRW Worksheets 4, 5, and 6).

3.7.2.6 Oil Spills and Accidental Releases

Oil spills would not be a planned Project activity but were considered in the effects analysis for the Project.
Chapter 4.0 describes the likelihood, types, and sizes of spills that could occur. Depending on the time of year (as
well as the type and size of spill), boats, aircraft, trucks, and/or heavy equipment could be used to respond to the
incident. Visual resource impacts to scenery and to people related to cleanup of very small to small spills, if they
occur, would be similar to those of construction described above and occur mainly near the vicinity of the release.
Effects related to cleanup of a large spill, if one were to occur, could be greater, occur over a longer duration, and
over a larger area.

In the very unlikely event that a reservoir blowout occurred at one of the drill sites (likelihood approaching zero
as described in Chapter 4.0), the extent of the accidental release could be much larger and could distribute an
aerial mist of oil over tundra vegetation as described in Chapter 4.0. A blowout could reach nearby freshwater
lakes and stream channels. However, a reservoir blowout is unlikely to reach Harrison Bay, due to the distance to
the drill sites and the sinuous nature of the streams in the area (CPAI 2018a).

Because oil, diesel fuel, and seawater spills on nonfrozen plants or soil could kill plants, effects may be visible on
the landscape for many years. Seawater spills on salt-tolerant plants may be less visible on the landscape.

3.7.3 Unavoidable Adverse, Irretrievable and Irreversible Effects

The LSs, BMPs, and mitigation measures would reduce, but not eliminate, potential impacts. Visual impacts from
construction and operation would be unavoidable and irretrievable throughout the life of the Project. Impacts on
BLM-managed lands would not be irreversible, nor would they impact long-term sustainability of visual resources
in the analysis area if reclamation was completed. If reclamation of permanent infrastructure did not occur, effects
would be irreversible.

3.8 Water Resources

The analysis area for surface water resources is the watersheds in which Project activities or infrastructure would
occur (Figure 3.8.1), as well as the groundwater aquifers contained therein, and the nearshore area of Harrison
Bay near Atigaru Point, Point Lonely, and Oliktok Point. This encompasses all waterbodies and aquifers
potentially affected by the Project, including potential downstream effects. The temporal scale for construction-
related impacts is the duration of construction activities. The temporal scale for infrastructure created during
construction would be the life of the infrastructure until it is removed.

3.8.1 Affected Environment
The analysis area is in the ACP, which drains to the Beaufort Sea. It is characterized by low relief, continuous
permafrost, and numerous lakes (Stuefer, Arp et al. 2017).

3.8.1.1 Surface Waters

Surface water (rivers, shallow streams, lakes, and ponds) hydrology is influenced by low precipitation, relatively
flat topography, and the poorly drained tundra underlain by continuous permafrost. The surface waters in the
analysis area generally begin to freeze in September or October and thaw in late May or early June. The annual
hydrologic cycle is dominated by an approximately 3-week spring breakup characterized by snowmelt runoff,
overland flow, higher than average stream flows, and overbank flooding in about half the years.

Existing development and infrastructure in the analysis area occur from oil and gas developments (GMT, Alpine,
Nuna, Oooguruk, and Kuparuk), decommissioned Distant Early Warning (DEW) Line sites, and the community
of Nuigsut. More gravel infrastructure occurs on the east side of the Colville River, where there are roads, mine
sites, airstrips, reservoirs, pipelines, processing facilities, a dock (Oliktok Dock), and seawater treatment facility.
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On the west side of the river, gravel infrastructure is focused in the lower reaches of the Ublutuoch
(Tigmiagsiugvik) and Fish (Iqalligpik) Creek basins and in the Colville River Delta (CRD) (Figure 3.8.2). The
existing infrastructure and development activities (traffic, dust suppression, drilling, processing, etc.) have
constructed structures in waterbodies, contribute dust and sediment to waterbodies, withdraw freshwater for use
throughout the year, and increase the potential for spills entering waterbodies. Seasonal ice infrastructure and
associated water withdrawal occur annually to support oil and gas exploration. The freshwater and marine areas
are used for subsistence and research and have a relatively minor amount of associated boat, foot, air, and off-road
vehicle traffic.

Climate change is occurring on the ACP, which could contribute to degradation of permafrost and alter the
hydrologic regime across the region through melting of ground ice, which affects development of drainage
features (e.g., the melting of ice wedges within patterned ground polygons, the expansion in number or size of
thaw lakes).

3.8.1.1.1 Rivers

The largest rivers in the Willow area are the Colville River, the Kalikpik River, Fish Creek (Uvlutuuq and
Iqalligpik channels), Judy Creek (Kayyaaq and Iqalligpik channels), and the Ublutuoch (Tigmiaqsiugvik) River
(Figures 3.8.1 and 3.8.2). Streamflow in these rivers is seasonal, with the highest discharge occurring during
spring snowmelt (late May to mid-June). Flows are usually lowest (at or near 0 cubic feet per second [cfs]) from
November through April for the largest rivers and for even longer periods for the smaller streams. Snow and ice
blockage at the time of peak stage and peak discharge can influence water surface elevations (WSEs) in these
streams and rivers. The riverbeds in all channels of Fish and Judy creeks are highly mobile when compared to the
riverbeds of similarly sized streams east of the CRD and thus may have deeper scour depths (i.e., riverbed
erosion). Table 3.8.1 summarizes existing conditions of the largest rivers in the Willow area. Appendix E.8A,
Water Resources Technical Appendix, provides details of large rivers and small streams, including (where
available) descriptions of the locations at which monitoring has occurred, descriptions of the snow and ice
conditions at breakup (including cross-sections showing the magnitude of the impact), spring-peak-discharge and
spring-peak-stage measurements, summer stage and discharge measurements, riverbed movement measurements,
and median riverbed material size. Modeling of the floodplain at the Project stream crossings indicates that for
most of the streams in the Willow area, the floodplain is limited to a very narrow area (Figures 3.8.3 and 3.8.4);
the floodplains for Fish (Uvlutuuq) Creek and Judy (Iqalliqpik) Creek are wider.

Almost all of the tributary streams on the east side of the Colville River freeze to the bottom in winter, except for
the lower reaches of the Itkillik River and one unnamed stream and lake complex near Ocean Point. These
waterbodies have documented unfrozen water in winter (i.e., overwintering fish habitat, detailed in Section 3.10).
The Itkillik River is different than other eastside tributaries of the lower Colville River in that it originates in the
Brooks Range and thus is longer and drains a larger area than the other tundra rivers. It is one of the largest
tributaries of the Colville River on its east side (Figure 3.8.2). Details of small waterbodies crossed by ice
infrastructure are not described in the EIS because exact ice road routes are not yet determined and there are
numerous small waterbodies on the North Slope.

The Colville River is the largest waterbody in the analysis area, and the ice infrastructure used to cross it would be
substantial, and thus this waterbody is detailed in the EIS. The Colville River drains approximately 30% of the
North Slope of Alaska and is summarized in Table 3.8.1. There is no gaging station on the Colville River at
Ocean Point; the closest gaging stations are at Umiat (RM 117) and at Monument 1 (RM 26.5); Figure 3.8.2.
Although neither of these existing gages measures winter flow at Ocean Point, Umiat is more closely
representative of Ocean Point than Monument 1 because Umiat is upstream of the influence of saltwater intrusion
and tidal backwatering from the CRD and Monument 1 is not. The average monthly mean discharge at Umiat in
winter (December through April) ranged from 84 to 3.1 cfs from 2002 to 2019 (USGS 2020b), as shown in Table
E.8.1 in Appendix E.8A. (The range of mean monthly discharge for December through April was 132.2 to 0.0 cfs;
Table E.8.1 in Appendix E.8A.) Note that the Colville River is more than 2,000 feet wide at Umiat and that by
late winter the flow is contained to a very small channel within that width. In other words, the ice across 99% of
the channel is frozen to the bottom, but somewhere within that width there is a very small channel with flow.

Downstream from Umiat the probability of having flow in every month of the year increases as the drainage area
increases. Similarly, the magnitude of the flow is likely to increase roughly proportional to the drainage area
increase. Thus, when the average monthly mean April flow is 3.1 cfs at Umiat, where the drainage area is
approximately 13,860 square miles, the average monthly mean April flow may be 1.5 times than that near Nuigqsut
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(4.7 cfs), where the drainage area is 20,670 square miles. Therefore, flow at Ocean Point is likely higher than flow
at Umiat.

More data and a description of the Colville River at Ocean Point are provided in Appendix E.8A and Appendix
E.8B, Ocean Point Technical Memorandum.

3.8.1.1.2 Lakes and Ponds

Lakes are the most common hydrologic surface water feature in the analysis area (Figure 3.8.5). Shallow lakes
and ponds (<7 feet deep) dominate the analysis area, but lakes up to 27 feet deep also exist. Shallow waterbodies
freeze to the bottom in winter and thaw by the end of June. Deeper lakes generally have free water under the ice
and provide a source of water year-round. Lakes in the analysis area recharge through three mechanisms:
snowmelt, overbank flooding from nearby streams, and rainfall (BLM 2014).

Lakes in the Willow area were sampled in the summers of 2017 (31 lakes) and 2018 (47 lakes) to identify
possible sources of freshwater (McFarland, Morris et al. 2017b; McFarland, Morris, Moulton et al. 2019b). Lake
volume varied from 22 to 3,209 MG, and maximum depth varied from 4.2 to 29.9 feet. Lake M0015 (R0056) is
proposed to be connected to the CFWR and Lake L9911 and/or M0235 are proposed as potable water sources
(varies by alternative). Lake L9911 has an estimated volume of 1,585.8 MG, and at the time of sampling in July
2004, a maximum depth of 8.0 feet, turbidity of 0.7 to 1.0 nephelometric turbidity unit (NTU), and pH of 7.9 to
8.2 units. Lake M0235 has an estimated volume of 237.0 MG, a maximum depth of 7.7 feet, and at the time of
sampling in August 2002, a turbidity of 1.2 NTU and pH of 7.7 units (CPAI 2019a, 2020b).

3.8.1.1.3 Freshwater Water Quality

Most freshwaters in the NPR-A are considered pristine (BLM 2012b). Limited data on surface water quality in the
analysis area (McFarland, Morris et al. 2017a, 2017b; McFarland, Morris, Moulton et al. 2019b; McFarland,
Morris, Moulton, Moulton et al. 2019) indicate it is generally good and meets Alaska water quality standards.
Water quality data for freshwaters in the Willow area are summarized in Table 3.8.2. No fresh waterbodies are
listed as impaired by Alaska Department of Environmental Conservation on its CWA Section 303(d) list (ADEC
2018a), though absence of listing does not indicate that a waterbody meets water quality standards since data may
not be available for all waterbodies. The CWA Section 303(d) list includes waterbodies in which one or more
water quality criteria are not attained or waterbodies that are impaired for at least one designated use.

Turbidity in lakes and streams is naturally high during spring breakup but otherwise is generally low. Lakes in the
ACP generally have lower pH values in the winter months, due in part to the ice exclusion process (that occurs
during freeze-up). This natural process causes pH to be seasonally below water quality standards even in natural
conditions. It may also cause turbidity to increase with depth in winter. Both conditions typically cease with
spring breakup. During summer, turbidity may be higher in shallower lakes than deeper lakes due to wind mixing.

North Slope freshwater can also be naturally high in barium (Guay and Falkner 1998). Ponds and local streams
are often colored from dissolved organic matter and iron, and most fresh waterbodies in the NPR-A have low
turbidity and dissolved oxygen near saturation.

Fecal contamination above Alaska water quality standards may naturally occur in areas with dense avian, caribou,
and lemming populations. Cold water temperatures tend to prolong the viability of fecal coliform.

During spring breakup, and to a lesser extent during summer rainfall-driven high-water events, the Colville River
carries suspended sediment (SS) from the foothills of the Brooks Range and has higher turbidity than any of the
smaller rivers originating within the ACP. Most of the annual sediment load is carried between May and October,
with approximately 62% flowing to the CRD during 13 days in spring breakup (May and June) (Walker and
Hudson 2003). For example, sediment transport at Nuiqsut can range from 467,000 tons per day in June to less
than 100 tons per day during the low-flow period in July (USGS 2016). For the majority of the year, most flowing
freshwaters have low SS concentrations and therefore low turbidity. From midsummer through freeze-up, SS
concentrations decrease to as low as 3 parts per million in the Colville River at Nuigsut (USGS 2016) with
measured turbidity as low as 0.7 NTU.

Ocean Point on the Colville River is upstream of the saltwater intrusion influence, which can reach at least 30
miles upstream from Harrison Bay in winter (Arnborg, Walker et al. 1962), and is thought to be just upstream
from the Itkillik River. Thus, measurements of winter flow and water surface elevation at Ocean Point are more
reliable than locations downstream. Table 3.8.2 shows water quality data for the Colville River at Umiat.

Chapter 3.8 Water Resources Page 83



Willow Master Development Plan

Final Environmental Impact Statement

Table 3.8.1. Summary of Largest Rivers Near the Willow Area

Characteristic

Kalikpik

River

Fish Creek
(Uvlutuuq and Iqalligpik)

Judy Creek
(Kayyaaq and Iqalliqpik)

Ublutuoch (Tipmiagsiugvik)
River

Colville River

Drainage area (square
miles)

264

2152

385

236

13,860 at Umiat,
20,670 at Nuigsut

Receiving waters

Harrison Bay

Harrison Bay

Fish (Iqalligpik) Creek at RM 26

Fish (Iqalligpik) Creck at RM 10

Harrison Bay

Headwaters

Arctic Coastal Plain

Brooks Range foothills

Brooks Range foothills

Arctic Coastal Plain

De Long Mountains,
Brooks Range

Channel character in
Project area

Relatively low
gradient, sinuous
channel with sand

Relatively low gradient, sinuous
channel with sand and gravel bed and
banks

Relatively low gradient, sinuous
channel with sand and gravel
bed and banks

Relatively low gradient, sinuous
channel with sand and gravel
bed and banks

Low gradient; at Ocean Point reach,
channel transitions from upstream
multiple serpentine meanders to

driver

and gravel bed and downstream single meandering
banks channel

Tributaries that None Judy (Kayyaaq and Iqgalliqpik) Judy (Kayyaaq) Creek, Bills Creek None

intersect Project’s Creek?® Ublutuoch (Tigmiagsiugvik) | Willow Creek 1, 2, 3, and 4

gravel infrastructure or River?, and Willow Creek 8

mine site

Primary flood-event Spring breakup Spring breakup Spring breakup Spring breakup Spring breakup

Observed conditions
affecting annual peak

Snow and ice in
channel and on

Snow and ice in channel and on
floodplain, and ice jams

Snow and ice in channel and on
floodplain, and ice jams

Snow and ice in channel and on
floodplain

Snow and ice in channel and on
floodplain

along the outside of meander bends

observed along the outside of
meander bends

WSEs and WSE at floodplain.

time of annual peak

discharge

Bank erosion NA Undercutting and sloughing observed | Undercutting and sloughing NA Sloughing and eroding bluff on south

(right) bank at Ocean Point (transect 6
in Michael Baker International 2019)

Spring breakup
monitoring record

RM21.8 (Kal 1): 1

RM 32.4: 17 seasons of stage and

season of stage data;
no observed peak
discharge information
available

discharge data, median observed
spring peak discharge 3,370 cfs
RMs 11.7,12.6,18.4,25.1,32.4,

RM 7: 17 seasons of stage and
discharge data, median observed
spring peak discharge 4,770 cfs
RMs 13.8,16.5,21.4, and 31.1:

43.3. and 55.5: 1-5 seasons of stage
(and sometimes discharge) data

1-7 seasons of stage (and
sometimes discharge) data

RM 13.7: 17 seasons of stage
and discharge data, median
observed spring peak discharge
1,700 cfs

RMs 6.8, 8.0, 13.5, 14.5, and
15.5: 1-8 seasons of stage (and
sometimes discharge) data

Nuigsut (RM 26.5, Monument 1): 28
seasons of stage and discharge data
(MBI 2019)

Umiat (RM 90): 17 seasons of stage
and discharge data, median observed
spring peak discharge is 188,000 cfs

Summer monitoring |RM 21.8 (Kal 1): 1 RM 32.4: 17 seasons of stage and RM 7: 17 seasons of stage and | RM 13.7: 17 seasons of stage Umiat: 17 seasons of stage and
record season of stage data | discharge data discharge data and discharge data discharge data from (USGS 2020b)
RM 55.5: 1 season of stage data RM 21.4: 1 season of stage data Ocean Point: 2 discharge
measurements from September 2019
(Michael Baker International 2019)
Winter monitoring None None None None Umiat: 17 seasons of discharge data
record (USGS 2020b)

Ocean Point: 1 measurement from
2007 and 2 measurements from winter
2019/2020 (including average floating
ice thickness, average water under ice,
and average velocity)
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Characteristic Kalikpik Fish Creek

River

Judy Creek

Ublutuoch (Tinmiagsiugvik)
River

Colville River

(Uvlutuuq and Iqalligpik)
Water quality record®

Just upstream of BT4: | Uvlutuuq channel just upstream of

(Kayyaaq and Iqalliqpik)
Judy (Kayyaaq) Creek near BT1:

Bills Creek: 2 summers of data

2 summers of data

of data

proposed road crossing: 2 summers

2 summers of data

Umiat: 6 summers of data

Ocean Point: 2 transects sampled
September (Michael Baker
International 2019), December 2019
(CPAI2019d), and February 2020
(CPAI 2020b; Michael Baker
International 2020))

Existing infrastructure | None
in basin

GMT-1, GMT-2

None

GMT-1, GMT-2, and Alpine
CD5

Nuigsut, Umiat, Alpine oil field, Nuna
development, ASRC Mine Site

Note: ASRC (Arctic Slope Regional Corporation); BT1 (Bear Tooth drill site 1); BT4 (Bear Tooth drill site 4); CD (Colville Delta); cfs (cubic feet per second); GMT (Greater Mooses Tooth); Kal 1 (Kalikpik gauging
station at RM 21.8); NA (not applicable); RM (river mile); WSE (water surface elevation). Source data and detailed information on the rivers in this table are provided in Appendix E.8A, Water Resources Technical

Appendix. Data for Colville River at Umiat are from USGS gaging station 15870000 (USGS 2020b).
* Drainage area does not include the tributary basins of Judy (Kayyaaq and Iqalliqpik) Creek and Ublutuoch (Tigmiaqgsiugvik) River, which are calculated separately, as shown in Figure 3.8.1. The drainage area for all

three hydrologic unit codes is 836 square miles.
® Water quality data are described in Section 3.8.1.1.3, Freshwater Water Quality.

Table 3.8.2. Water Quality Data for Rivers, Streams, and Lakes in and near the Willow Area

Waterbody Water Temperature (degrees Turbidity (NTU) pH Range
Celsius)
Colville River at Umiat® 0.2t018.3 2 7.2t08.0
Colville River at Ocean Point” 0.1to 10 Not taken Not taken
Kalikpik River 2.7t018.9 2.1t014.9 7.7 t0 8.1
Fish (Uvlutuuq) Creek 3210184 2.5t031.9 7.6108.0
Judy (Kayyaaq) Creek 3.5t016.9 1.41t012.8 6.9 t0 8.1
Judy (Iqalligpik) Creek 37t017.9 2.7t034.1 7.3t084
Ublutuoch (Tigmiagsiugvik) River, Bills Creek 2.7t017.0 043t05.0 741079
Willow Creek 1 341t018.1 0.7t011.6 6.81t08.3
Willow Creek 2 3.0t018.0 0.4 t028.2 7.2108.1
Willow Creek 3 (July only) 11.0t0 13.9 1.31t033.3 7.7108.2
Willow Creek 4 3.7t017.8 0.5t04.3 7.0t08.3
Willow Creek 4A 3.61t018.7 0.7 t0 25.7 72107.7
Willow Creek 8 39t018.3 0.7t019.0 7.0t07.9
Lakes® 6.61017.7 0.5t08.1 691084

Note: NTU (nephelometric turbidity units). Data collected in summer 2017 and 2018.

Source: MBI 2020; McFarland, Morris, Moulton, and Moulton 2017a, 2017b, 2019; McFarland, Morris, Moulton, Moulton et al. 2019; USGS 2020

* Water temperature data at Umiat from 1969, 1975, 1978, 2005, and 2007. Turbidity measurement is from 1975 and thus is reported in Jackson Turbidity Units not NTU.
® Based on three measurements taken in September and December 2019 and February 2020, detailed in Appendix E.8A, Water Resources Technical Appendix.

¢Lake volume ranged from 22 to 3,209 million gallons and maximum depth varied from 4.2 to 29.9 feet.
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3.8.1.1.4 Marine Waters

Harrison Bay spans approximately 62 miles of coastline between Oliktok Point and Cape Halkett. The bay
contains the receiving waters for most freshwaters in the analysis area. Sediments on the nearshore Beaufort Sea
continental shelf consist primarily of mud, with some coarser material. Sediments tend to be coarser grained
closer to shore and in shallower water depths due to wave and current winnowing, with finer grained sediment
farther from shore and at deeper water depths (Carey, Ruff et al. 1981). The nearshore waters are most influenced
by river input but are also affected by processes offshore in the deep basin, such as currents. During the open-
water season, surface currents are primarily wind driven close to shore. Coastal upwelling contributes to the high
productivity of such environments (Bakun 1973). Ice covers the sea for up to 9 months of the year, generally from
September to May (North Pacific Fishery Management Council 2009). The thickness of bottom-fast ice near the
CRD at the end of the winter season averages about 5.2 feet (Dodds and Richmond 2017 as cited in Michael
Baker International 2017). Ice movement onto shore during wind-driven events causes scouring and trenching and
can seasonally alter the shoreline. Sea ice pressure ridges scour and gouge the seafloor and move sediments,
creating natural, seasonal disruptions of the seafloor.

Harrison Bay has an average tidal range of 0.5 foot, which is generally overshadowed by storm surges and wind-
induced waves (USACE 2018). During open-water season, water circulation is dominated by prevailing northeasterly
winds. In winter, ice becomes bottom-fast in water less than 5 feet deep (Weingartner, Danielson et al. 2017).

The shelf of the Beaufort Sea in Harrison Bay at the mouth of the Colville River is shallow. The Colville River is
the dominant discharge to this bay, discharging warmer freshwater and sediment during spring and summer. In
the Oliktok Point area, 10 miles east of the mouth of the East Channel of the Colville River, outflow from the
CRD and coastal erosion transport significant amounts of SS (Dunton, Weingartner et al. 2006). From Oliktok
Point eastward, a chain of barrier islands form Simpson Lagoon. Simpson Lagoon has a relatively shallow
nearshore shelf that provides a mixing environment for turbid, sediment-bearing, freshwater inflows, such as the
Colville, Kuparuk, Sagavanirktok, and other smaller rivers. Freezing and thawing sea ice and river runoff during
the summer melting season significantly affect coastal water mass characteristics and decrease salinity. The
nearshore areas of the Beaufort Sea are fresher and more turbid compared to the deeper offshore areas, which are
clearer, colder, and more saline. Harrison Bay is sheltered from wave energy from the northwest. The area near
Atigaru Point is influenced by the sediment released by coastal erosion and the sediment load from the Colville
River. Sediment transport by the longshore current is relatively low. The coastline of Harrison Bay is
predominantly erosional (Gibbs and Richmond 2015). Although a shoal occurs near Atigaru Point, it has had little
deposition (0.06 foot/year) in the last 65 years (CPAI 2019b).

No marine waterbodies in the analysis area are listed as impaired by Alaska Department of Environmental
Conservation on its CWA Section 303(d) list (ADEC 2018a). During most of the winter season, when ice covers
the sea surface and river discharge is negligible, background levels of total suspended solids (TSS) in the
nearshore Beaufort Sea typically range from 0.1 to 0.5 milligrams per liter (mg/L) (Trefry, Rember et al. 2004).
During the spring freshet, however, when river discharge occurs prior to breakup of the sea ice, substantial
increases in TSS occur. Measurements obtained in 2001 and 2006 documented mean values of 343 and 785 mg/L,
respectively, in the Colville River (Trefry, Trocine et al. 2009). During the open-water season, nearshore TSS
values in the Beaufort Sea are governed primarily by the wave conditions, which in turn are governed by the wind
conditions. Concentrations tend to range from 5 to 15 mg/L when wind speeds range from 10 to 20 knots (11.5 to
23 mph) and 50 to 100 mg/L. when the wind speeds exceed 20 knots (23 mph) (Trefry, Trocine et al. 2009). Wind
data obtained at the mouth of the Colville River during the 2001 open-water season indicate that speeds of 10 to
20 knots (11.5 to 23 mph) occur about 49% of the time, while those greater than 20 knots (23 mph) occur about
8% of the time.

Existing marine infrastructure in the analysis area occurs at Oliktok Point, where there is a commercial sheet-pile
dock, shoreline armoring, and a saltwater treatment plant. In addition, Oooguruk Island, a 6-acre constructed
gravel island with a pipeline to shore, is located near the mouth of the Colville River. Screeding occurs with
seasonal regularity at Oliktok Dock prior to barge arrival.

3.8.1.2 Groundwater

The availability of groundwater in the analysis area is limited due to the presence of continuous permafrost on the
North Slope (BLM 2014). The groundwater is confined to shallow zones near large surface waterbodies such as
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lakes, streams, and rivers. The areas that contain groundwater, predominantly taliks (i.e., layers of unfrozen
ground occurring in permafrost), are recharged primarily with snowmelt.

Deep groundwater, although present, generally is not connected to the surface water system because permafrost
acts as a barrier (NRC 2003). Some sub-lake taliks extend through permafrost, but no connection between sub-
permafrost groundwater and surface water has been demonstrated (Hinkel, Arp et al. 2017). Deep groundwater on
the North Slope is saline (Kharaka and Carothers 1988; Sloan 1987) and is not a source of potable water.

3.8.2 Environmental Consequences

3.8.2.1 Avoidance, Minimization, and Mitigation

3.8.2.1.1 Applicable Lease Stipulations and Best Management Practices

Table 3.8.3 summarizes existing NPR-A IAP LSs and BMPs that would apply to Project actions on BLM-
managed lands and are intended to mitigate water resource impacts from development activity (BLM 2013a). The
LSs and BMPs would reduce impacts to human health and safety, fish, waterfowl and invertebrate habitat and
subsistence hunting and fishing areas associated with the construction, drilling, and operation of oil and gas
facilities. BLM is currently revising the NPR-A IAP (BLM 2013a), including potential changes to required BMPs
(described as ROPs in BLM [2020a]). Updated ROPs adopted in the new NPR-A IAP will replace existing (BLM
2013a) BMPs. The Willow MDP ROD will detail which of the measures described below will be implemented for
the Project. Table 3.8.3 also summarizes new ROPs or proposed substantial changes to existing NPR-A IAP
BMPs that would help mitigate impacts to water resources. Although many of the LSs (where they are applied as
BMPs) and BMPs have proposed minor language revisions, Table 3.8.3 includes only changes that would be
apparent in the paraphrased table text. Full text of the changes to BMPs is provided in BLM (2020a).

Table 3.8.3. Summary of Applicable Lease Stipulations and Best Management Practices Intended to
Mitigate Impacts to Water Resources

2013 Requirement Proposed Changes to BMPs per 2020 IAP Revisions
BMP |Minimize impacts on the Prepare and implement a Changes do not affect text as described.
A-2 |environment from non- comprehensive Waste

hazardous and hazardous Management Plan for all phases
waste generation. Encourage | of development.

continuous environmental | Wastewater and domestic
improvement. Protect the wastewater discharge to

health and safety of oil field |waterbodies and wetlands is

workers and the general prohibited unless authorized by a
public. Avoid human-caused | National Pollutant Discharge
changes in predator Elimination System or state
populations. permit.
BMP | Minimize pollution through |Prepare and implement a Changes do not affect text as described.
A-3 |effective hazardous hazardous materials emergency
materials contingency contingency plan before
planning. transportation, storage, or use of
fuel or hazardous substances.
BMP |Minimize the impact of Develop a comprehensive Spill | Develop a comprehensive Spill Prevention, Control, and
A-4 |contaminants on fish, Prevention, Control, and Countermeasure Plan, if oil storage capacity is 1,320
wildlife, and the Countermeasures Plan. gallons or greater.

environment, including
wetlands, marshes, and
marine waters, as a result of
fuel, crude oil, and other
liquid chemical spills.
Protect subsistence resources
and subsistence activities.
Protect public health and
safety.
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Description or Objective

2013 Requirement

Proposed Changes to BMPs per 2020 IAP Revisions

BMP |Minimize the impact of Refueling of equipment within ~ |Refueling of equipment within 100 feet of the active

A-5 |contaminants from refueling | 500 feet of the active floodplain |floodplain of any waterbody is prohibited. Fuel storage
operations on fish, wildlife, |of any waterbody is prohibited. |stations shall be located at least 100 feet from any
and the environment. Fuel storage stations shall be waterbody.

located at least 500 feet from any
waterbody.

BMP |Minimize the impacts to the |Discharge of produced water in  |BMP withdrawn:

A-7 |environment of disposal of |upland areas and marine waters is | No similar requirement; discharges of produced fluids
produced fluids recovered | prohibited. are addressed by the State of Alaska under the water
during the development quality standards, wastewater discharge, and permitting
phase on fish, wildlife, and requirements contained in 18 AAC 70, 18 AAC 72, and
the environment. 18 AAC 83.

ROP |Prevent the release of poly- |No similar requirement. At facilities where fire-fighting foam is required, use

A-13 |and perfluoroalkyl fluorine-free foam unless other state or federal
substances associated with regulations require aqueous film-forming foam use. If
the use of aqueous film- aqueous film-forming foam use is required, contain,
forming foam, a firefighting collect, treat, and properly dispose of all runoff,
foam designed to extinguish wastewater from training events, and, to the greatest
flammable and combustible extent possible, from any emergency response events.
liquids and gases.

BMP |Maintain populations of, and | Withdrawal of unfrozen water ~ |Changes do not affect text as described.

B-1 |adequate habitat for, fish and | from rivers and streams during
invertebrates. winter is prohibited.

BMP |Maintain natural hydrologic |The withdrawal of unfrozen Withdrawal of unfrozen water from lakes and the

B-2 |regimes in soils surrounding |water from lakes and the removal |removal of ice aggregate from grounded areas 4 feet
lakes and ponds and of ice aggregate from grounded |deep or less during winter and withdrawal of water from
maintain populations of, and |areas less than 4 feet deep may be|lakes during summer may be authorized on a site-specific
adequate habitat for, fish, authorized on a site-specific basis |basis depending on water volume and depth, the fish
invertebrates, and waterfowl. | depending on water volume and |community, and connectivity to other lakes or streams.

depth and the waterbody’s fish ~|BLM must be notified within 48 hours of any
community. observation of dead or injured fish on water source intake
screens, in the hole being used for pumping, or within
any portion of ice roads or pads. If observed at a
particular lake, pumping must cease
temporarily from that hole until additional preventive
measures are taken to avoid further impacts on fish.
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Description or Objective

Protect stream banks,
minimize the compaction of
soils, and minimize the
breakage, abrasion,
compaction, or displacement
of vegetation.

2013 Requirement

Ground operations shall be
allowed only when frost and
snow cover are at sufficient
depths to protect tundra. Low-
ground-pressure vehicles shall be
used for on-the-ground activities
off ice roads or pads. Bulldozing
of tundra mat and vegetation is
prohibited. Vehicles shall avoid
using the same trails for multiple
trips. The location of ice roads
shall be designed and located to
minimize compaction of soils
and the breakage, abrasion,
compaction, or displacement of
vegetation.

Proposed Changes to BMPs per 2020 IAP Revisions

Revised text:

— Ground operations would only be allowed when frost
and snow cover are at a sufficient depth, strength,
density, and structure to protect the tundra. Soils must be
frozen to at least 23 degrees F at least 12 inches below
the lowest surface height (e.g., inter-tussock space).
Tundra travel would be allowed when there is at least 3
to 6 inches of snow (depending on the alternative) . For
alternatives B, C, and D: snow depth and snow density
must amount to no less than a snow water equivalent of 3
inches over the highest vegetated surface (e.g., top of
tussock) in the NPR-A.

— For alternatives B, C, and D: avoid using the same
routes for multiple trips, unless necessitated by serious
safety or environmental concerns and approved by the
BLM. This provision does not apply to hardened snow
trails or ice roads.

— Ice roads would be designed and located to avoid the
most sensitive and easily damaged tundra types, as much
as practicable. For alternatives B, C, and D: ice roads
may not use the same route each year; ice roads would be
offset to avoid portions of an ice road route from the
previous 2 years.

BMP
C-3

Maintain natural spring
runoff patterns and fish
passage, avoid flooding,
prevent streambed
sedimentation and scour,
protect water quality, and
protect stream banks.

The crossing of waterway
courses shall be made using a
low-angle approach. Crossings
that are reinforced with
additional snow or ice
(“bridges”) shall be removed,
breached, or slotted before spring
breakup. Ramps and bridges shall
be substantially free of soil and
debris.

Added text:

— Permittee shall provide to BLM any ice thickness and water
depth data collected at ice road or snow trail stream crossings
during the pioneering stage of road/trail construction.

— In spring, provide BLM with photographs of all stream
crossings that have been removed, breached, or slotted.

aquatic habitats.

pipelines, are prohibited upon or
within 500 feet of fish-bearing
waterbodies. Construction camps
are prohibited on frozen lakes
and river ice. Siting of
construction camps on river sand
and gravel bars is allowed and
encouraged.

BMP | Avoid additional freeze- Travel up and down streambeds |Some travel up and down streambeds would be allowed
C-4 |down of deepwater pools is prohibited unless demonstrated | by the individual vehicles collecting snow from river
harboring overwintering fish |that there will be no additional  |drifts or ice aggregate from the channel (where ice is
and invertebrates used by impacts to overwintering fish or |grounded).
fish. the invertebrates they rely on.
BMP |Protect subsistence use and | All roads must be designed, Added text: Permittees shall construct a subsistence
E-1 |access to subsistence hunting| constructed, maintained, and pullout and boat ramp at crossings of heavily used
and fishing areas and operated to create minimal subsistence rivers as determined by consultation with the
minimize the impact of 0oil  |environmental impacts and to community.
and gas activities on air, protect subsistence use and
land, water, fish, and access to subsistence hunting and
wildlife resources. fishing areas.
LS |Protect fish-bearing water | Permanent oil and gas facilities, |Changes do not affect text as described.
E-2 |bodies, water quality, and  |including roads, airstrips, and
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Proposed Changes to BMPs per 2020 IAP Revisions

LS |Maintain free passage of Artificial gravel islands and Added text: Permittees shall submit a minimum of 2

E-3 |marine and anadromous fish |bottom-founded structures are years of data on fish, circulation patterns, and water
and protect subsistence use |prohibited in river mouths or quality with an application for construction. A
and access to subsistence active stream channels on river | postconstruction monitoring program, developed in
hunting and fishing. deltas. consultation with appropriate federal, state, and North

Slope Borough agencies, shall be required to track
circulation patterns, water quality, and fish movements
around the structure.

BMP |Minimize impacts of the Facilities shall be designed and | Added text: For alternatives B, C, and D, use

E-5 |development footprint. located to minimize the impermeable liners under gravel pads to minimize the

development footprint. potential for hydrocarbon spills.

BMP |Reduce the potential for ice- |Stream and marsh crossings shall | Added text:

E-6 |jam flooding, impacts to be designed and constructed to |- Stream and marsh crossings will be designed on at
wetlands and floodplains, ensure free passage of fish, least 1 year of relevant hydrologic data. Additional years
erosion, alteration of natural |reduce erosion, maintain natural | of hydrologic data collection may be required if more
drainage patterns, and drainage, and minimize adverse  |information is needed to design the crossing structure in
restriction of fish passage. |effects to natural stream flow. order to attain the BMP.

— The crossing structure design shall account for
permafrost, sheet flow, additional freeboard during breakup,
and other unique conditions of the arctic environment.

— A minimum of 1 year of hydrologic data sampling is
required at stream and marsh crossings. Additional years
of hydrologic data collection may be required if more
information is needed to design the crossing structure in
order to attain the BMP objective and meet requirements.
— All proposed crossing designs would adhere to the
standards outlined in fish passage design guidelines
developed by the U.S. Fish and Wildlife Service Alaska
Fish Passage Program (USFWS 2019b), USFWS Culvert
Design Guidelines for Ecological Function (USFWS
2020a), Stream Simulation: An Ecological Approach to
Providing Passage for Aquatic Organisms at Road-
Stream Crossings (USFS 2008), and other generally
accepted BMPs prescribed by BLM.

BMP |Minimize the impact of Gravel mine site design and Added text:

E-8 |mineral materials mining reclamation will be in accordance |— The plan shall consider locations outside the active
activities on air, land, water, |with a plan approved by the floodplain or design gravel mine sites within active
fish, and wildlife resources. |BLM and in consultation with floodplains to serve as water reservoirs if

appropriate federal, state, and environmentally beneficial.

North Slope Borough regulatory |— Removal of greater than 100 cubic yards of bedrock
and resource agencies. The plan |outcrops, sand, and/or gravel from cliffs is prohibited. - —
must consider the following: Incorporate as much as practicable the storage and reuse
a. Locations outside the active of sod/overburden for the mine site or at other disturbed
floodplain. sites on the North Slope.

b. Design and construction of — Any extraction of sand or gravel from an active river or
gravel mine sites within active  |stream channel shall be prohibited unless preceded by a
floodplains to serve as water hydrological study that indicates no potential impact on
reservoirs for future use. streamflow, fish, turbidity, and the integrity of the river
c. Potential use of the site for bluffs, if present.

enhancing fish and wildlife — Mine pit design and methods shall be engineered to
habitat. minimize permafrost regime disturbance and protect

d. Potential storage and reuse of |surface stability.

sod/overburden for the mine site

or at other disturbed sites on the

North Slope.
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BMP | Use ecological mapping |An ecological land classification |In addition to 2013 requirements, develop a separate map
E-12 | asatool to assess map of the development area displaying detailed water flowlines and small-scale
wildlife habitat before shall be developed before the delineation of drainage catchments (for alternatives B, C,
development of approval of facility construction |D: based on LiDAR or other high-accuracy surface
permanent facilities to imaging).
conserve important
habitat types during
development.
BMP |Ensure the passage of fish at | To ensure that crossings provide |Similar requirement is BMP E-6.
E-14 |stream crossings. for fish passage, all proposed
crossing designs shall collect at
least 3 years of hydrologic and
fish data.
LS |Ensure long-term Prior to final abandonment, land |Changes do not affect text as described.
G-1 |reclamation of land to its used for oil and gas infrastructure
previous condition and use. |shall be reclaimed to ensure
eventual restoration to the land’s
previous hydrological and
vegetative condition.
LS/ |(Rivers) Minimize the Permanent oil and gas facilities, |No surface occupancy or new infrastructure, except
BMP |disruption of natural flow including gravel pads, roads, essential road and pipeline crossings in the following
K-1* |patterns and changes to airstrips, and pipelines, are setbacks: the Colville River (2- to 7-mile setback), Judy
water quality; minimize the |prohibited in stream beds and (Igalligpik) Creek (0.5- to 1-mile setback), the Ublutuoch
disruption of natural adjacent to the rivers listed. (Tigmiagsiugvik) River (0.5- to 1-mile setback).
functions resulting from the |Rivers in the Project area that are | Gravel mines may be located within the active
loss or change to vegetative |listed include the Colville River |floodplain, consistent with BMP E-8.
and physical characteristics | (2-mile setback), Fish (Uvlutuuq)
of floodplain and riparian Creek (3-mile setback), Judy
areas; minimize the loss of | (Iqalligpik) Creek (0.5-mile
spawning, rearing, or setback), and Ublutuoch
overwintering fish habitat; |(Tigmiagsiugvik) River (0.5-mile
and minimize the disruption |setback).
of subsistence activities.
LS/ |(Deepwater Lakes) Permanent oil and gas facilities, |Changes do not affect text as described.
BMP |Minimize the disruption of |including gravel pads, roads,
K-2* |natural flow patterns and airstrips, and pipelines, are
changes to water quality; generally prohibited on the lake
minimize the disruption of | or lakebed within one quarter
natural functions resulting | mile mile of the ordinary high-
from the loss or change of | water mark of any deep lake (i.e.,
vegetative and physical depth greater than 13 feet).
characteristics of deepwater
lakes; minimize the loss of
spawning, rearing, or
overwintering fish habitat;
and minimize the disruption
of subsistence activities.
BMP |Minimize disturbance to Water extraction from any lakes |Changed to Stipulations K-6 and K-7.
K-4a*|molting geese and loss of  |used by molting geese shall not |Some alternatives allow leasing.
goose molting habitat in and |alter hydrological conditions that | Some alternatives allow new infrastructure with
around lakes in the Goose  |could adversely affect identified |limitations.
Molting Area. goose feeding habitat along Within the Goose Molting Area, no permanent oil and
lakeshore margins. gas facilities, except for pipelines, would be allowed
within 0.5 mile of the shoreline of selected lakes. Lakes
were selected based on the 85% distribution of black
brant within the Goose Molting Area.
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LS/ |(Coastal Area Setback) Facilities prohibited in coastal Changed to Stipulation K-5.

BMP |Protect coastal waters and | waters designated; vessels will | Added text: NSO. No new infrastructure, except essential

K-6* |their value as fish and maintain 1-mile buffer from coastal infrastructure (see requirement/standard for
wildlife habitat (including, |aggregation of hauled out seals |essential coastal infrastructure). The following
but not limited to, that for ~ |and half-mile buffer from requirements apply to authorized activities within 1 mile
waterfowl, shorebirds, and | walruses. of the coast:
marine mammals), minimize | Consider the practicality of — Permanent production well drill pads, or a central
hindrance or alteration of locating facilities that necessarily |processing facility for oil or gas would not be allowed in
caribou movement within | must be within this area at coastal waters or on islands between the northern
caribou coastal insect-relief |previously occupied sites such as |boundary of the NPR-A and the mainland or in inland
areas; protect the summer  |various Husky/USGS drill sites |areas within 1 mile of the coast. Other facilities necessary
and winter shoreline habitat |and DEW Line sites. Marine for oil and gas production, such as barge landing, or spill
for polar bears, and the vessels shall not conduct ballast |response staging and storage areas, would not be
summer shoreline habitat for |transfers or discharge any matter |precluded. Nor would this stipulation preclude
walrus and seals; prevent into the marine environment infrastructure associated with offshore oil and gas
loss of important bird habitat | within 3 miles of the coast. exploration and production or construction, renovation,
and alteration or disturbance or replacement of facilities on existing gravel sites. For
of shoreline marshes; and permanent oil and gas facility in the coastal area, develop
prevent impacts to and implement a monitoring plan to assess the effects of
subsistence resources and the facility and its use on coastal habitat and use.
activities.

BMP | Protect stream banks and BLM may permit low-ground-  |Changes do not affect text as described.

L-1 |water quality; minimize pressure vehicles to travel off of
compaction and gravel pads and roads during
displacement of soils; times other than those identified
minimize the damage of in BMP C-2.
vegetation; maintain
adequate habitat for birds,
fish, and terrestrial
mammals; and minimize
impacts to subsistence
activities.

Source: BLM 2013a, 2020a
Note: BLM (Bureau of Land Management); BMP (best management practice); DEW (Distant Early Warning); F (Fahrenheit); IAP (Integrated Activity Plan);
LiDAR (Light Detection and Ranging); LS (lease stipulation); NPR-A (National Petroleum Reserve in Alaska); NSO (no surface occupancy), ROP (required
operating procedure); USFWS (U.S. Fish and Wildlife Service); USGS (U.S. Geological Survey).

*Revisions to K LSs and BMPs are provided as a range of values reflecting different action alternatives in BLM 2020a.

All action alternatives would require deviations from existing LSs and BMPs, as detailed in Table D.4.5 in
Appendix D.1, Alternatives Development. When deviations are granted, they typically are specific to stated
Project actions or locations and are not granted for all Project actions. Deviations that would affect water
resources would include those to LS E-2 and BMPs K-1 K-2, and K-6. All action alternatives include road and
pipeline crossings of fish-bearing waterbodies (including one or more of the waterbodies protected in LS E-2 and
BMP K-1), a CFWR connected to Lake M0015, and freshwater intake pipelines at Lakes 1.9911 and/or M0235
(varies by alternative) (Figure 3.8.3). As a result, it is not possible in all instances to avoid encroachment within

500 feet of every waterbody. All action alternatives would intake and discharge ballast water to ground barges at
Oliktok Dock and the barge lightering area; Options 1 and 2 would intake and discharge ballast water at the MTIs
and the lightering areas. These ballast water exchanges would occur within 3 miles of the coastline (see BMP K-
6), but intake and discharge would occur in the same location and ballast water would not be transported.

Option 3 may require management of water under the partially grounded ice bridge over the Colville River at
Ocean Point. If water from the river needs to be pumped around the bridge during the 2 winters of ice bridge use,
this may require a deviation to BMP B-1.

3.8.2.1.2 Proponent’s Design Measures to Avoid and Minimize Effects
CPATI’s design features to avoid or minimize impacts are listed in Table 1.1.2 in Appendix L.1.
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3.8.2.1.3 Additional Suggested Avoidance, Minimization, or Mitigation

Appendix E.8A provides detail about culvert, bridge, and pipeline design and how that influences potential effects
to water resources. Additional suggested measures to reduce impacts created by culvert, bridge, and pipeline
crossings, could include the following:

1.

10.

Unless a more appropriate method is available, when estimating flood-peak discharge at locations within
the Fish (Iqalligpik) Creek, Judy (Igalligpik) Creek, and Ublutuoch (Tigmiagsiugvik) River basins, use a
weighted average from a single station analysis of the BLM long-term monitoring station data on each of
these streams and the Shell regression equations (Appendix E.8A). Weight the results of the two
computations based on the uncertainty associated with each estimate.

As appropriate, consider both 1) snow- and ice-impacted conditions and 2) ice-free conditions in the
hydraulic design of bridges, culverts, and pipeline river crossings. Cross-section data at the time of the peak
stage and peak discharge that are available for many rivers and streams indicate that the WSE was affected
by snow and/or ice blockage. Based on the available information, develop designs that would perform
satisfactorily during the design event considering both the possibility of open-water conditions and the
possibility that snow and ice blockage is occurring at the time of the design event. At a minimum, the
magnitude of the blockage used in the designs should be similar to the magnitude of the blockage that has
been observed.

At a minimum, design culverts to perform satisfactorily for all flood events up to and including the 50-year
event. The headwater-to-diameter ratio at the maximum design condition should be no greater than 1.0.
Identify the locations requiring cross-drainage culverts during spring breakup prior to construction by
noting all locations where water is flowing over the proposed alignment. This is necessary because it is
often not possible to determine where water flowing in polygon troughs will cross the alignment during a
summer or fall inspection. At the same time, identify the ends of the proposed culverts and the invert
elevation of the ends of the culvert in order to maintain the flow in the historic flow path.

At a minimum, design road bridges to pass the 50-year flood-peak discharge with a minimum of a 3-foot
freeboard (assuming snow and ice conditions have been considered in estimating the design water surface
elevation). Design for bridge foundation scour equal to the maximum scour depth produced by floods up
through a magnitude equal to the 100-year flood event and a geotechnical design practice safety factor of
from 2 to 3. Check the bridge design using a superflood and a geotechnical design practice safety factor of
1. The superflood is defined as the 500-year event, 1.7 times the magnitude of the 100-year event, or the
overtopping flood, whichever is the least. These are standard criteria used by Alaska Department of
Transportation and Public Facilities for bridges on the North Slope in nondesignated flood hazard areas.

At a minimum, design pipeline river crossings to perform satisfactorily for all floods up to and including the
200-year event (including crossings on bridges or VSMs). This is the magnitude of the design event that has
typically been used for common carrier pipelines on the North Slope and a higher level of design than is
being proposed for the Project.

Start bridge and culvert hydraulic computations sufficiently downstream so that the downstream boundary
assumptions do not affect the performance of the proposed design. Consider the USACE (1986) report
Accuracy of Computed Water Surface Profiles in determining the location of the downstream boundary for
hydraulic computations.

If the highest observed WSE or high-water mark is higher than the predicted 50-year WSE at a culvert,
bridge, or pipeline, reevaluate the design water surface elevation to confirm that snow and ice blockage and
other details of the computation are accurate. Given the conditions on the North Slope, it is unlikely that
high-water marks from a 50-year flood or greater would be recognizable unless it occurred in the last 10 to
20 years. Additionally, it is improbable that a 1- to 5-year field program would experience a 50-year flood.
It is more likely that snow and ice blockage greater than accounted for in the model used to predict the 50-
year WSE or an error in the downstream boundary condition used in the model has occurred.

Use a freeboard at bridges and pipeline crossings, which considers the uncertainty in the magnitude of the
design flood, the uncertainty in the hydraulic computations, and the height of the ice and debris that may be
carried by the flood but is not less than 3 feet.

Where an aboveground pipeline crossing is immediately upstream from a road, backwater from the road
during the pipeline design event should be considered when setting the bottom of the pipe elevation.
Additionally, if the road is designed for a smaller flood than the pipeline, the changes in hydraulic
conditions at the pipeline as a result of the road washout should be considered (i.e., changes in location of
the concentrated flow and the impact on erosion at the VSM).
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11. Where an aboveground pipeline crossing is immediately downstream from a road, the impact of the road on
where water would be flowing and the velocity of the water at the pipeline VSM should be considered.
Additionally, if the road is designed for a smaller flood than the pipeline, the changes in hydraulic
conditions at the pipeline as a result of the road washout should be considered (i.e., changes in the location
of the concentrated flow and the impact on erosion at the VSM).

12. Breach ice road crossings sufficiently that ice from the crossing would not contribute to ice jams or increase
snow and ice blockage during spring breakup.

13. Avoid placing multi-season ice pads in floodplains (e.g., construction pads at the mine site).

14. Prior to HDD construction, provide a monitoring and response plan for determining if drilling mud is being
lost to formation or making it to the river or groundwater during drilling.

15. Should any spills occur on the MTI, the affected gravel would be addressed immediately and removed prior
to MTI abandonment.

16. If Option 1 or 2 is selected, place and maintain appropriate navigation aids on the MTI after it is
decommissioned (the top of the MTI is expected to drop to or below the water surface).

17. Provide annual surveillance of bridge, culvert, and pipeline river crossings to confirm that structures are
functioning properly and provide maintenance as required.

18. Continue to collect baseline data