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I. INTRODUCTION

The Outer Continental Shelf Lands Act (OCS Lands Act), as amended, mandates the Secretary of the
Interior through the Minerals Management Service (MMS), to manage the development of the outer
continental shelf (OCS) oil, gas, and mineral resources while protecting the human, marine, and coastal
environments (43 U.S.C. 1340). Pursuant to the National Environmental Policy Act (NEPA), this
Programmatic Environmental Assessment (PEA) has been prepared to determine the potential impacts that
may result from what MMS believes is a foreseeable level of geophysical exploration and scientific
research in 2006 using seismic surveys (e.g., two-dimensional [2D] and three-dimensional [3D] streamer
and cable [ocean bottom and vertical] surveys and high-resolution site-clearance surveys) to produce data
and information on oil and gas resources in support of possible exploration and development activities in
the Federal waters of the Chukchi and Beaufort seas (Map 1).

The PEA supports MMS’ permitting process and regulatory authority for geophysical and scientific
research seismic surveys. This PEA also provides NEPA documentation for the U.S. Department of
Commence, National Oceanic and Atmospheric Administration, National Marine Fisheries Service’s
(NMFS) possible issuance of Incidental Harassment Authorizations (IHA’s) to the seismic-survey industry
to take marine mammals by harassment, incidental to conducting prelease and ancillary on-lease oil and gas
seismic surveys in the Beaufort and Chukchi seas (see Sec. I.A.1 Regulatory Framework). To address its
NEPA responsibilities, NMFS agreed to become a cooperating agency (as that term in defined in 40 CFR
1501.6) and proposed to adopt this PEA as authorized by 40 CFR 1506.3 as its own NEPA statement.

This programmatic environmental document addresses a group of similar or related actions as a whole
(seismic surveys in the Arctic Ocean in 2006) rather than one at a time in a separate environmental
document, and it is an effective means for addressing broad cumulative issues and impacts. The
“foreseeable level of activity” is based on MMS discussions with the oil and gas industry, the number of
active leases in the Beaufort Sea, proposed Chukchi Sea Lease Sale 193, and the evaluation of potential oil
and gas resources. With the renewed interest in oil and gas exploration on the OCS portions of the Chukchi
and Beaufort seas and the short open-water season, MMS believes that geophysical seismic surveys will be
conducted concurrently in the Chukchi Sea and Beaufort Sea OCS Planning Areas in 2006.

Taking into account all of the factors addressed in the PEA, MMS and NMFS will determine if the
Proposed Action would significantly affect the quality of the human environment.

I.LA. Background.

I.LA.1. Regulatory Framework. Pursuant to 30 CFR 251.4, a Geological and Geophysical (G&G)
permit must be obtained from MMS to conduct geological or geophysical exploration for oil, gas, and
sulphur resources. Separate permits must be obtained for either geological or geophysical explorations for
mineral resources. The G&G activities also can occur without a permit, provided such activities are
ancillary and conducted pursuant to a lease issued or maintained under the OCS Lands Act. The 2D and
3D seismic surveys usually occur over unleased OCS lands by potential lessees to collect information in
preparation for bidding in a lease sale. The upcoming lease sale may be in an area where there are no
current leases (such as in the Chukchi Sea Planning Area) or where there are both current leases and
unleased blocks and additional sales are planned (such as in the Beaufort Sea Planning Area). This seismic
surveying in preparation for an upcoming lease sale often is called “prelease” surveying.

The 2D/3D surveys also may be proposed over areas of: (1) leased blocks by the lessee or operator to
gather information to identify the best sites on their leases to consider for exploration/delineation drilling;
or (2) on- and off-lease to provide seismic-survey information between their leases and other wells, so the
geologic information from wells can be “extrapolated” to their leases with the seismic-survey information.
Both types of seismic surveys are considered geophysical-exploration activities and require a geophysical-
exploration permit from MMS.
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High-resolution seismic surveys (often referred to as postlease, on-lease, or site-clearance surveys) are
ancillary activities authorized by the lease and are conducted under regulations (30 CFR 250). These
seismic surveys are done by the lessee or operator on a lease or unit (several leases managed as a group to
produce common reservoirs) to collect required site-specific information (on potential geohazards or
sensitive seafloor resources) in support of the preparation of an Exploration Plan or a Development and
Production Plan. Although MMS requires notification of these activities and the mitigation measures
imposed by lease stipulations and specified in Notice to Lessees and Operators 00-A01, there are no
additional applications or approvals necessary. To support the preparation of Right-of-Way Pipeline
applications, high-resolution surveys are required to be run along proposed pipeline routes (both on lease
and off lease) to identify potential geohazards and sensitive seafloor resources.

Under the Marine Mammal Protection Act (MMPA), the taking of marine mammals without a permit or
exemption from the management agency (NMFS or the U.S. Department of the Interior [USDOI], Fish and
Wildlife Service [FWS)]) is prohibited. Taking means to harass, hunt, capture, or kill; or attempt to harass,
hunt, capture, or kill, any marine mammal. Because seismic-survey noise has the potential to harass marine
mammals, an authorization under the MMPA seems warranted.

The NMFS and FWS are evaluating several industry applications and considering issuing IHA’s and/or
Letters of Authorization (LOA’s) under section 101(a)(5)(D) of the MMPA for taking marine mammals
incidental to conducting prelease and ancillary on-lease oil and gas seismic surveys in the Beaufort and
Chukchi seas.

The NMFS has defined two types of incidental take on marine mammals: Level A harassment, which is
likely to cause injury and/or harm, and Level B harassment, which is likely to cause a behavioral response.
The NMFS’ policy has been to use the 180-decibel (dB) root-mean-squared (rms) isopleth for cetaceans
and 190-dB rms isopleth for pinnipeds to indicate where Level A harassment from acoustic sources begins.
The 180-dB rms isopleth is used by FWS to indicate where Level A harassment begins for the Pacific
walrus. The 160-dB rms isopleth is used by NMFS to indicate where Level B harassment begins for
acoustic sources, including impulse sounds, such as used for seismic surveying.

Determinations by NMFS under the MMPA will be made in part on the information and analyses in this
PEA to ensure that small takings will: (1) have a negligible impact on marine mammal stocks; (2) not have
an unmitigable adverse impact on subsistence needs for marine mammals; and (3) be at the lowest level
practicable (through implementation of appropriate mitigation).

Section 7 (16 U.S.C. 1538) of the Endangered Species Act (ESA) states that all Federal departments and
agencies shall, in consultation with and with the assistance of the Secretary of the Interior/Commerce
(Secretary), ensure that any actions authorized, funded, or carried out by them do not jeopardize the
continued existence of any endangered species or threatened species, or result in the destruction or adverse
modification of habitat of such species, which is determined by the Secretary to be critical, unless an
exception has been granted by the Endangered Species Committee. Section 9 (16 U.S.C. 1538) of the ESA
identifies prohibited acts related to endangered species and prohibits all persons, including all Federal,
State, and local governments, from taking listed species of fish and wildlife, except as specified under
provisions for exemptions (16 U.S.C. 1539). A summary of MMS’ ESA consultations with NMFS and
FWS is provided in Section I'V.

The 1996 reauthorization of the Magnuson-Stevens Fishery Conservation and Management (MSFCM) Act
amendments require consultation between the Secretary of Commerce and Federal and State agencies on
activities that may adversely impact essential fish habitat (EFH) for those commercial-fish species managed
by fish-management plans and managed under the MSFCM Act. A summary of MMS’ EFH consultation
with NMFS is provided in Section IV.

I.LA.2. Historical Overview. The MMS-permitted seismic surveys have been conducted in the
Beaufort and Chukchi seas since the late 1960’s/early 1970’s. The vast majority of geophysical seismic
surveys conducted in the Beaufort and Chukchi seas to date used the less detailed 2D methodology;
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whereas 2006 seismic-survey activities likely would use the more informative 3D methodology to explore
for oil and gas deposits.

Open-water and over-ice seismic surveys in Beaufort Sea Federal waters began in the late 1960°s and
peaked in the 1980°s. Subsequent years saw fewer and fewer surveys being conducted. No permits for
seismic-survey activities have been issued by MMS for the Beaufort Sea since 2004. More than 100,000
line-miles of 2D and 3D seismic surveys have been collected to date in the Beaufort Sea Planning Area.

Open-water and over-ice seismic-survey activity in the Federal waters of the Chukchi Sea has been
significantly less than that in the Beaufort Sea. Few surveys were conducted in the 1970’s; however, in the
1980’s, seismic-survey activities increased. The last MMS-permitted marine seismic survey in the Chukchi
Sea occurred in 1990. Approximately 80,000 line-miles of 2D seismic surveys have been collected to date
in the Chukchi Sea Planning Area. To date, no 3D seismic surveys have been conducted in the Chukchi
Sea OCS.

The most G&G permits issued in any one year in the Chukchi Sea was seven (6 marine and 1 over-ice) in
1986. In the Beaufort Sea, 23 MMS G&G permits were issued in 1982 (11 marine and 12 over-ice 2D
surveys) and 24 MMS G&G permits were issued in 1983 (1, 3D over-ice survey; 14, 2D over-ice surveys;
and, 9, 2D marine surveys).

Section III.C.1 provides more information and discussion about the history of seismic surveys in the
Beaufort and Chukchi seas. Figures I11.C-1, II1.C-2, and II1.C-3 illustrate cumulatively, the geographic
extent of OCS-permitted seismic surveys conducted in the Beaufort and Chukchi seas beginning in the
1970’s and through 2004.

I.B. Purpose of and Need for the Proposed Action.

The Proposed Action is for MMS to issue up to four seismic-survey-related geophysical exploration
permits in both the Chukchi and Beaufort seas during 2006. Geophysical seismic surveys provide
information that is used by industry and government to make an informed decision, evaluate the potential
for offshore oil and gas resources, and determine the presence of geologic hazards. Seismic-survey
information reduces the drilling of unnecessary exploration wells. The MMS has a mandate to ensure that
the seismic-survey data and information collected by industry and government are obtained in a technically
safe and environmentally sound manner. The MMS regulations (30 CFR 251) state that geological and
geophysical activities cannot:

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

cause harm or damage to aquatic life, property, or to the marine, coastal, or human environments;
cause pollution;

create hazardous or unsafe conditions;

unreasonably interfere with or harm other uses of the area;

disturb archaeological resources; or

cause hazardous or unsafe conditions.

The MMS needs geological and geophysical seismic-survey information to fulfill its statutory
responsibilities to ensure safe operations, support environmental impact analyses, protect benthic resources
through avoidance measures, ensure fair market value for leases, make royalty-relief determinations,
conserve oil and gas resources, and perform other statutory responsibilities. When MMS reviews the
acquired seismic-survey information and determines that resources of concern (e.g., archaeological or
sensitive benthic resources) could be adversely affected, the operators/lessees are required to proceed in
one of the following three ways:
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employ specific operational procedures to protect the resources of concern;

adjust the location of the proposed activity(ies) to a distance necessary to prevent disturbance of
the resource(s) of concern; or

3. perform additional investigations to establish that the potential resources of concern do not exist at
the proposed site or will not be adversely affected by the proposed activity.

N —

The MMS must comply with various environmental laws such as the ESA, the MMPA, and the MSFCM
Act. Therefore, MMS is using the information in the PEA to support ESA Section 7 consultations with
NMEFS and the FWS in the Chukchi and Beaufort seas. The NMFS also will use this PEA to support
authorizations of incidental take under Section 101(a)(5) of the MMPA. The FWS prepared their own
NEPA documentation to support their own authorizations of incidental take under Section 101(a)(5) of the
MMPA. The PEA also supports MMS and NMFS consultation on EFH as required by the MSFCM Act.

I.C. Scope, Objectives, and Assumptions.

The scope of MMS’ action is to continue permitting geophysical and scientific research seismic surveys
that will provide the oil and gas industry and MMS with accurate data on the location, extent, and
properties of hydrocarbon resources, as well as information on shallow geological hazards and seafloor
geotechnical properties. The PEA’s objectives are to:

1. Provide a broadly scoped programmatic NEPA document that environmentally assesses what
MMS believes to be a foreseeable level of geophysical and scientific research and seismic-survey
activity in 2006 in Federal waters of the Beaufort and Chukchi seas, from which other NEPA
documents that evaluate more specific marine seismic-survey plans can be tiered.

2. Provide environmental information that can be used by NMFS to evaluate several industry
applications for IHA’s, under Section 101(a)(5)(D) of the MMPA, for taking marine mammals
incidental to conducting prelease and ancillary oil and gas seismic surveys in the Beaufort and
Chukchi seas.

3. Characterize OCS seismic activities that available information indicates are likely to occur in the
Chukchi and Beaufort seas.

4. Determine whether any significant adverse impacts might occur from such activities.

5. Evaluate the Proposed Action alternatives, including the mitigation measures, which are designed
to help prevent any potential significant adverse impacts.

6. Determine if a Finding of No Significant Impact is applicable, or whether an environmental
impact statement would need to be prepared for the Proposed Action.

The MMS assumes in this PEA that up to eight marine seismic surveys (4 each in the Chukchi and Beaufort
seas) are likely to occur in 2006 in the Arctic Ocean. The MMS also assumes that marine resources could
be exposed to accidentally spilled lubricating oil or diesel fuel from a vessel associated with seismic-survey
operations. A torn or damaged streamer also might leak into the marine environment. The liquid used to
fill and provide streamer buoyancy usually is liquid paraffin that is biodegradable and evaporates very
quickly. Solid/gel streamers, which will not leak if damaged, also are available for use.

Eight refueling operations (1 per marine seismic-survey operation) are expected to occur during the 2006
seismic-survey season. The MMS believes that the incidents involving the release of oil and fuel from
vessels during refueling likely would be small, on the order of less than 5 gallons (gal) per refueling
event—in total, approximately 40 gal (20 gal in the Chukchi Sea and 20 gal in the Beaufort Sea) of fuel
might be spilled during the 2006 seismic-survey season. Refueling operations in the Beaufort Sea likely
would occur at Prudhoe Bay’s West Dock facility, and refueling operations in the Chukchi Sea likely
would occur at sea (in State and/or Federal waters) with the use of fuel supply vessels.

In addition, MMS believes the risk of fuel spills resulting from vessels colliding with each other or with ice
is low because: (1) seismic-survey operations must maintain a distance (usually about 15 miles [mi]) from
each other to ensure not interfering with each others’ data collection; and (2) seismic surveys would be
conducted in open water only, as the presence of ice interferes with vessel maneuverability and acoustic
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equipment. Table I.C-1 summarizes other assumptions used to identify and analyze the impacts associated
with conducting seismic surveys in the Chukchi and Beaufort seas in 2006.

This PEA does not environmentally assess, as part of its Proposed Action, potential oil and gas activities
(exploration drilling, etc.) in Federal waters that already have been evaluated in Beaufort Sea sale-related
environmental assessment documents or that will be evaluated in the Chukchi Sea Lease Sale 193
Environmental Impact Statement. The PEA’s cumulative activities scenario (Sec. III.C) and cumulative
impact analysis (Sec. III.H) focus on oil- and gas-related and non-oil- and gas-related noise-generating
events/activities in both Federal and State of Alaska (within 3 mi of shore) waters that are likely and
foreseeable during the period of the Proposed Action. Contributions from community and commercial
development, military activities, and arctic warming also are considered.

Although not required by the MMPA if marine mammals are not being taken, NMFS, MMS, and FWS
believe an incidental take authorization (ITA) under the MMPA seems warranted from the FWS (for the
Pacific walrus and polar bears) and NMFS (for cetaceans and pinnipeds other than the Pacific walrus),
because seismic-survey noises have the potential to harass marine mammals. Also, NMFS has stated that it
cannot complete an Incidental Take Statement under the ESA in regard to harassment of endangered
species (e.g., bowhead, fin, and humpback whales) before appropriate MMPA incidental take is authorized.
Because an Incidental Take Statement is issued under the ESA to MMS once the requirements of Section
101(a)(5) of the MMPA have been met, any seismic-survey permits to be issued by the MMS Alaska OCS
Region will state that seismic surveys shall not commence until such time that FWS and NMFS issue
MMPA ITA’s.

In addition, each G&G permit application will receive an additional review to determine if the proposed
seismic survey is within the scope of the activities addressed and environmentally evaluated in this PEA.
Those seismic surveys within the scope of the activities addressed and environmentally evaluated in this
PEA will be permitted, and those that do not will receive further NEPA analysis before possibly being
permitted. Further analysis also will be conducted, if the number of seismic-survey-permit applications
exceeds the number of seismic surveys in the Proposed Action evaluated in this PEA.

I.D. Issues and Concerns.

Issues and concerns associated with seismic-survey operations in the marine environment have been
documented by the scientific community, in government publications, and at scientific symposia. In
addition, public testimony and traditional knowledge from Alaskan Natives have provided valuable
information about seismic-survey operations.

Based on the information obtained from the aforementioned sources, the following more prominent issues
and concerns have been identified by MMS and NMFS:

e Protection of subsistence resources and the Inupiat culture and way of life.

e Risks of oil spills and their potential impacts on area fish and wildlife resources.

e Disturbance to bowhead whale-migration patterns.

e Impacts of seismic operations on marine fish reproduction, growth, and development.
Harassment and potential harm of wildlife, including marine mammals and marine birds, by
vessels operations and movements.

Impacts on water and air quality.

Changes in the socioeconomic environment.

Impacts to threatened and endangered species.

Impacts to marine mammals.

Incorporation of traditional knowledge in the decisionmaking process.

Effectiveness of marine mammal monitoring and other mitigation and monitoring measures.
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In accordance with Council on Environmental Quality guidelines, the PEA will focus on those activities
and resources for which the potential for significant impacts exists and identifying mitigation measures to
avoid and/or minimize those impacts.

I.E. Overview of Seismic Surveys.

I.LE.1. Marine-Streamer 3D and 2D Surveys. Airguns are the acoustic source for 2D and 3D
seismic surveys. Their individual size can range from tens to several hundred cubic inches (in*). A
combination of airguns is called an array, and operators vary the source-array size during the seismic
survey to optimize the resolution of the geophysical data collected. Airgun array sizes for 2D/3D seismic
surveys are expected to range from 1,800-4,000 in® but may range up to 6,000 in’. These arrays emit
pulsed rather than continuous sounds. While most of the energy is directed downward and the short

duration of each pulse limits the total energy, the sound can propagate horizontally for several kilometers
(Greene and Richardson, 1988; Hall et al., 1994).

Marine-streamer 3D seismic surveys vary markedly depending on client specifications, subsurface geology,
water depth, and geological target reservoir. Figure [.LE-1 illustrates a typical marine seismic survey using
streamers. The vessels conducting these surveys generally are 70-90 meters (m) long. A 3D source array
typically consists of two to three subarrays of six to nine airguns each, and is about 12.5-18 m long and 16-
36 m wide. Vessels tow one to three source arrays, depending on the technical survey-design specifications
required for the geologic target, to generate the acoustic energy. Most operations use a single-source
vessel; however, in a few instances, more than one source vessel will be used. The overall energy output
for the permitted activity will be the same, but the firing of the source arrays on the individual vessels will
be alternated. The sound-source level (zero-to-peak) associated with 3D seismic surveys ranges between
233 and 240 decibels re 1 microPascal at 1 meter (dB re 1 pPa at 1 m). The arrays usually are aligned
parallel with one another and towed 50-200 m behind the vessel. Following behind the source arrays by
another 100-200 m are multiple (4-12) streamer-receiver cables, and each streamer can be 3-8 kilometers
(km) long and spread out over a width of 400-900 m. Streamers are passive listening equipment consisting
of multiple hydrophone elements.

Vessel transit speeds are highly variable, ranging from 8-20 knots (kn) depending on a number of factors
including, but not limited to, the vessel itself, sea state, urgency (the need to run at top speed versus normal
cruising speed), and ice conditions. Marine 3D surveys are acquired at typical vessel speeds of 4.5 kn (8.3
km/hour). A source array is activated approximately every 10-15 seconds, depending on vessel speed. The
timing between activations varies between surveys to achieve the desired spacing required to meet the
geological objectives of the survey; typical spacing is either 25 or 37.5 m. Depending on the shotpoint
interval, airguns are fired between 20 and 70 times per mile.

The 3D-survey data are acquired on a line-by-line basis, whereby the vessel continues down a track-line to
provide adequate subsurface coverage from the beginning of the survey boundary. Acquiring a single track
line may take several hours, depending on the size of the survey area. The vessel then takes 2-3 hours to
turn around at the end of the track line and starts acquiring data along the next track line. Seismic vessels
operate day and night and a survey may continue for days, weeks, or months, depending on the size of the
survey, data-acquisition capabilities of the vessel, and weather conditions. It should be noted, however,
that data are not being acquired continuously, as streamer and source deployment, in-sea equipment
maintenance, and other operations also add to the survey time. “On a very good survey we may be in
shooting mode up to 40% of the time we are on site. Typically our shooting times average between 25% to
35%” (Fontana, 2003, pers. commun.).

Adjacent transit lines for a modern 3D survey generally are spaced several hundred meters apart and are
parallel to each other across the survey area. Modern marine-seismic vessels tow up to 16 streamers with
an equipment-tow width of up to approximately 1,500 m between outermost streamers. Biodegradable
liquid paraffin is used to fill the streamer and provide buoyancy. Solid/gel streams also are available for
use. The areal extent of this equipment limits both the turning speed and the area a vessel covers. It is,
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therefore, common practice to acquire data using an offset racetrack pattern, whereby the next acquisition
line is several kilometers away from and traversed in the opposite direction of the track line just completed.

Marine-streamer 2D surveys use similar geophysical-survey techniques as 3D surveys, but both the mode
of operation and general vessel type used are very different from those used in modern 3D marine surveys.
The 2D surveys are designed to provide a less-detailed, coarser sampled subsurface image compared to 3D
surveys, and they are conducted over wide areas or on a regional basis to identify potential prospective
areas.

The 2D seismic-survey vessels generally are smaller than modern 3D-survey vessels, although larger 3D-
survey vessels are able to conduct 2D surveys. The source array typically consists of three or more
subarrays of 6-8 airgun sources each, and it is about 12.5-18 m long and 16-36 m wide. The sound-source
level (zero-to-peak) associated with a 2D marine seismic survey is the same as 3D marine seismic surveys
(233-240 dB re 1 pPa at 1 m). Following behind the source arrays is a single hydrophone streamer
approximately 8-12 km long, depending on the geophysical objectives of the survey.

The 2D surveys acquire data along single track lines that are spread widely apart compared to 3D surveys,
which acquire data in a closely packed rectangular area. Therefore, considerably less source effort (less
acoustic energy) is required to cover a given area of the subsurface compared to 3D surveys.

Marine seismic vessels are designed to operate for several months without refueling or replenishments. A
guard or chase boat probably would be used for safety considerations, general support, maintenance, and
resupply of the main vessel, but it would not be directly involved with the collection of seismic data.
Helicopters also may be used, when available, for vessel support and crew changes.

Marine-streamer 2D and 3D surveys in the Beaufort and Chukchi seas require an essentially ice-free
operational environment because of having to maneuver the long streamers and airgun arrays. Thus, the
timing and areas of the surveys will be dictated by ice conditions. The data-acquisition season in the
Chukchi Sea could start as soon as ice conditions permit (sometime in June), and end when ice conditions
prevent further operations to be conducted (sometime in early November). The Beaufort Sea data-
acquisition season, because of a later ice-free season, likely would begin in late July/early August and end
in early October. Even during this time period, there is no assurance that any given location will be ice
free. The Beaufort Sea season is additionally constrained by the need to get the vessel out of the area
before ice conditions trap the vessel in the area.

I.LE.2. Ocean-Bottom-Cable Seismic Surveys. Ocean-bottom-cable (OBC) seismic surveys are
used in Alaska primarily to acquire seismic data in water that is too shallow for the data to be acquired
using a marine-streamer vessel and too deep to have static ice in the winter. The seismic survey requires
the use of multiple vessels (usually two vessels for cable layout/pickup, one vessel for recording, one vessel
for shooting, and may include one or two smaller utility boats). Most operations use a single source vessel.
In a few instances, however, more than one source vessel will be used. The overall energy output for the
permitted activity will be the same, but the firing of the source arrays on the individual vessels will be
alternated. These vessels generally, but not necessarily, are smaller than those used in streamer operations,
and the utility boats can be very small, in the range of 10-15 m.

An OBC operation begins by laying cables off the back of the layout boat. Cable length typically is 4-6 km
but can be up to 12 km. Groups of seismic-survey receivers (usually a combination of both hydrophones
and vertical-motion geophones) are attached to the cable in intervals of 12-50 m. Multiple cables are laid
on the seafloor parallel to each other using this layout method, with a cable spacing of between hundreds of
meters to several kilometers, depending on the geophysical objective of the seismic survey. When the
cable is in place, a vessel towing the source array passes over the cables with the source being activated
every 25 m. The source array may be a single or dual array of multiple airguns, which is similar to the 3D
marine seismic survey. The sound-source level (zero-to-peak) associated with an OBC seismic survey is
the same as the 2D and 3D marine seismic surveys (233-240 dB re 1 pPa at 1 m). Sometimes a faster
source-ship speed of 6 kn instead of the normal 4.5-kn speed is used with a decrease in the time the source
is being activated.
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After a source line is acquired, the source ship takes about 10-15 minutes to turn around and pass over the
next cable. When a cable is no longer needed to record seismic-survey data, it is recovered by the cable-
pickup ship and moved to the next recording position. A particular cable can lay on the seafloor anywhere
from 2 hours to several days, depending on operation conditions. Normally, a cable is left in place for
about 24 hours.

An OBC seismic survey typically covers a smaller area (approximately 10 by 20 mi) and may spend days
in an area. In contrast, 3D streamer seismic surveys cover a much larger area (thousands of square miles)
and only stay in a particular area for hours.

While OBC seismic surveys might occur in the Beaufort Sea, they are not anticipated to occur in the
Chukchi OCS because of its greater water depths and the greater efficiency of streamer operations in deep
water. Recent technological developments have been introduced that provide improved operational
flexibility for equipment deployment, recovery, and data collection in the field, but the costs are high
compared to streamer-collected data.

I.E.3. High-Resolution Site-Clearance Surveys. A high-resolution seismic survey is the
preferred method used by the oil and gas industry to provide required information to MMS about the site of
proposed exploration and development plans in OCS leased areas. High-resolution surveys primarily are
used by the oil and gas industry to locate shallow hazards; obtain engineering data for placement of
structures (e.g., proposed platform locations and pipeline routes); and detect geohazards, archaeological
resources, and certain types of benthic communities.

A typical operation consists of a vessel towing an acoustic source (airgun) about 25 m behind the ship and a
600-m streamer cable with a tail buoy. The source array usually is a single array composed of one or more
airguns. A 2D high-resolution site-clearance survey usually has a single airgun, while a 3D high-resolution
site survey usually has a tri-cluster of airguns. The ships travel at 3-3.5 kn (5.6-6.5 km/hour), and the
source is activated every 7-8 seconds (or about every 12.5 m). All involved ships are designed to be ultra-
quiet, as the higher frequencies used in high-resolution work are easily masked by the vessel noise if
special attention is not paid to keeping the ships quiet.

Typical surveys cover one block at a time. The MMS regulations require information be gathered on a
300- by 900-m grid, which amounts to about 129 line-kilometers of data per lease block. If there is a high
probability of archeological resources, the north-south lines are 50 m apart and the 900 m remains the
same. Including line turns, the time to survey a lease block is approximately 36 hours. Airgun volumes for
high-resolution surveys typically are 90-150 in’, and the output of a 90-in* airgun ranges from 229-233 dB
re lpPa at 1 m. Airgun pressures typically are 2,000 psi (pounds per square inch), although they can be
used at 3,000 psi for more output.

In 2006, MMS does not anticipate any on-lease high-resolution surveys being conducted in the Chukchi

Sea, because there are no active leases. High-resolution surveys are expected to occur in 2006 in the
Beaufort Sea, where many lease blocks are owned by the oil and gas industry.
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II. DESCRIPTION OF THE ALTERNATIVES

The Proposed Action is for the Minerals Management Service (MMS) to issue four seismic survey
geophysical-exploration permits in both the Chukchi and Beaufort seas outer continental shelf (OCS)
during 2006. The permits would allow the gathering of data needed by industry and government to assess
hydrocarbon resources and ensure these activities occur in a technically safe and environmentally sound
manner. Through the scoping process, a range of alternatives has been identified that consider issues of
concern (see Sec. I.D) and the need to protect the fish and wildlife resources of the Beaufort and Chukchi
seas and associated subsistence-harvest activities.

I1.LA. Range of Alternatives.

The alternatives that follow were developed taking into consideration the Proposed Action’s purpose and
need, as described in Section I (Introduction) and the potential impacts identified through the scoping
process. The primary impacts of the Proposed Action are associated with the generation of high-energy
acoustic sounds from seismic-survey operations, seismic-vessel movements and traffic, air traffic
associated with supporting seismic-survey operations, and cumulative impacts. The sound generated by a
seismic-survey operation and its overall operation potentially could adversely affect a variety of fish and
wildlife resources, including whales and seals, if not properly mitigated. The endangered bowhead whale,
particularly females and calves, are especially vulnerable to the harassing sounds of seismic surveys. In
addition, seismic-survey operations have the potential to adversely affect marine mammal subsistence-
harvest activities, if seismic-survey operations are not first coordinated with the subsistence-harvest
community(ies). Although not adversely affected by the sounds generated by seismic surveys, marine birds
are susceptible to colliding with vessels that are brightly lighted, especially during bad weather conditions.
A more thorough discussion of the aforementioned and additional potential impacts is included in Section
[T (Affected Environment and Impact Analysis). The mitigation measures that MMS will include as
stipulations in its Beaufort and Chukchi seas Geological and Geophysical (G&G) seismic-survey permits
will prevent the Proposed Action from having a significant impact (and further reduce adverse impacts) on
the fish and wildlife resources of the Beaufort and Chukchi seas and the subsistence-harvest activities that
rely on them (see Sec. IV - Summary of Findings, Mitigation Measures, and Recommendations).

Alternative 1. No seismic-survey permits issued for geophysical exploration activities (No
Action).

Alternative 2. Seismic surveys for geophysical-exploration activities would be permitted with
existing Alaska OCS G&G exploration stipulations and guidelines.

The following four alternatives emphasize including a specified exclusion (safety) zone for marine
mammals, in addition to complying with existing G&G exploration stipulations and guidelines.
Furthermore, after each alternative is environmentally assessed (Sec. III - Existing Environment and Impact
Assessment) additional protective measures for fish, wildlife, and subsistence-harvest resources might be
identified (Sec. IV - Summary of Findings, Mitigation Measures, and Recommendations) and incorporated
as permit stipulations. All alternatives require the seismic-survey operator to successfully perform and
demonstrate the efficacy of mitigation measures and have the incidental taking of marine mammals
authorized under the Marine Mammal Protection Act (MMPA).

Alternative 3. Seismic surveys for geophysical exploration activities would be permitted
incorporating existing Alaska OCS G&G exploration stipulations and guidelines and additional
protective measures for marine mammals, including a 120-decibel-(dB)-specified exclusion zone.

Alternative 4. Seismic surveys for geophysical-exploration activities would be permitted

incorporating existing Alaska OCS G&G exploration stipulations and guidelines and additional
protective measures for marine mammals, including a 160-dB-specified exclusion zone.
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Alternative 5. Seismic surveys for geophysical-exploration activities would be permitted
incorporating existing Alaska OCS G&G exploration stipulations and guidelines and additional
protective measures for marine mammals, including 160-dB- and 120-dB-specified exclusion
zones.

Alternative 6. Seismic surveys for geophysical-exploration activities would be permitted
incorporating existing Alaska OCS G&G exploration stipulations and guidelines and additional
protective measures for marine mammals, including a 180/190-dB-specified exclusion zone.

I1.LA.1. Alternative 1. No Seismic-Survey Permits Issued for Geophysical

Exploration Activities (No Action). The MMS would not approve seismic-survey permit
applications for the purpose of obtaining geophysical information about the location, extent, and properties
of hydrocarbon resources in the Chukchi and Beaufort seas. Industry would have to rely on other measures
to obtain needed geophysical information, such as using new data-processing technology to reanalyze
existing geophysical exploration seismic data and/or using survey techniques other than seismic. The
environmental assessment of alternative geophysical-survey techniques is not part of this programmatic
environmental assessment (PEA).

11.LA.2. Alternative 2. Seismic Surveys for Geophysical-Exploration Activities would
be Permitted with Existing Alaska OCS Geological and Geophysical Exploration
Stipulations and Guidelines. The MMS-implemented regulations specify geophysical operations

shall be conducted in a manner to ensure that they will not cause pollution, cause undue harm to aquatic
life, create hazardous or unsafe conditions, or unreasonably interfere with other uses of the area.

The MMS would approve seismic surveys with stipulations (Appendix A) related to G&G exploration
activities on the OCS. The stipulations also notify the permittee that operations under the permit are
subject to the MMPA and the Endangered Species Act, and advise the permittee to contact National Marine
Fisheries Service (NMFS) and/or Fish and Wildlife Service (FWS) and discuss their proposed activities.

I1.A.3. Alternative 3. Seismic Surveys for Geophysical-Exploration Activities would
be Permitted with Existing Alaska OCS Geological and Geophysical Exploration
Stipulations and Guidelines and Additional Protective Measures for Marine
Mammals, including a 120-dB Specified-Exclusion Zone. The MMS would permit seismic
surveys in the Beaufort and Chukchi seas, incorporate standard G&G stipulations (Appendix A), and
require additional protective measures for marine mammals.

If a seismic-survey operator had not received an incidental take authorization (ITA) from NMFS, this
alternative would avoid Level A (injury/harm) and Level B (behavior harassment) incidental takes of all
marine mammals and extend the level of protection to avoid potential disturbances of bowhead whale
cow/calf pairs and aggregations of bowhead whales and gray whales that could occur due to their
avoidance of the active seismic vessel. The 120-dB isopleth-exclusion zone would provide such protection.

The 120-dB isopleth is the approximate zone where Richardson et al. (1999) found at 20 kilometers (km)
almost total bowhead whale exclusion. Sound levels received by bowhead whales at 20 km ranged from
117-135 dB re 1 pPascal root-mean-square (dB re 1puPa rms) and 107-126 dB relpPa rms at 30 km, and it
is the level recommended by the 2001 Open Water Meeting participants as where significant responses by
bowhead whales in the Beaufort Sea occur.

Seismic operations must comply with Alaska OCS Region standard seismic-survey G&G stipulations
(Appendix A), including:

e  Operators must maintain a minimum spacing of 15 miles between the seismic-source vessels for

separate operations. The MMS must be notified by means of the weekly report whenever a shut
down of operations occurs in order to maintain this minimum distance.
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The following additional protective measures for marine mammals are based on: (1) the measures in the
July 1999 and August 2001 IHA’s from NMFS for marine geophysical permits in the Beaufort Sea OCS;
(2) the protective measures in MMS’ most recent marine seismic-survey exploration permits; (3) Arctic
Open Water meetings in 1999 and 2001; and (4) the MMS’ Biological Evaluation, dated March 3, 2006
(USDOI, MMS, 2006), which includes the Proposed Action.

Exclusion Zone — An exclusion zone from the seismic-survey sound source shall be free of marine
mammals before the survey can begin and must remain free of marine mammals during the survey. The
purpose of the exclusion zone is to protect marine mammals from Level A harassment (injury).

Monitoring of the Exclusion Zone — Individuals (marine mammal biologists or trained observers) shall
monitor the area around the survey for the presence of marine mammals to maintain a marine mammal-free
exclusion zone and monitor for avoidance or take behaviors. Visual observers monitor the exclusion zone
to ensure that marine mammals do not enter the exclusion zone for at least 30 minutes prior to ramp up,
during the conduct of the survey, or before resuming seismic-survey work after shut down. The NMFS will
set specific requirements for the monitoring programs and observers.

Shut Down — The survey shall be suspended until the exclusion zone is free of marine mammals. All
observers shall have the authority to, and will, instruct the vessel operators to immediately stop or de-
energize the airgun array whenever a marine mammal is seen within the exclusion zone. If the airgun array
is completely powered down for any reason during nighttime or poor sighting conditions, it shall not be re-
energized until daylight or whenever sighting conditions allow for the exclusion zone to be effectively
monitored from the source vessel and/or through other passive acoustic, aerial, or vessel-based monitoring.

Ramp Up — Ramp up is the gradual introduction of sound to deter marine mammals from potentially
damaging sound intensities and from approaching the exclusion zone. This technique involves the gradual
increase (usually 5-6 dB per 5-minute increment) in emitted sound levels, beginning with firing a single
airgun and gradually adding airguns over a period of at least 20-40 minutes, until the desired operating
level of the full array is obtained. Ramp-up procedures may begin after observers ensure the absence of
marine mammals for at least 30 minutes. Ramp-up procedures shall not be initiated at night or when
monitoring the exclusion zone is not possible. A single airgun operating at a minimum source level can be
maintained for routine activities, such as making a turn between line transects, for maintenance needs or
during periods of impaired visibility (e.g., darkness, fog, high sea states), and does not require a 30-minute
clearance of the exclusion zone before the airgun array is again ramped up to full output.

Field Verification — Before conducting the survey, the operator shall verify the radii of the exclusion zones
within real-time conditions in the field. This provides for more accurate exclusion-zone radii rather than
relying on modeling techniques before entering the field. Field-verification techniques must be consistent
with NMFS-approved guidelines and procedures. When moving a seismic-survey operation into a new
area, the operator shall verify the new radii of the exclusion zones by applying a sound-propagation series.

Monitoring of the Seismic-Survey Area — Aerial-monitoring surveys or an equivalent monitoring
program acceptable to the NMFS may be required.

Reporting Requirements — Reporting requirements, such as the monitoring plans required by FWS for
polar bears and walruses prior to the start of seismic activities, provide the regulating agencies with specific
information on the monitoring techniques to be implemented and how any observed impacts to marine
mammals will be recorded. In addition, operators must report immediately any shut downs due to a marine
mammal entering the exclusion zones and provide the regulating agencies with information on the
frequency of occurrence and the types and behaviors of marine mammals (if possible to ascertain) entering
the exclusion zones.

Temporal/Spatial/Operational Restrictions — Dynamic management approaches to avoid or minimize

exposure, such as temporal or spatial limitations are based on marine mammals being present in a particular
place or time, or being engaged in a particularly sensitive behavior (such as feeding).
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e Seismic survey must not occur in the Chukchi Sea spring lead system before July 1, unless
authorized by NMFS, to provide bowhead cow/calf pairs additional protection.

e Seismic-survey activities are not permitted within the Ledyard Bay spectacled eider critical-habitat
area.

e Seismic-survey support aircraft must avoid overflights of Ledyard Bay critical-habitat area after
July 1; unless aircraft are at an altitude in excess of 1,500 feet or human safety requires deviation
(e.g., a medical emergency).

Resource-specific measures to further reduce the potential to cause adverse impacts will be identified
during the impact-analysis step of the PEA. Depending on the scope of seismic-survey activities, these
measures could be adopted as requirements for seismic-survey-related G&G permits. Additional mitigation
measures also may be required by the required MMPA authorizations from NMFS and FWS.

An inability to effectively perform any mitigation measure will result in MMS suspending the seismic-
survey operator’s permit until such time that the protective measures can be successfully performed and
demonstrated. For reasons of practicality, an MMPA authorization may not impose all of the mitigation
measures stated here. Alternatively, an MMPA authorization may specify alternative or additional
mitigation or monitoring measures (aerial surveys, passive monitoring, time/area closures) to ensure that
impacts on marine mammals and subsistence needs are at the lowest level practicable.

I1.LA.4. Alternative 4. Seismic Surveys for Geophysical-Exploration Activities would
be Permitted with Existing Alaska OCS Geological and Geophysical Exploration
Stipulations and Guidelines and Additional Protective Measures for Marine

Mammals, including a 160-dB Specified-Exclusion Zone. This alternative is identical to
Alternative 3, except this alternative specifies a 160-dB isopleth-exclusion zone instead of a 120-dB zone.
The intent is to help protect marine mammals (including bowhead whales) against potential Level B
(behavior harassment) incidental takes and potential Level A (harassment - injury) incidental takes if the
seismic operator had not received incidental take authorization from the NMFS and/or FWS. The 160-dB
isopleth is where Malme et al. (1983, 1984) found migrating gray whales avoided seismic noise along the
California coast, and it is used by NMFS to indicate where Level B harassment begins for impulse sounds,
such as seismic.

I1.LA5. Alternative 5. Seismic Surveys for Geophysical-Exploration Activities would
be Permitted with Existing Alaska OCS Geological and Geophysical Exploration
Stipulations and Guidelines and Additional Protective Measures for Marine

Mammals, Including 160-dB and 120-dB Specified-Exclusion Zones. The intent of this
alternative is the same as Alternatives 3 and 4, except that it provides special protection for: (1) bowhead
whale calves; (2) reproductive-aged female bowhead whales; (3) aggregations of whales; and (4) fall
subsistence hunting of bowhead whales in the Beaufort Sea. The NMFS would determine if and when to
expand the exclusion-zone isopleth from 160 dB to 120 dB, thereby increasing the size of the exclusion
zone. The criteria used by NMFS for making this decision would be based on the presence of cow/calf
pairs, aggregations of bowhead whales, and the timing and location of the subsistence hunt in both the
Beaufort and Chukchi seas. Aerial or vessel-based surveys would reduce the uncertainty about how many
and what type of bowhead whales (and other marine mammals) might be present. See Section III.F.3
(Threatened and Endangered Marine Mammals) for a more thorough discussion about how information
would be gathered and reported and how decisions will be made about when to expand the exclusion-zone
isopleth from 160 dB to 120 dB.
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I1LA.6. Alternative 6. Seismic Surveys for Geophysical-Exploration Activities would
be Permitted with Existing Alaska OCS Geological and Geophysical Exploration
Stipulations and Guidelines and Additional Protective Measures for Marine

Mammals, Including a 180/190 dB Specified-Exclusion Zone. This alternative is identical
to Alternatives 3, 4, and 5, except that it establishes exclusion zone isopleths of 180 dB (Level A
harassment-injury) for cetaceans and the Pacific walrus and 190 dB (Level A harassment-injury for
pinnipeds other than the Pacific walrus). The 180-dB and 190-dB isopleths evolved when two expert
panels (HESS, 1998; NMFS, 1999) determined that at an unknown higher sound pressure level (SPL) level,
cetaceans and pinnipeds, respectively, potentially could incur permanent hearing impairment (Level A
harassment). These levels are used by NMFS to indicate where Level A harassment (injury) potentially
begins.

11.B. Evaluation of Alternatives. For an alternative to be considered further in this PEA, it
must adequately support the PEA’s purpose and need as previously identified and discussed in Section |
(Introduction) and be feasible, that is, be effective (the extent to which the alternative contributes to
achieving the project objectives); efficient (the extent to which an alternative is a cost-effective means of
achieving the objectives, consistent with protecting the environment); and acceptable (the extent to which
the alternative is implementable and acceptable by Federal, State and local entities and in terms of
applicable laws, regulations and public policies). Implementable means is it feasible in the technical
(logistical or engineering limitations), environmental, economic, and social senses.

11.B.1. Alternatives Excluded from Further Evaluation. Alternative 2 (seismic surveys for
geophysical exploration activities would be permitted with existing Alaska OCS G&G exploration
stipulations and guidelines) is not considered further, because it is not feasible. This alternative does not
consider incorporating additional cost-effective protective measures nor does it adequately address social
issues related to subsistence-harvest activities.

11.B.2. Alternatives Considered in More Detail. Alternative 1 (No Action - No seismic-
survey permits issued for geophysical exploration activities). This alternative eliminates any potential
impacts of seismic surveys on the environment, but it does not provide the means for the oil and gas
industry to effectively obtain the information it needs to evaluate the location, extent, and properties of
hydrocarbon resources in the Chukchi and Beaufort seas. Without the geophysical data, MMS is hampered
in its ability to ensure fair market value for leases, make royalty-relief determinations, conserve oil and gas
resources, and perform other statutory responsibilities. The alternative is not efficient, because it does not
accommodate cost-effective technologies. It is not acceptable because, while being socially and logistically
feasible, there are engineering, economical, and possibly environmental limitations of alternative sources of
information. The alternative will be evaluated further, because it is required by the Council of
Environmental Quality [40 CFR Ch. V, §1502.14 (d)] and will provide a benchmark for decisionmakers to
compare the magnitude of environmental effects of the Proposed Action.

Alternatives 3, 4, 5, and 6 are considered in more detail in the PEA because each, to varying degrees, is
effective, efficient, and acceptable and, therefore, feasible. Table I1.B.1 and the following supportive text
provide a comparative ranking and discussion of each alternative, relative to their effectiveness, efficiency,
and acceptability.

11.B.2.a. Effectiveness Evaluation. With the exception of Alternative 1 (No Action), the remaining
alternatives allow the oil and gas industry to obtain the information it needs to evaluate effectively the
location, extent, and properties of hydrocarbon resources in the Chukchi and Beaufort seas. However,
alternatives with more mitigation (e.g., Alternatives 3 and 5) likely would require more time and resources
to collect seismic survey data and to operate.

Relative to the impacts of acoustic sources, the no-action alternative eliminates any possibility of adverse

impacts due to seismic-survey operations. The physical environmental impacts associated with other field
methodologies and techniques the oil and gas industry may or may not use are outside the scope of this
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PEA. Obtaining better 3D seismic data now could lessen the number of exploration wells (and associated
environmental impacts) needed in the future.

The remaining alternatives (3 through 6) are environmentally sound, as they all contain protective measures
to mitigate possible impacts on marine mammals, and through the National Environmental Policy Act
(NEPA) process, could contain additional mitigation measures to further protect other fish, wildlife, and
subsistence-harvest resources from being adversely impacted. Theoretically, alternatives with larger
exclusion zones would provide greater levels of protection for marine mammals from potential harm and
harassment; however, the more complicated marine mammal-monitoring requirements associated with
larger exclusion zones would make it more difficult to collect seismic data. In some instances, some areas
may not be surveyed due to time constraints; this may cause more seismic surveys to be performed in the
future. For this reason, Alternative 3 (with its 120-dB isopleth-exclusion zone) is ranked highest for
environmental soundness but lowest for the efficacy of obtaining data. The remaining three alternatives are
ranked in descending order, based on the size of the exclusion zone and associated monitoring
requirements.

11.B.2.b. Efficiency Evaluation. The most variable cost associated with conducting an environmentally
sound seismic-survey program in 2006 is associated with monitoring and maintaining the marine mammal-
exclusion zone. The costs associated with the no-action alternative are related primarily with having to use
other developing technologies to reanalyze existing seismic data and/or use other field methods to
physically obtain the information. A cost-benefit analysis of having to implement this alternative, as
opposed to conducting seismic surveys, has not been made; however, based on MMS professional
judgment, seismic surveys likely would be determined to be the most cost-effective means to collect high-
quality geophysical information to assist in determining the locations of potential oil and gas deposits.

Effectively monitoring larger exclusion zones probably has higher associated costs than effectively
monitoring smaller exclusion zones because, as the exclusion zone enlarges, more human resources and
monitoring equipment are necessary. For example, because the outer perimeter of the 120-dB isopleth-
exclusion zone could range between 20 and 30 km from the sound-source vessel, aircraft and/or other
acoustic-monitoring equipment would be required to survey and monitor those areas outside the effective
monitoring range of vessel-based monitors. The costs associated with conducting aerial monitoring and
marine mammal surveys understandably are higher than conducting vessel-based monitoring. For the
aforementioned reasons, Alternative 6, with its 180/190-dB isopleth- (smaller) exclusion zone would be
expected to have the least associated cost. The incremental cost increase to effectively monitor a 160-dB
isopleth-exclusion zone may not be much more than the cost associated with the 180/190-dB isopleth-
exclusion zone, unless aerial surveys are required in which case, the costs would substantially rise.

11.B.2.c. Acceptability Evaluation. Alternatives 1, 3, 4, 5, and 6, and the associated environmental
protection measures identified in the NEPA process equally comply with applicable State and Federal laws,
including the ESA and the MMPA, especially because a seismic-survey operator must obtain an IHA for
marine mammals from the NMFS and FWS before beginning seismic operations. The MMS’ coordination
with NMFS, a cooperating agency on the PEA, is ongoing. Biological evaluations in support of the ESA
Section 7 consultations have been submitted to NMFS for the bowhead, fin, and humpback whales and to
the FWS for spectacled and Steller’s eiders and Kittlitz’s murrelet. Consultation with NMFS regarding the
potential impacts of the Proposed Action on essential fish habitat is ongoing, and MMS’ evaluation of
impacts is contained in the PEA. Other applicable Federal laws and Executive Orders (EO’s) the
alternatives comply with include, for example, the Clean Air Act, Clean Water Act, Coastal Zone
Management Act, Migratory Bird Treaty Act, NEPA, National Historic Preservation Act, EO 13175 -
Consultation and Coordination with Indian Tribal Government, and EO 12898 - Environmental Justice in
Minority and Low-income Populations.

The most sensitive social issue associated with conducting marine seismic surveys is the potential impact
on subsistence-harvest activities and the Inupiat lifestyle and culture. Subsistence harvesting bowhead
whales and other marine mammals is essential to most Inupiat communities on the North Slope. All the
alternatives to be considered further provide marine mammals some level of protection from potential
harassment and/or harm. Of course, if no seismic surveys were conducted (the no-action alternative), no
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additional impacts to subsistence would occur. However, the no-action alternative does not preclude
impacts on subsistence from the other field methods (e.g., electromagnetic, acromagnetic, and gravity
surveys) that might be used in attempts to collect the desired oil- and gas-resource information.
Presumably, the seismic-survey alternatives that have larger exclusion zones provide the most protection
for bowhead whales and other marine mammals. Alternative 3, which theoretically would have the largest
exclusion zone associated with the 120-dB isopleth, is ranked alongside the no-action alternative as
potentially having the highest level of subsistence-resource/marine mammal protection. However, because
bowhead whales apparently show some avoidance in areas of seismic sounds at levels lower than 120 dB
(Richardson et al., 1999), impacts to subsistence still might occur under all identified alternatives.

With the exception of the no-action alternative, all the alternatives have environmental protection measures
that include exclusion zones. While the 120-dB exclusion zone may provide marine mammals with the
highest level of protection from potential behavioral harassment and injury, it likely is the most expensive
and difficult to manage because of its anticipated large size and potential use of aerial or vessel-based
surveys and/or other acoustic monitoring technology. Implementing the smallest exclusion zones
associated with the 180/190-dB isopleth likely would be more manageable and less costly than the larger
exclusion zones. Implementing a smaller exclusion zone with no other mitigation measures would not
completely protect marine mammals from potential Level B behavioral harassment. The feasibility
(implementable in an environmental sense) of the no-action alternative is uncertain, because which
alternate field techniques would be used to replace seismic surveys is unknown. No environmental impacts
in the Chukchi and Beaufort seas are associated with reanalyzing historical seismic data. Barring costs, all
the alternatives are equally environmentally feasible (that is, achieving some level of marine mammal
protection from injury and behavioral harassment). If costs become a limiting factor, then the expenses
associated with conducting aerial or vessel-based surveys and monitoring and other acoustic-monitoring
technology may make monitoring larger exclusion zones less environmentally feasible.

There are fewer technical issues and costs associated with effectively monitoring smaller exclusion zones
than larger exclusion zones. Generally, and with some exceptions due to weather and other disruptive
oceanic conditions, exclusion zones associated with the 160-dB and 180/190-dB isopleths can be
effectively monitored with vessel-based monitors. Logistical complications and engineering limitations
make effective monitoring of the 120-dB isopleth-exclusion zone (in Alternatives 3 and 5) very difficult
and overall not feasible to accomplish. This is because continuous aerial or vessel-based monitoring,
possibly with additional acoustic monitoring, would be required to monitor the outer perimeters of the
exclusion zone that are not accessible to seismic-vessel-based observers.

Determination of the Selected Alternative will be based on all the factors and issues raised and discussed in

this section, the detailed analysis of impacts provided in Section III (Existing Environmental and Impact
Analysis), and comments received during the public review of the PEA.
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I11. EXISTING ENVIRONMENT AND IMPACT ANALYSIS

This section presents information about the Arctic Ocean’s biological and physical environment and the
human activities that depend on the fish and wildlife resources they provide. This section also describes
and discusses the potential impacts associated with the Proposed Action alternatives.

I11.A. Physical Environment.

I11.A.1. Physical Oceanography. The Chukchi Sea Proposed Action area covers the relatively
shallow, broad, continental shelf adjacent to the Arctic Ocean. A small portion in the north overlies the
continental slope and abyssal plain. Water depths range from approximately 10-2,900 meters (m). Two
shoals, the Hanna and Herald, are within the Chukchi Sea. These shoals rise above the surrounding
seafloor to approximately 20 m below sea level. There are two major canyons—Herald Canyon and
Barrow Canyon. The Barrow Sea Valley begins north of Wainwright and trends in a northeasterly
direction parallel to the Alaskan coast. Herald Valley is to the north. Hope Valley, a broad depression,
stretches from Bering Strait to Herald Canyon. These topographic features exert a steering effect on the
circulation patterns in this area. In contrast, the Beaufort shelf is a narrow shelf with no large topographic
features. Water depths within the Beaufort Sea program area range from 10-200 m.

The generalized circulation within the Beaufort and Chukchi seas is shown in Figure III.A-1. The
circulation is influenced primarily by the arctic circulation driven by large-scale atmospheric pressure
fields. Cyclonic (counterclockwise) winds centered over the central Arctic Ocean predominate, alternating
with anticyclonic (clockwise) winds for 5- to 7-year periods. In the Beaufort Sea, the large-scale, surface-
water circulation is dominated by the Beaufort Gyre, which moves water to the west in a clockwise motion
at a mean rate of about 5-10 centimeters per second (cm/s). Below the surface waters, on the shelf edge,
the Beaufort shelf-break jet moves to the east as a narrow current (Pickart, 2004). Long-term mean speeds
are about 5-10 cm/s, but daily mean values may be ten times greater. Deeper yet, Atlantic water flows to
the east as a boundary current in the Arctic.

On the Beaufort Sea shelf, the currents are determined by the alongshore winds. There are two distinct
circulation patterns—the open-water season from July to October and the ice-covered season from mid-
October to June. During the open-water season, primarily wind-driven currents are energetic, ranging from
10-100 cm/s. During the ice-covered season, the landfast ice decouples the wind stress from the water,
resulting in low current speeds. During this season, less than (<) 1% of the currents exceed 20 cm/s
(Weingartner and Okkonen, 2005).

In the Chukchi Sea, three branches of North Pacific waters move across the shelf in a northward direction.
This mean flow is primarily a product of the sea-level slope between the Pacific and the Arctic oceans. The
first of these currents, the Alaska Coastal Current, flows northeastward along the Chukchi Sea coast of
Alaska at approximately 4 cm/s (Coachman, 1993; Johnson, 1989; Weingartner et al., 1998). The Alaskan
coastal water is relatively warm and fresh showing the input from rivers, especially the Yukon River. The
other waters moving north are the Bering Sea-shelf water and the Gulf of Anadyr water. These move into
the Arctic Basin through Herald Valley and around Hanna Shoal. The Siberian Coastal Current flows
southward along the coast of Russia and is present in summer and fall (Weingartner et al., 1999).

The semidiurnal tidal range is only 6-10 cm in the Beaufort Sea (Matthews, 1980; Kowalik and Matthews,
1982; Morehead et al., 1992). Tidal currents generally are weak, about 4 cm/s (Kowalik and Proshutinsky,
1994). The level of the water changes constantly in response to the wind. Positive tidal surges occur with
strong westerly winds, while negative surges occur with strong easterly winds. Tides are small in the
Chukchi Sea, and the range generally is <30 cm. Tidal currents are largest on the western side of the
Chukchi and near Wrangel Island, ranging up to 5 cm/s (Woodgate, Aagaard, and Weingartner, 2005).

Waves in the Beaufort and Chukchi seas are controlled by wind and the amount of ice in the water, as ice
dampens waves. With a solid ice cover, no waves are generated. Under heavy ice-cover conditions during
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the colder months, there is little wave development. When the ice thins out, particularly during late
summer, the available open-water surface increases, and the waves grow in height. Typical wave heights
are <1.5 m, with a wave period of approximately 6 seconds during summer and <2.5 m during fall.
Expected maximum wave heights are 7-7.5 m in the Beaufort Sea and 8-9.5 m in the Chukchi Sea (Brower
et al., 1988). A late summer storm in the Beaufort and Chukchi seas in September 2000 developed waves
6-7 m high at Point Barrow (Lynch et al., 2003).

Widespread changes of temperature and salinity occurred in the central Arctic Ocean water column during
the first half of the 1990-1999 decade. We do not know to what extent the recent changes in the Arctic
Ocean are cyclical, whether they represent a trend, or if they are a modal shift. There were observations of
widespread temperature increases in the Atlantic water layer (Carmack et al., 1995; McLaughlin et al.,
1996; Morrison, Steel, and Anderson, 1998; Grotefendt et al., 1998). These appear related to an increased
temperature (Swift et al., 1998) and strength (Zhang, Rothrock, and Steele, 1998) of the Atlantic inflow
into the Arctic Basin. Increased transport caused a displacement of the Pacific-Atlantic water boundary
toward the Canadian Basin. The pronounced warming of Atlantic water in the central basin had tapered off
by 1998-1999 (Gunn and Muench, 2001; Boyd et al., 2002). Shimada et al. (2004) identify the remnants of
this warmed Atlantic Water recently reaching the Canadian Basin. Determining whether this trend persists
depends on acquiring additional data. Polyakov et al. (2005) report two warm Atlantic Water anomalies
(1999 and 2004) in the eastern Eurasian Basin that will propagate towards the Arctic Ocean interior with a
time lag. Polyakov et al. (2004) present data showing multidecadal fluctuations in temperature with time
scales of 50-80 years for Atlantic Water temperature variability.

The cold haloclyne layer, which insulates the sea ice from the relatively warm Atlantic waters, appears to
have retreated from the Eurasian Basin in recent years (Steele and Boyd, 1998). This has important
consequences for ice/ocean-heat exchange and ice-growth rates. Comparisons of recent and historical data
show that the Canada Basin waters are in transition and are responding to inflow from upstream
(McLaughlin et al., 2004). The appearance of higher temperatures near the Chukchi Plateau suggests that
temperatures will continue to increase in the Beaufort Sea in coming years.

Observations in the next years may be particularly significant in view of the changes observed in the Arctic
Oscillation, which had a persistent, positive phase through the 1990’s, but it has been negative or near
neutral for 6 of the years from 1996-2004 (Overland and Wang, 2005). This warming in the early 1990°s
was thought to be associated with cyclical, large-scale shifts in atmospheric forcing (Proshutinsky and
Johnson, 1997; Proshutinsky et al., 2000). Even without the driving force of a positive Arctic Oscillation,
arctic indicators continue to indicate a continuing trend of warming.

Lynch et al. (2001) examined the Barrow high-wind events from 1960-2000, and concluded that high-wind
events are common in fall and winter and rare in April, May, and June. They have not yet concluded
whether the more frequent storms and the storms in April, May, and June are part of a new pattern. The
longer open-water period and the increase in storm events could lead to increased storm-surge events.

I11.A.1.a. Sea Ice. Sea ice is frozen water with the salt extruded out of the ice mass. The northern
Alaskan coastal waters are covered by sea ice for three-quarters of the year, from approximately October
until June. Sea ice has a large seasonal cycle, reaching a maximum extent in March and a minimum in
September. The formation of sea ice has important influences on the transfer of energy and matter between
the ocean and atmosphere. It insulates the ocean from the freezing air and the blowing wind.

There are three major forms of sea ice in the Arctic: landfast ice (which is attached to the shore, is
relatively immobile, and extends to variable distances offshore); stamukhi ice (which is grounded, ridged
sea ice); and pack ice (which includes first-year and multiyear ice and moves under the influence of winds
and currents).

While there are wide-ranging spatial and temporal variations in arctic sea ice, the generalized annual
patterns are as follows:
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e September — Shore ice forms; the river deltas freeze; and frazil, brash, and greased ice form within
bays and near the coast.

e  Mid-October — Smooth, first-year ice forms within bays and near the coast. Thomas Napageak
remarked: “...The critical months [for ice formation] are October, November, and December”
(Napageak, as cited in Dames and Moore, 1996:7).

e November through May — Sea ice covers more than 97% of the areas. Spring leads form in the
Chukchi Sea.

e Late May — Rivers flood over the nearshore sea ice.

e Early June — River floodwaters drain from the surface of the sea ice. Sarah Kunaknana stated: “In
June and July when the ice is rotting in the little bays along the coast....” (Kunaknana, as cited in
Shapiro and Metzner, 1979).

The southern Chukchi Sea is free of sea ice 1-2 months longer each year than the northern Chukchi Sea.
Warmer water flowing north through the Bering Strait, combined with strong sunlight returning earlier in
the year at lower latitudes, melts or pushes the pack ice north starting as early as mid-June. The same
effect keeps the surface ice free longer in the fall, typically until mid-November.

Data obtained from aerial and satellite remote sensing show that leads and open-water areas form within
the pack-ice zone. Southwesterly storms cause leads to form in the Beaufort and Chukchi seas. Along the
western Alaskan Coast between Point Hope and Point Barrow, there often is a band of open water seaward
of the landfast-ice zone during winter and spring. This opening is at some times a well-defined lead and at
other times a series of openings (polynyas) in the sea ice. Between February and April, the average width
is <1 kilometer (km) (the extreme widths range from a few kilometers in February to 20 km in April) and is
open about 50% of the time. The Chukchi open-water system appears to be the result of the general
westward motion seen in the Beaufort Gyre. There also appears to be a positive correlation between the
average ice motion away from the coast and the mean wind direction, which is from the northeast for all
months except July (Stringer and Groves, 1991).

The analysis of longer term data sets and modeling indicate substantial reductions in both the extent and
thickness of the arctic sea-ice cover during the past 20-40 years, with record minimum extent in 2002 and
again in 2005, and extreme minima in 2003 and 2004 (Stroeve et al., 2005; NASA, 2005).

The extent of arctic sea ice (the area of ocean covered by ice), as observed mainly by satellite, has
decreased at a rate of about 3% per decade since the 1970’s (Parkinson et al., 1999; Johannessen, Shalina,
and Miles, 1999). Within Canadian Arctic waters, a similar rate of decrease has been observed over the
period 1969-2000. In recent years, satellite data have shown a further reduction in ice cover. In September
2002, sea ice in the Arctic reached a record minimum, 4% lower than any previous September since 1978
and 14% lower than the 1978-2000 mean (Serreze et al., 2003). Three years of low ice followed 2002.
Taking these 3 years into account, the September ice-extent trend for 1979-2004 is declining by 7.7% per
decade (Stroeve et al., 2005).

Comparison of sea-ice-draft data acquired on submarine cruises between 1993 and 1997, with similar data
acquired between 1958 and 1976, indicates that the mean ice draft at the end of the melt season has
decreased by about 1.3 m in most of the deepwater portions of the Arctic Ocean (from 3.1 m in 1958-1976
to 1.8 m in the 1990°s). The decrease is greater in the central and eastern Arctic than in the Beaufort and
Chukchi seas (Rothrock and Zhang, 2005). Preliminary evidence is that the ice cover has continued to
become thinner in some regions during the 1990°s (Rothrock, Yu, and Maykut, 1999). The average
thinning of the ice appears to be the result of both the diminished fraction of multiyear ice and the relative
thinning of all ice categories.

Changes in the landfast ice have been occurring. Events of shorefast ice breaking off have occurred near

Barrow in January or February and even as late as March (George et al., 2003). These events also have
increased in frequency.
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I11.A.2. Air Quality. The combination of limited industrial development and low population density
results in good to excellent air quality throughout the Chukchi and Beaufort seas area. Only a few small,
scattered emissions from widely scattered sources exist on the adjacent onshore areas. The only major
local sources of industrial emissions are in the Prudhoe Bay/Kuparuk/Endicott oil-production complex.
During the winter and spring, additional pollutants are transported by the wind to the Alaska Arctic Ocean
from industrial sources in Europe and Asia (Rahn, 1982). These pollutants cause a phenomenon known as
arctic haze.

The U.S. Environmental Protection Agency (USEPA) defines Air Quality Control Regions (AQCR’s) for
all areas of the United States and classifies them based on six “criteria pollutants,” and has established for
each of them a maximum concentration above which adverse effects on human health may occur. These
threshold concentrations are called National Ambient Air Quality Standards (NAAQS). When an area
meets NAAQS, it is designated as an “attainment area.” An area not meeting air quality standard for one of
the criteria pollutants is designated as a “nonattainment area.”

Areas are designated “unclassified” when insufficient information is available to classify areas as
attainment or nonattainment. All areas in and around the Chukchi and Beaufort seas are classified as
attainment areas.

The provisions of Alaska’s Prevention of Significant Deterioration (PSD) program are applied to
attainment areas and unclassified AQCR’s with good air quality to limit its degradation from development
activities. The areas are classified as PSD Class I, II, or III areas (in decreasing order of relative protection)
based on land status/use and the associated protection afforded to the area. The region of Alaska adjacent
to the Chukchi and Beaufort seas is a PSD Class II area. The nearest PSD Class I areas are the Bering Sea
Wilderness Area within the St. Matthew Island group and the Denali National Park. There are no Class III
areas in Alaska. States strive to allow industrial and commercial growth within PSD Class II areas without
causing significant degradation of existing air quality or exceeding the NAAQS.

111.B. Acoustic Environment.

Sounds generated by the oil and gas industry are propagated into a marine environment that already
receives sounds from numerous natural and human sources. Ambient noise levels in the Beaufort and
Chukchi seas can vary dramatically between and within seasons because of: (1) variability in components
of environmental conditions such as sea ice, temperature, wind, and snow; (2) the presence of marine
mammals; (3) the presence of industrial shipping, research activities, and subsistence activities; and (4)
other miscellaneous factors. In general, the ambient noise in the Arctic marine environment is in the range
of 63-133 dB (Burgess and Greene, 1999) and varies seasonally. A complete description of all producers
of noise is beyond the scope of this document. The main sources of noise, both natural and anthropogenic
(manmade), occurring in the Beaufort and Chukchi seas are described below.

111.B.1. Existing Environment. The acoustic environment of the Arctic Subregion varies greatly
among seasons and between specific areas. During much of the year, in many marine areas in this
subregion, there are few near-field marine-noise sources of human origin and limited, but increasing, land-
based sources of noise that affect the OCS in the Arctic Subregion.

111.B.1.a. Ambient Sound. Natural sound sources in the Beaufort and Chukchi seas include the wind
stirring the surface of the ocean, lightning strikes; animal vocalizations and noises (including whale calls,
echolocation clicks, and snapping shrimp); subsea earthquakes; and ice movements. Burgess and Greene
(1999) report that collectively, these sources create an ambient noise range of 63-133 dB.

The presence of ice can contribute significantly to ambient noise levels and affects sound propagation. As
noted by the National Research Council (NRC) (2001:39), “An ice cover radically alters the ocean noise
field...” with factors such as the “...type and degree of ice cover, whether it is shore-fast pack ice, moving
pack ice and...floes, or at the marginal ice zone...,” and temperature, all affecting ambient noise levels.
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The NRC (2001, citing Urick, 1984) reported that variability in air temperature over the course of the day
can change received sound levels by 30 dB between 300 and 500 Hertz (Hz).

Temperature affects the mechanical properties of the ice, and temperature changes can result in cracking.

In winter and spring, landfast ice produces significant thermal cracking noise (Milne and Ganton, 1964). In
areas characterized by a continuous fast-ice cover, the dominating source of ambient noise is the ice
cracking induced by thermal stresses (Milne and Ganton, 1964). The spectrum of cracking noise typically
displays a broad range from 100 Hz-1 kiloHertz (kHz), and the spectrum level has been observed to vary as
much as 15 dB within 24 hours due to the diurnal change of air temperature. Ice deformation occurs
primarily from wind and currents and usually produces low frequency noises. Data are limited, but at least
in one instance it has been shown that ice-deformation noise produced frequencies of 4-200 Hz (Greene,
1981). As icebergs melt, they produce additional background noise as the icebergs tumble and collide.

While sea ice can produce significant amounts of background noise, it also can function to dampen ambient
noise. Areas of water with 100% sea-ice cover can reduce or completely eliminate noise from waves or
surf (Richardson et al, 1995a). Because ice effectively decreases water depth, industrial sounds may not
propagate as well at the lowest frequencies (Blackwell and Greene, 2002). The marginal ice zone, the area
near the edge of large sheets of ice, usually is characterized by quite high levels of ambient noise compared
to other areas, in large part due to the impact of waves against the ice edge and the breaking up and rafting
ofice floes (Milne and Ganton, 1964). In the Arctic, wind and waves (during the open-water season) are
important sources of ambient noise with noise levels tending to increase with increased wind and sea state,
all other factors being equal (Richardson et al., 1995a).

Marine mammals can contribute significantly to the background noise in the acoustic environment of the
Beaufort and Chukchi seas. Frequencies and levels are highly dependent on seasons. For example, source
levels of bearded seal songs have been estimated to be up to 178 decibels re 1 microPascal at 1 meter (178
dre 1 pPa at 1 m) (Cummings et al., 1983). Ringed seal calls have a source level of 95-130 dB re 1 pPa at
1 m, with the dominant frequency under 5 kHz (Richardson et al., 1995a). Bowhead whales, which are
present in the Arctic Region from early spring to mid- to late fall, produce sounds with source levels
ranging from 128-189 dB re 1 uPa at 1 m in frequency ranges from 20-3,500 Hz. Richardson et al. (1995a)
summarized that most bowhead whale calls are “tonal frequency-modulated (FM)” sounds at 50-400 Hz.
There are many other species of marine mammals in the arctic marine environment whose vocalizations
contribute to ambient noise including, but not limited to, the gray whale, walrus, ringed seal, beluga whale,
spotted seal, fin whale (in the southwestern areas) and, potentially but less likely, the humpback whale. In
air, sources of sound will include seabirds (especially in the Chukchi Sea near colonies), walruses, and
seals.

There is a great deal of naturally occurring noise in the ocean from volcanic, earthquake, wind, ice, and
biotic sources (see Richardson et al., 1995a:Chapter 5). Ambient noise levels affect whether a given sound
can be detectable by a receiver, including a living receiver, such as a whale. Ambient-noise levels can
change greatly throughout the course of a season at a particular site, and vary from site to site.

111.B.1.b. Anthropogenic Sound. Human sources include noise from vessels (motor boats used for
subsistence and local transportation, commercial shipping, research vessels, etc.); navigation and scientific
research equipment; airplanes and helicopters; human settlements; military activities; and marine
development. Table III.B-1 provides a comparison of manmade sound levels from various sources
associated with the marine environment.

111.B.1.b(1) Vessel Activities and Traffic. Shipping noise, often at source levels of 150-190 dB, since
1950 has contributed a worldwide 10- to 20-dB increase in the background noise in the sea (Acoustic
Ecology Institute, 2005). The types of vessels that produce noise in the Beaufort and Chukchi seas include
barges, skiffs with outboard motors, icebreakers, scientific research vessels, and vessels associated with
geological and geophysical exploration and oil and gas development and production. In the Beaufort and
Chukchi seas, vessel traffic and associated noise presently is limited primarily to late spring, summer, and
early autumn.
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In shallow water, vessels more than 10 km away from a receiver generally contribute only to background
noise (Richardson et al., 1995a). In deep water, traffic noise up to 4,000 km away may contribute to
background-noise levels (Richardson et al., 1995a). Shipping traffic is most significant at frequencies from
20-300 Hz (Richardson et al., 1995a). Barging associated with activities such as onshore and limited
offshore oil and gas activities, fuel and supply shipments, and other activities contributes to overall ambient
noise levels in some regions of the Beaufort Sea. The use of aluminum skiffs with outboard motors during
fall subsistence whaling in the Alaskan Beaufort Sea also contributes noise. Fishing boats in coastal
regions also contribute sound to the overall ambient noise. Sound produced by these smaller boats
typically is at a higher frequency, around 300 Hz (Richardson et al., 1995a).

Icebreaking vessels used in the Arctic for activities including research and oil and gas activities produce
stronger, but also more variable, sounds than those associated with other vessels of similar power and size
(Richardson et al., 1995a). Even with rapid attenuation of sound in heavy ice conditions, the elevation in
noise levels attributed to icebreaking can be substantial out to at least 5 km (Richardson et al., 1991). In
some instances, icebreaking sounds are detectable from more than 50 km away. In general, spectra of
icebreaker noise are wide and highly variable over time (Richardson et al., 1995a).

111.B.1.b(2) Oil and Gas Development and Production Activities. There currently are a few oil-
production facilities on artificial islands in the Beaufort Sea. Typically, noise propagates poorly from
artificial islands, as it must pass through gravel into the water (Richardson et al., 1995a). Much of the
production noise from oil and gas operations on gravel islands is substantially attenuated within 4 km and
often not detectable at 9.3 km.

Recently Richardson and Williams (2004) summarized results from acoustic monitoring of the offshore
Northstar production facility from 1999-2003. Northstar is located on an artificial gravel island in the
central Alaskan Beaufort Sea. In the open-water season, in-air broadband measurements reached
background levels at 1-4 km and were not affected by vessel presence. However, Blackwell and Greene
(2004) pointed out that ““...an 81 Hz tone, believed to originate at Northstar, was still detectable 37 km
from the island.” Based on sounds measurements of noise from Northstar obtained during March 2001 and
February-March 2002 (during the ice-covered season), Blackwell et al. (2004) found that background levels
were reached underwater at 9.4 km when drilling was occurring and at 3-4 km when it was not.

Irrespective of drilling, in-air background levels were reached at 5-10 km from Northstar.

During the open-water season, vessels such as tugs, self-propelled barges, and crew boats were the main
contributors to Northstar-associated underwater sound levels, with broadband sounds from such vessels
often detectable approximately 30 km offshore. In 2002, sound levels were up to 128 dB re 1 pPa at 3.7
km when crew boats or other operating vessels were present (Richardson and William, 2003). In the
absence of vessel noise, averaged underwater broadband sounds generally reached background levels 2-4
km from Northstar. Underwater sound levels from a hovercraft, which BPXA began using in 2003, were
quieter than similarly sized conventional vessels.

Typically, noise propagates poorly from artificial islands, as it must pass through gravel into the water
(Richardson et al., 1995a). Richardson et al. (1995a) reported that during unusually quiet periods, drilling
noise from ice-bound islands would be audible at a range of about 10 km, when the usual audible range
would be ~2 km. Richardson et al. (1995a) also reported that broadband noise decayed to ambient levels
within ~1.5 km, and low-frequency tones were measurable to ~9.5 km under low ambient-noise conditions,
but were essentially undetectable beyond ~1.5 km with high ambient noise.

111.B.1.b(3) Miscellaneous Sources. Acoustical systems are associated with some research, military,
commercial, or other vessel use of the Beaufort or Chukchi seas. Such systems include multibeam sonar,
sub-bottom profilers, and acoustic Doppler current profilers. Active sonar is used for the detection of
objects underwater. These range from depth-finding sonar, found on most ships and boats, to powerful and
sophisticated units used by the military. Sonar emits transient, and often intense, sounds that vary widely
in intensity and frequency. Acoustic pingers used for locating and positioning oceanographic and
geophysical equipment also generate noise at high frequencies. LGL, Ltd. (2005) describes many examples
of acoustic navigational equipment.
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111.B.1.c. Potential Effect of Climate Change. Available evidence indicates that the total extent of arctic
sea ice has declined over the past several decades; these declines are not consistent across the Arctic
(Gloersen and Campbell, 1991; Johannessen, Miles, and Bjorgo, 1995; Maslanki, Serreze, and Barry, 1996;
Parkinson et al., 1999; Vinnikov et al., 1999). Warming trends in the Arctic (Comiso, 2003) appear to be
affecting thickness of multiyear ice in the polar basin (Rothrock, Yu, and Maykut, 1999) and perennial sea-
ice coverage (declines 9% per decade) (Comiso, 2002a,b).

The presence, thickness, and movement of sea ice significantly influence the ice’s contribution to ambient
noise levels. The presence of sea ice also affects the timing, nature, and possible locations of human
activities such as shipping; research; barging; whale hunting; oil- and gas-related exploration (e.g., seismic
surveys and drilling); military activities; and other activities that introduce noise into the marine
environment. Because of sea ice and its effects on human activities, ambient noise levels in the Beaufort
and Chukchi seas can vary dramatically between seasons and sea-ice conditions. The presence of ice also
impacts which marine species are present, another factor that influences ambient noise levels.

If arctic warming continues, it is likely that changes in the acoustic environment also will occur in many
parts of the waters off Alaska (Tynan and DeMaster, 1997; Brigham and Ellis, 2004). Climate warming
potentially could: (a) increase noise and disturbance related to increased shipping and other vessel traffic,
and possibly increased development; (b) expand commercial fishing and/or cause a change in areas where
intensive fishing occurs; (c) decrease year-round ice cover; (d) change subsistence-hunting practices; and
(e) change the distribution of marine mammal species (MacLeod et al., 2005).

111.B.2. Sound Propagation. Underwater sound essentially is the transmission of energy via compression
and rarefaction of particles in the conducting medium (i.e., in this case, seawater). The pressure pulse from
a sound source propagates outwards in an expanding spherical shell at approximately 1,500 meters per
second (m/s) (in seawater). As the shell expands, the energy contained within it is dispersed across an
ever-increasing surface area, and the energy per unit area decreases in proportion to the square of the
distance traveled from the source.

Properties of sound that influence how far that sound is transmitted, what species hear it, and what physical
and behavioral effects it can have include: its intensity, frequency, amplitude, wavelength, and duration;
distance between the sound source and the animal; whether the sound source is moving or stationary; the
level and type of background noise; and the auditory and behavioral sensitivity of the species (Richardson
et al., 1995a). The frequency of the sound usually is measured in Hertz, pressure level in microPascals
(Gausland, 1998), and intensity levels in decibels (Richardson et al., 1995a; McCauley et al., 2000).
McCauley et al. (2000) and others (see references in McCauley et al., 2000) express this in terms of its
equivalent energy dB re 1 uPa’. The perceived loudness of any given sound is influenced by many factors,
including both the frequency and pressure of the sound (Gausland, 1998), the hearing ability of the listener,
the level of background noise, and the physical environment through which the sound traveled before
reaching the animal.

Based on summaries in key references (e.g., Richardson et al, 1995a; Gausland, 1998; Ketten, 1998), and
other references as noted, the following information about sound transmission is relevant to understanding
the characteristics of sound in the marine environment:

e Sound travels faster and with less attenuation in water than it does in air.

e The fate of sound in water can vary greatly, depending on characteristics of the sound itself,
characteristics of the location where it is released, characteristics of the environment through
which it travels (Richardson et al., 1995a; McCauley et al., 2000), and the characteristics (for
example, depth, orientation) of the receiver (Richardson et al., 1995a; Gausland, 1998).

e Sound propagation can vary seasonally in the same environment.

e Extrapolation about the likely characteristics of a given type of sound source in a given location
within the Chukchi and Beaufort seas based on published studies conducted elsewhere is
somewhat speculative, because characteristics of the marine environment such as bathymetry,
sound-source depth, and seabed properties greatly impact the propagation of sound horizontally
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from the source (McCauley et al., 2000; see also Chapter 4 in Richardson et al., 1995a and
references provided therein). Richardson et al. (1995a:425) summarized that: “...a site-specific
model of sound propagation is needed to predict received sound levels in relation to distance from
a noise source.” Especially within the Chukchi Sea Planning Area, differences in site
characteristics in different parts of the planning area make predictions about sound propagation
relatively difficult.

e  Because the air-water interface acts as a good reflector, sound generated underwater generally will
not pass to the air (Gausland, 1998).

Measurement of underwater sound levels historically has been complicated by a system of inconsistent and
confusing units. Sound pressures in underwater sound studies are reported in terms of peak-peak, 0-peak,
peak-equivalent rms, and rms (root-mean-square) (Madsen, 2005). Root-mean-square is linked to the
derivation of power measurements from oscillating signals. The magnitude of sound pressure levels in
water normally is described by sound pressure on a decibel scale relative to a reference rms pressure of 1
pPa (dB re 1 uPa) (Madsen, 2005).

Results from underwater-noise studies can be difficult to evaluate and compare, as decibel levels may vary
by 10 dB or more between the different units of measure. Sound pressure of continuous sound sources
normally is parameterized by an rms measure, while transient sound normally is given in peak pressure
measures.

In unbounded seawater (i.e., in the deep oceanic locations, or at close ranges to a source in shallower shelf
waters), free field spherical spreading will occur. Once the horizontal propagation path becomes
substantially greater than the water depth, a ducted form of spreading tends to occur due to reflections from
the seabed and surface. In a duct with perfectly reflective boundaries, the spreading would become
cylindrical. In reality, the boundaries, and the seabed in particular, are not perfect reflectors, and there is
some loss of energy from the water column as the sound propagates. When impulse sounds propagate in a
highly reverberant environment, such as shallow water, the energy becomes spread in time due to the
variety of path lengths and group velocities supported. The precise rate at which loss will occur is variable
and will be site specific, depending on such factors as seabed type.

111.B.3. Seismic Sound. The oil and gas industry in Alaska conducts marine geophysical surveys in the
summer and fall, and on-ice seismic surveys in the winter, to locate geological structures potentially
capable of containing petroleum accumulations. These surveys use individual airguns or a combination of
individual airguns called an airgun array to produce high-energy sound waves that typically are aimed
directly at the seafloor. The sound is created by the venting of high-pressure air from the airguns into the
water column and the subsequent production of an air-filled cavity (a bubble) that expands and contracts,
creating sound with each oscillation. Airgun output usually is specified in terms of zero-to-peak or peak-
to-peak levels. Airgun sizes are quoted as chamber volumes in cubic inches, and individual guns may vary
in size from a few tens to a few hundreds of cubic inches. While the seismic airgun pulses are directed
towards the ocean bottom, sound propagates horizontally for several kilometers (Greene and Richardson,
1988; Hall et al., 1994). In waters 25-50 m deep, sound produced by airguns can be detected 50-75 km
away, and these detection ranges can exceed 100 km in deeper water (Richardson et al., 1995a). Typically,
an airgun array is towed behind a vessel at 4-8 m depth (see Figures I.LE-1 and III.B-1) and is fired every
10-15 seconds. The ship also may be towing long cables with hydrophones (streamers), which detect the
reflected sounds from the seafloor.

Airgun-array sizes are quoted as the sum of their individual airgun volumes and again can vary greatly.
The array output is determined more by the number of guns than by the total array volume (Fontana, 2003,
pers. commun.). For single airguns the zero-peak acoustic output is proportional to the cube root of the
volume. As an example, compare two airgun configurations with the same total volume. The first array
consists of one airgun with a total volume of 100 cubic inches (in’) resulting in a cube root of 4.64. The
second array has the same total volume, but consists of five 20-in’ guns. The second array has an acoustic
output nearly three times higher (5 times the cube root of 20 = 13.57) than the single gun, while the gun
volumes are equal. The output of a typical two-dimensional/3-dimensional (2D/3D) array has a theoretical
point-source output of ~255 dB + 3 dB (Barger and Hamblen, 1980; Johnston and Cain, 1981); however,
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this is not realized in the water column, and maximum real pressure is more on the order of 232 dB + 3 dB
and typically only occurs within 1-2 m of the airguns.

The depth at which the source is towed has a major impact on the maximum near-field output, and on the
shape of its frequency spectrum. The root-mean-square (rms) received levels that are used as impact
criteria for marine mammals are not directly comparable to the peak or peak-to-peak values normally used
to characterize source levels of airguns. The measurement units used to describe airgun sources, peak or
peak-to-peak decibels, are always higher than the rms decibels referred to in much of the biological
literature. A measured received level of 160 dB rms in the far field typically would correspond to a peak
measurement of about 170-172 dB, and to a peak-to-peak measurement of about 176-178 dB, as measured
for the same pulse received at the same location (Greene, 1997; McCauley et al., 1998, 2000). The precise
difference between rms and peak or peak-to-peak values for a given pulse depends on the frequency
content and duration of the pulse, among other factors. However, the rms level is always lower than the
peak or peak-to-peak level for an airgun-type source.

Tolstoy et al. (2004) collected empirical data concerning 190-, 180-, 170-, and 160-dB (rms) distances in
deep (~3,200 m) and shallow (~30 m) water for various airgun-array configurations during the acoustic
calibration study conducted by Lamont-Doherty Earth Observatory in the northern Gulf of Mexico. Results
demonstrate that received levels in deep water were lower than anticipated based on modeling, while
received levels in shallow water were higher.

Seismic sounds vary, but a typical 2D/3D seismic survey with multiple guns would emit energy at about
10-120 Hz, and pulses can contain energy up to 500-1,000 Hz (Richardson et al. 1995a). Goold and Fish
(1998) recorded a pulse range of 200 Hz-22 kHz from a 2D survey using a 2,120-in’ array.

Richardson et al. (1995a) summarized that typical signals associated with vibroseis sound source used for
on-ice seismic survey sweep from 10-70 Hz, but harmonics extend to about 1.5 kHz (Richardson et al.,
1995a). In this activity, hydraulically driven pads mounted beneath a line of trucks are used to vibrate, and
thereby energize the ice. Noise incidental to the activity is introduced by the vehicles associated with this
activity.

Safety Radii for Marine Mammals. Safety radii traditionally are established around a seismic-survey
operation to help prevent potential harm to marine mammals that are exposed to the high-energy sound
sources. The safety radii around an airgun array vary with water depth. Tolstoy et al. (2004) provide both
predicted and measured values for a variety of airgun configurations ranging from 2-20 airguns. Recent
National Marine Fisheries Service (NMFS) incidental harassment authorizations (IHA’s) (e.g., Lamont-
Doherty, 2005; University of Alaska, 2005) used the data from Tolstoy et al. (2004) to estimate safety radii
and exclusion zones for shallow (<100 m), intermediate, (100-1,000 m), and deep (greater than [>] 1,000
m) waters, depending on the type of airgun configuration used. No measurements were made for
intermediate-depth waters. The NMFS currently estimates these safety zones using a 1.5x correction factor
from deepwater data.

The NMFS has established two levels of harassment: Level A and Level B. Simplified, Level A
harassment has the potential to injure a marine mammal, while Level B harassment is a disturbance impact.
Current Level A harassment criteria for nonexplosive sounds are 180 dB for cetaceans and 190 dB for
pinnipeds. A Level B harassment criterion for impulse noises is 160 dB. These criteria are then coupled
with existing data (e.g., Tolstoy et al., 2004) or field-test data to determine exclusion zones or safety radii
on a case-by case basis based on water depths and airgun configurations. Typically, lower output systems
produce smaller exclusion zones.

As stated earlier in Section II.A.3 (Alternative 3), the 120-dB isopleth is the approximate zone where
Richardson et al. (1999) found at 20-km almost total bowhead whale exclusion. Sound levels received by
bowhead whales at 20 km ranged from 117-135 dB re 1 pPa rms and 107-126 dB re 1 pPa rms at 30 km,
and it is the level recommended by the 2001 open-water meeting participants to show where significant
responses by bowhead whales in the Beaufort Sea occurs. An issue complicating the use of the 120-dB
isopleth for delimiting the exclusion zone is that it lies within the reported ambient range of sounds (66-133
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dB) in the marine environment (Burgess and Green, 1999) and, therefore, would be masked by other sound
sources.

I11.C. Cumulative Activity Scenario.

This section primarily focuses on those activities and events that could introduce noise into the marine
environment or otherwise potentially impact local fish, wildlife, and subsistence activities during the period
of the Proposed Action, specifically the 2006 open-water season. The Proposed Action is to possibly
permit four marine seismic surveys in both the Chukchi and Beaufort seas in 2006. The scenario will serve
as the basis for assessing the cumulative impacts (see Sec. III.H - Cumulative Impacts Analysis) of the
Proposed Action on local fish and wildlife resources and the Inupiat culture that depends on them for
subsistence-harvest activities.

The main agents of the cumulative activities scenario are past, present and foreseeable: (1) marine seismic
surveys; (2) vessel traffic and movements; (3) aircraft traffic; (4) oil and gas exploration in Federal and
State waters; and (5) miscellaneous activities and factors. Incorporated by reference are the following
reports and documents, which have a more thorough description of the cumulative activities associated with
oil and gas exploration and development on the North Slope and neighboring Beaufort and Chukchi seas:
NRC, 2003; USDOI, BLM and MMS, 1998; USDOI, BLM 2002, 2005. Also see Section III.B for a
detailed description of the acoustic environment in the Chukchi and Beaufort seas.

I11.C.1. Marine Seismic Surveys in the Beaufort and Chukchi Seas.

I111.C.1.a. OCS Seismic-Survey Activities. The MMS-permitted seismic surveys have been conducted in
the Chukchi and Beaufort seas since the late 1960°s/early 1970°s. There are currently no active seismic-
exploration permits in the Beaufort and Chukchi seas.

Between 1970 and 1975, 12 MMS Geological and Geophysical (G&G) permits were issued for Chukchi
Sea 2D marine seismic surveys, and no MMS G&G permits were issued between 1976 and 1982. Seismic-
survey activity increased between 1982 and 1991, when MMS issued 30 G&G permits. To date, no 3D
seismic surveys have been conducted in the Chukchi Sea OCS. Approximately 80,000 line-miles of 2D
seismic surveys have been collected to date in the Chukchi Sea Planning Area.

More MMS-permitted seismic activity has occurred in the Beaufort Sea OCS than in the Chukchi Sea OCS.
The 2D marine seismic surveys in the Beaufort Sea began with two G&G permits issued in 1968 and four
in 1969. Both over-ice (29 G&G permits) and marine (43 G&G permits) 2D seismic surveys were
conducted in the 1970’s. With one exception, the 80 marine and 43 over-ice surveys permitted in the
Beaufort Sea OCS by MMS in the 1980’s were 2D. In the 1990’s, both 2D (2 over-ice and 21 marine) and
3D (11 over-ice and 7 marine ocean-bottom-cable [OBC]) seismic surveys were conducted. The first 3D
over-ice survey occurred in the Beaufort Sea OCS in 1983 and the first marine (OBC) 3D seismic survey
occurred in 1996. More than 100,000 line-miles of 2D and 3D seismic surveys have been collected to date
in the Beaufort Sea Planning Area.

The most G&G permits issued in any one year in the Chukchi Sea was seven (6 marine and 1 over-ice) in
1986. In the Beaufort Sea, 23 MMS G&G permits were issued in 1982 (11 marine and 12 over-ice 2D
surveys) and 24 MMS G&G permits were issued in 1983 (1, 3D over-ice survey; 14, 2D over-ice surveys;
and, 9, 2D marine surveys). Figures II11.C-1, II1.C-2, and III.C-3 illustrate cumulatively, the geographic
extent of OCS-permitted seismic surveys conducted in the Beaufort and Chukchi seas beginning in the
1970’s and through 2004.

As part of a lease agreement between the MMS and lessee and per regulations (30 CFR 250), high-
resolution site-clearance surveys are conducted on leased blocks, along with side-scan sonar surveys to
detect geohazards, archaeological resources, and certain types of benthic communities. Such high-
resolution data may be used for initial site evaluation for drilling rig emplacement and for platform or
pipeline design and emplacement. In the 1980’s, five high-resolution site-clearance surveys were
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conducted in the Chukchi Sea OCS prior to five exploration wells being drilled. To date, high-resolution
site-clearance surveys in the Beaufort Sea OCS were conducted for 30 exploration wells. Additional site-
clearance surveys may have been conducted in the Proposed Action area where no exploration wells were
drilled. No high-resolution site-clearance surveys are expected to occur in the Chukchi Sea in 2006, and
none would be expected to occur until after proposed Chukchi Sea Lease Sale 193 in 2007. In the Beaufort
Sea OCS, site-clearance surveys in 2006 are expected on up to three oil and gas prospects.

Given the growing interest of oil and gas companies to explore and develop oil and gas resources on the
Arctic Ocean OCS, there is the potential that seismic surveys will continue in the Chukchi and Beaufort
seas beyond 2006. Surveys beyond 2006 are dependent on: (1) the amount of data that is collected in
2006; (2) what the data indicate about the subsurface geology; and (3) the results of Beaufort Sea Sale 202
and Chukchi Sea Sale 193. Table III.C-1 provides information about the potential level and type of
seismic-survey activities that may occur in the Beaufort and Chukchi seas between 2006 and 2010.
Potential seismic-survey activity beyond 2006 will be addressed in the draft EIS for the OCS Oil and Gas
Leasing Program, 2007 to 2012. The MMS anticipates that future seismic surveys will focus on areas
surrounding currently and previously leased blocks in the Beaufort and Chukchi seas. Figure I11.C-4
illustrates the existing locations of MMS OCS leases in the Beaufort Sea, and Figure II1.C-5 illustrates the
locations of those MMS OCS blocks previously leased to the oil and gas industry in the Chukchi Sea. All
of these leases have been relinquished or expired.

111.C.1.b. State of Alaska Seismic-Survey Activities. Seismic surveys for exploration purposes in State
of Alaska (State) waters (mean high tide line to 3 miles [mi] offshore) are authorized under Miscellaneous
Land Use Permits; however, seismic surveys conducted for other purposes, such as shallow hazard
assessments, do not require permits unless they are not conducted from the ice and/or involve contact with
the seafloor (Schultz, pers. commun., as cited in Wainwright, 2002).

Since 1969, the State has issued 42 permits for seismic-survey activities in the Beaufort Sea. The number
and types of airgun-type seismic permits issued since then are as follows:

e 1969 1 2D

e 1970’s 23 20, 2D marine streamer and 3, 2D OBC
e 1980’s 13 2D marine streamer

e 1990’s 3 2,3D OBC and 1, 2D marine streamer
e 2000-2002 3 3D OBC

e 2002 to date 0

To date, the State has not issued any seismic survey permits for the Chukchi Sea (Rader, ADNR, pers.
commun.). One permit is likely to be issued in 2006 by the State for an OBC seismic survey in the
Beaufort Sea. Table III.C.1 provides information about what the State of Alaska believes will be the level
and type of seismic-survey activities occurring in the Beaufort and Chukchi seas between 2006 and 2010.

111.C.1.c. Other Seismic-Survey Activities. Occasionally, seismic surveys are conducted in the Arctic
Ocean for scientific-research purposes. These surveys often use seismic-research vessels that employ a
variety of airgun configurations, as well as multibeam bathymetric sonar, a sub-bottom profiler, and other
standard acoustic-research instrumentation. The MMS issues geophysical scientific-research permits for
any oil- and gas-related investigation conducted in the OCS for scientific and/or research purposes.
Historically the MMS rarely issued such permits for the Beaufort and Chukchi seas, and none are expected
to be issued in 2006 or the foreseeable future. The MMS is aware of at least one non-oil- and gas-related
scientific seismic survey that will be conducted in and near the project action area in 2006. The University
of Texas, Austin, with research funding from the National Science Foundation plans to conduct a marine
seismic survey in the western Canada Basin, Chukchi Borderland, and Mendeleev Ridge, Arctic Ocean,
during approximately July 15 to August 25, 2006. The project will include collection of seismic reflection
and refraction data as well as sediment coring. Additional information about the University of Texas’s
research is located at http://www.nsf.gov/od/opp/arctic/arc_envir/healy ea 06.pdf.
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A seismic-survey similar to the proposed 2D survey in the Chukchi Sea is expected to be conducted in late
summer to early fall 2006 in the Mackenzie Delta region of the Canadian Beaufort Sea. No additional
activities in the Russian Chukchi Sea have been identified that would occur during the time period covered
in this PEA.

111.C.2. Vessel Traffic and Movements. Vessels are the greatest contributors to overall noise in
the sea. Sound levels and frequency characteristics of vessel noises underwater generally are related to
vessel size and speed. Larger vessels generally emit more sound than smaller vessels, and those underway
with a full load, or those pushing or towing a load, are noisier than unladen vessels. The primary sources of
sounds are engines, bearings, and other incidental mechanical parts. The sound from these sources reaches
the water through the vessel hull. The loudest sounds are made by the spinning propellers. Navigation and
other vessel-operation equipment also generate subsurface sounds.

Aside from seismic survey vessels associated with the Proposed Action, overall vessel traffic in the
Proposed Action area is expected to be limited. The majority of other vessels expected to transit through
the Proposed Action area and/or within 12.5 mi (20 km) of the coast and will include, at a minimum,
vessels used for fishing and hunting, cruise ships, icebreakers, Coast Guard vessels, and supply ships and
barges (LGL Alaska Research, 2006).

The Beaufort and Chukchi seas, unlike other OCS areas in the United States, do not support an extensive
maritime industry transporting goods between major ports. However, during ice-free months (June to
October), barges are used for supplying the local communities, Alaskan Native villages, and the North
Slope oil-industry complex at Prudhoe Bay with larger items that cannot be flown in on regular commercial
air carriers. Barge-transported commodities include diesel fuel for electric power generation, gasoline and
other petroleum products, raw materials, and manufactured goods. Usually, one large fuel barge and one
supply barge visit the villages per year and one barge per year traverses through the Arctic Ocean to the
Canadian Beaufort Sea.

Existing oil-field developments on the North Slope are serviced by land, air, and sea. Tug and barge traffic
associated with the onshore oil-development travel mainly in nearshore waters along the coast. Major
sealifts into the industrial complex at Prudhoe Bay occur frequently. Between 1968 and 1990,
approximately 480 sealifts (averaging 22 per year) were made to Prudhoe Bay, which corresponds to the
time period when the complex was constructed and subsequently expanded. Since then, approximately 40
sealifts have been made to Prudhoe Bay (averaging 2-3 per year); however, in many years, no sealift
occurred.

The Proposed Action area lies within the Northwest Passage, and from the first transit through 2004, 99
vessel transits (62 eastbound and 37 westbound), mostly by icebreakers, have occurred. Twenty-seven of
these carried passengers (Brigham and Ellis, 2004). Arctic marine transport in the Proposed Action area is
likely to increase as indicated by the following: from 1977-2005 there have been 61 North Pole transits (17
in just the last year) and 7 trans-Arctic voyages (Brigham, 2005). Cargo transport in the Arctic (primarily
outside the Chukchi and Beaufort seas area) is also expected to increase due to increased petroleum and
mining activities and the need for future supplies for these industries (PAME, 2000).

Service vessels that support various requirements of offshore oil and gas activities are categorized into
supply, crew, and utility vessels, each of which produce noise above and under water; discharges; and air
emissions. Service-vessel trips usually are greatest during exploration, drilling, and construction phases
and are greatly reduced during the production phase.

Vessel strikes and gear interactions with marine mammals, a biological resource category of concern in this
PEA, in the Arctic Ocean is rare, in part because commercial fisheries and overall vessel traffic in the
Alaska Beaufort Sea are very limited. The rate of interactions may have increased slightly in recent years
(NMEFS, 2003a).
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I11.C.3. Air Traffic. Underwater sounds from aircraft are transient, that is, passing quickly into and
out of existence. The primary sources of aircraft noise are the engine(s) (either reciprocating or turbine)
and rotating rotors or propellers. Sound levels from both helicopters and fixed-wing aircraft are at
relatively low frequencies (usually below 500 Hz) and are dominated by harmonics associated with the
rotating propellers and rotors (Smith, 1989; Hubbard, 1995). The duration of sound from a passing aircraft
is variable, depending on the aircraft type, direction of travel, receiver depth, and altitude of the source
(Green, 1985).

Aircraft are used in the Beaufort and Chukchi seas area for transporting supplies and personnel to local
communities and industrial complexes (e.g., Deadhorse, Prudhoe Bay, and Red Dog Mine); conducting
research (e.g., marine mammal and marine bird surveys); recreation and tourism; monitoring weather and
oceanographic conditions; and military exercises and surveillance. Much of this air traffic occurs over
land.

In 2006, MMS will continue its annual Bowhead Whale Aerial Survey Program (BWASP), which usually
begins September 1 and ends October 20. All surveys would be conducted at an elevation between 1,000
and 1,500 feet (ft). Other marine mammal research-related aerial surveys are likely to occur in the Arctic
Ocean in 2006, and possibly at elevations lower than 1,000 ft.

Hovercraft and helicopter support has largely replaced crew boat traffic to the Northstar Island oil
production facility during the open-water season.

The Proposed Action is expected to generate some aircraft traffic, as helicopters may be used to transport
personnel and supplies to and from the seismic survey vessels.

111.C.4. Oil and Gas Development in Federal and State Waters.

111.C.4.a. Federal OCS Activities. The following summary of OCS-related oil and gas activities contains
information obtained from MMS’ Liberty Development and Production Plan EIS (USDOI, MMS, 2002)
and Beaufort Sea multiple-sale EIS (USDOI, MMS, 2003a).

There have been no lease sales and virtually no petroleum exploration in the Chukchi Sea since 1991. Two
lease sales were held on different parts of the Chukchi OCS in 1988 and 1991, but only a small fraction of
the tracts were leased by industry (483 leases, or approximately 5% of the tracts offered). The northeast
portion of the current Chukchi Planning Area was part of the Beaufort Planning Area until 1995 and was
offered for lease in several Beaufort sales. Five exploration wells drilled in 1989-1991 tested five large
prospects, none of which resulted in commercial-size discoveries. There have been no active leases in the
Chukchi Sea since 1998.

In February 2005, the MMS issued a Call for Information to the oil and gas industry and found that there
was renewed interest in leasing blocks in the Chukchi Sea. Based on this show of interest, MMS issued a
Notice of Intent in September 2005 indicating that MMS planned to prepare an EIS and proposed to hold
Lease Sale 193 in the Chukchi Sea. The lease sale is scheduled to occur in late 2007 or later, pending
decisions in the 2007-2012 5-Year OCS Leasing Program.

The seven Beaufort Sea lease sales that occurred between 1979 and 1998 resulted in 686 issued leases.
During 20 years in the Beaufort Sea, the oil and gas industry has drilled 30 exploration wells, and 10 leases
have been determined capable of producing. Of the 686 original leases, 592 have been relinquished or have
expired. As a result of Beaufort Sea Sales 186 and 195 under the current 5-year program, a total of 151
leases were awarded. As of January 2006, there are 181 active leases in the Beaufort Sea Planning Area.

Geological and geophysical information obtained from exploratory seismic surveys in 2006 is needed for
the oil and gas industry to effectively participate in MMS-proposed Chukchi Sea Lease Sale 193 and
Beaufort Sea Lease Sale 202, which are part of MMS’ current 5-year program that expires in July 2007. As
required by the OCS Lands Act, MMS has prepared a draft proposed 5-year program (2007-2012) to
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succeed the current program, and it is currently under public review. The new 5-year program proposes to
conduct lease sales in the Chukchi Sea in 2010 (Sale 211) and 2012 (Sale 221) and in the Beaufort Sea in
2009 (Sale 208) and 2011 (Sale 216). In those leased blocks proposed for exploration drilling or
development and production, geological site surveys and shallow hazard surveys would be required. Table
II1.C-2 lists the anticipated lease sales in both State and Federal OCS waters.

111.C.4.b. State of Alaska Activities. The following summary of State of Alaska activities contains
information obtained from MMS’ Liberty Development and Production Plan EIS (USDOI, MMS, 2002)
and the Bureau of Land Management’s (BLM’s) Northeast NPR-A final Amended Integrated Activity
Plan/EIS (USDOI, BLM, 2005). Since 1959, the State has held 32 oil and gas lease sales involving the
North Slope and Beaufort Sea, resulting in more than 4.6 million acres being leased. About 78% of the
leased areas are onshore, and about 22% are offshore. Of the leased tracts, about 10% actually have been
drilled, and about 5% have been developed commercially. From the early 1960’s through 1997, 401
exploration wells were drilled in State onshore and offshore areas. Fifty-three of the exploration wells have
resulted in discoveries. From 1990 through 1998, the number of exploration wells drilled annually has
averaged about 10 per year.

The State develops and approves an oil and gas leasing plan for a 10-year period. The State reassesses the
plan, and publishes a schedule every other year. Except for the Northstar development, all of the North
Slope and Beaufort Sea’s commercially producible crude oil is on 931 active State leases (as of December
2000). The State held a Beaufort Sea lease sale on March 1, 2006, and drew 76 bids for 62 tracts, covering
231,680 acres.

I11.C.5. Miscellaneous Activities and Factors. Miscellaneous activities possibly contributing
to the cumulative effects on the PEA’s resources of concern include subsistence-harvest activities, military
activities, industrial and community development, and climate changes.

111.C.5.a. Subsistence-harvest Activities. The Inupiat people’s entire history, culture, and identity have
revolved around their subsistence-harvest activities lifestyle, and only within the last 60 years have semi-
nomadic Inupiat settled into sedentary villages and been subjected to managed hunts (USDOI, BLM, 2005).
The collapse of the whaling industry in 1910 coincided with a depletion in the number of whales available
for harvest, making the ongoing subsistence harvest difficult for the Inupiat remaining along the Arctic
coast. The U.S. Department of Defense (USDOD) construction on the North Slope and oil exploration
resulted in additive impacts on subsistence resources, harvest patterns, and users. The most intense oil and
gas development activity, and increased impacts to subsistence activities, occurred during the 1970’s and
early 1980’s with the development of the Prudhoe and Kuparuk oil fields and the construction of the Trans-
Alaska Pipeline System (TAPS) and haul road. Subsistence is part of the rural economic system of the
North Slope, called a “mixed subsistence-market” economy, wherein families invest money into small-
scale, efficient technologies to harvest wild foods (USDOI, BLM, 2005).

111.C.5.b. Military Activities. Unlike in other OCS areas of the United States, the surface and airspace of
the Beaufort and Chukchi seas are not used extensively by the military for testing, evaluating, training, and
qualification of aircraft, vessels, weapon systems, and personnel. On occasion, military vessels may transit
through the area, and military personnel may conduct winter survival exercises. No military vessels or
aircraft are home ported or stationed in the Beaufort and Chukchi seas. None of the airspace over the
Chukchi and Beaufort seas is reserved by the Federal Aviation Administration as “special use airspace” for
the military.

Past military activities were primarily associated with operations of the Defensive Early Warning system
(DEW-Line), which was an integrated chain of radar and communications sites stretching across Alaska,
Northern Canada and Greenland. The DEW-Line was initiated in 1954 and, of the 22 sites built in Alaska,
14 were located along the coast of the North Slope. The Dew-Line program was discontinued in 1963 and
replaced with long- and short-range radar. Some stations are still manned, but most were abandoned in the
1990°s. The USDOD’s Formerly Used Defense Sites program is in the process of dismantling the
abandoned sites and cleaning up any associated contaminated soil.
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111.C.5.c. Industrial Development. The terrestrial environment adjacent to the Beaufort Sea has
experienced most of the industrial development on the North Slope. Oil and gas exploration and
production activities have occurred on the North Slope since the early 1900’s, and production has occurred
for more than 50 years. Associated industrial development has included the creation of an industry-support
community airfield at Deadhorse and an interconnected industrial infrastructure that includes roadways,
pipelines, production and processing facilities, gravel mines, and docks (Figure I11.C-6).

Since the discovery and development of the Prudhoe Bay and Kuparuk oil field, more recent fields
generally have been developed not in the nearshore environment, but on land in areas adjacent to existing
producing areas. Notable exceptions to this are the Northstar, Endicott, and Badami fields. Pioneer Natural
Resources Co. is beginning the development of its North Slope Oooguruk field, which is in the shallow
waters of the Beaufort Sea approximately 8 mi northwest of the Kuparuk River unit. In the 2006 winter
construction season, Pioneer will build an ice road over which they will haul gravel for the installation of
an offshore gravel drilling and production facility. In addition, some open-water activities this summer will
involve placing armor (gravel bags) on the side slopes of the gravel island to protect it from erosion. A
subsea flowline and flowline facilities will be installed during 2007 to carry produced liquids to existing
onshore processing facilities at the Kuparuk River unit. Ongoing oil-development projects such as Badami
and Alpine do not have permanent gravel roads connecting to Prudhoe Bay. Transportation would occur
via aircraft and marine vessels in ice-free conditions. In winter, temporary ice roads are used.

The Northstar facility was just issued a Letter of Authorization under the Marine Mammal Protection Act
(MMPA) (71 Federal Register [FR] 11314) from the NMFS to cover Level A and Level B taking of
bowhead, gray, and beluga whales, and ringed, spotted, and bearded seals, incidental to operation of the
facility. This includes potential effects from presence of personnel, structures, and equipment; oil spills;
on-ice construction or transportation; vessel and helicopter activity; and acoustic impacts from power
generation and oil production; but it excludes seismic-survey operations.

Transportation to and from Northstar Island during the ice-covered season is primarily by hovercraft,
tracked vehicles, and standard tired vehicles. In 2004, helicopters made approximately 250 round trips
during the broken-ice periods and approximately 190 trips to Northstar during the open-water period (LGL,
2005). A small hovercraft made approximately 140 roundtrips during the broken ice period and
approximately 300 round trips during the open water season (LGL, 2005). Barges made 24 round-trips to
and from the island during the period July 29 to October 3, 2004, and a fuel transfer was made in August
2004 (LGL, 2005).

Although permitted, no construction work is planned in 2006 on Kerr-McGee’s three Nikaitchuq oil- and
gas-production gravel islands in the Beaufort Sea. In 2006, Shell is planning to conduct on-ice, shallow
boring in Beaufort Sea State waters between its offshore Hammerhead leases and the shoreline within the
Point Thomson unit.

On the Chukchi Sea west of the North Slope major industrial complex and outside the southern boundary of
the proposed action area, the major industrial developments have been and continue to be associated with
Red Dog Mine and Delong Mountain Terminal (DMT). These facilities are included in the cumulative
activities scenario, because their activities have the potential to affect the Programmatic Environmental
Assessment’s (PEA’s) biological resources of concern (e.g., marine mammals and marine birds) that
migrate just offshore of the facilities into the marine waters of the Proposed Action area.

Red Dog mine is the world’s largest producer of zinc concentrate, and mining operations have reserves for
40-plus years. The DMT receives ore concentrate from the Red Dog Mine and stores it until the Chukchi
Sea is ice free in the area. About 250 barge trips per year are needed to transfer 1.5 million tons of
concentrate a year to bulk cargo ships, which are anchored 6 mi offshore due to the shallow depths at the
terminal. About 27 cargo ships are loaded each year. The U.S. Army Corps of Engineers is in the process
of evaluating the feasibility of expanding the DMT port, so that deep-draft cargo ships can access the
terminal directly instead of having to be loaded 6 mi offshore. Other development projects involving the
Red Dog Mine facility being proposed in the foreseeable future include building a road to connect Noatak
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airport to the Red Dog Mine and developing the Deadfall Syncline Coal Mine near Point Lay, which would
require the construction of a 90-mi-long road to the DMT.

111.C.5.d. Community Development. The following seven Alaskan Native communities located on the
North Slope and vicinity, and their associated growth and development, are considered part of the
cumulative scenario: Kaktovik, Barrow, Nuigsut, Atqasuk, Wainwright, Point Hope, and Point Lay. Most
of these communities’ populations are increasing annually, with Barrow having the largest population of
approximately 4,400 people. These communities have been established or reestablished since 1900 and
consist of dwellings and other private and commercial buildings, gravel roads, gravel airstrips/airports, and
other structures. For a more detailed description of each community and the status of future capital
improvement projects see the State of Alaska, Community Online Database web site:
http://www.dced.state.ak.us/dca/commdb/CF_COMDB.htm

Nearshore development activities in some of the aforementioned communities, notably in Barrow and
Kaktovik, include curtailing shoreline erosion. If this activity requires fill material to be placed in
navigable waters of the United States, a Section 10/404 permit from the U.S. Army Corps of Engineers
would be required. The MMS does not anticipate any community development projects occurring in the
nearshore environment of the Beaufort and Chukchi seas.

111.C.5.e. Climate Change. Global and regional climates have changed throughout the Earth’s history,
but warming during the past several decades on the North Slope and vicinity has been unusually rapid
(NRC, 2003). Changes associated with arctic warming complicate and confound the assessment and
isolation of the effects of oil and gas activities on the North Slope and the Beaufort and Chukchi seas. If
recent warming trends continue, their effects could accumulate to alter the extent and timing of sea ice;
affect the composition, distribution, and abundance of marine and terrestrial plants and animals; affect
permafrost; affect existing oil-field infrastructure; and affect coastal Alaskan Native subsistence cultures
(NRC, 2003).

Ice cover in the Arctic Ocean has been shrinking by about 3% per decade over the past 20 years
(Johannessen, Shalina, and Miles, 1999). The loss of sea ice would reduce necessary habitat for marine
mammals and seabirds that use ice shelves and floes as platforms for feeding, resting, reproducing, and
molting. The increases in the amount and duration of open water could make the Northwest Passage more
available for ocean transport and improve opportunities for offshore oil and gas development and military
naval operations (NRC, 2003). Accompanying increases of vessels movements are the increased risks of
environmental effects caused by spills, noise, or collisions.

I11.D. Preliminary Screening of Seismic-Survey Activities and Potential

Im PAacts. This preliminary screening focuses the more detailed environmental impact analysis on those
resources most at risk for potential adverse impacts from seismic survey operations as described in earlier
sections of the PEA.

Relevant literature (NRC, 2003, 2005); previous environmental documents (USDOI, MMS, 2002, 2003a,
2004; USDOI, BLM and MMS, 1998; USDOI, BLM, 2005); professional judgment; and traditional
knowledge about marine seismic-survey operations and the biological resources of the Beaufort and
Chukchi seas were used to initially identify the following resources and activities for impact analysis:

Air Quality
Archaeological Resources
Marine Invertebrates
Coastal Wetlands

Coastal and Marine Birds
Essential Fish Habitat
Marine Fish

Freshwater Fish
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Commercial Fisheries
Geology and Sediments
Marine Mammals
Sociocultural Resources
Subsistence Activities
Terrestrial Mammals
Water Quality

e Agquatic Invasive Species

In this preliminary analysis, a matrix was prepared listing the categories of seismic-survey impact agents
and the above list of resource categories of concern (Table II1.D-1). The “level of impact” associated with
each interaction was ascertained as either: (1) potentially adverse; (2) likely negligible; (3) not likely; or
(4) not applicable. Those resources having any potential to be adversely impacted by any impact agent are
environmentally analyzed in more detail in Sections III.F (Biological Resources), I1I.G (Community
Setting), and III.H (Cumulative Impacts Analysis). In addition, Section IV (Summary of Findings,
Mitigation Measures, and Recommendations) addresses what actions should be taken to ensure that seismic
surveys in 2006 operate in an environmentally sound manner, do not cause significant impacts, and do not
interfere with subsistence-harvest activities of the Inupiat community.

111.D.1. Resources Not Considered Further. The preliminary screening indicates that airgun
noises have the greatest potential to cause adverse impacts. Vessel and aircraft traffic, vessel noise and
lights, and seafloor disturbances associated with OBC seismic surveys also have associated potential
adverse impacts.

The following resources were determined to be negligibly or not impacted by the Proposed Action, and are
not considered further beyond the analysis provided in the sections that follow.

I11.D.1.a. Air Quality. Air emissions from seismic operations arise primarily from the main engines and
generators of the seismic ship and support vessel. A typical seismic vessel has up to 8,000 kilowatts (kW)
of engine propulsion power, consuming 20-30,000 liters (L) of fuel per day (WesternGeco, 2005). In
addition to the seismic vessel, operations in the Chukchi and Beaufort seas will require an additional
support vessel to serve as a resupply, fueling, and chase vessel, which also would be capable of assisting
with ice management, if needed. The support vessel would contribute up to 6,000 kW of additional engine
propulsion power to the mix of engines in a typical seismic operation. Table III.D-2 lists the potential to
emit (PTE) for a likely seismic operation in the Chukchi and Beaufort seas. It assumes an average seismic
survey of approximately 5,556 km (3,252 mi) as described in recent IHA’s. The PTE calculations represent
a worst-case estimate of pollutants emitted by each seismic operation, based on emission factors and
operating assumptions listed in Table III1.D-3. It is likely that actual emissions would be significantly less
than the PTE, because not all emission sources would be operating 100% of the time.

The significance criteria used in the impact analysis for air quality is whether emissions cause an increase
in pollutants over an area of at least a few tens of square kilometers that exceeds half the increase permitted
under the PSD criteria or the NAAQS for nitrogen dioxide, sulfur dioxide, or particulate matter <10
microns in diameter; or exceeds half the increase permitted under the NAAQS for carbon monoxide or
ozone. Table II1.D-4 lists the emission thresholds for PSD and NAAQS analysis.

To assess the significance of emissions from anticipated seismic operations in the Chukchi and Beaufort
seas, we reviewed the analysis of potential air quality impacts for the proposed Liberty development and
production facility (USDOI, MMS, 2002). Table II1.D-5 lists the PTE for criteria pollutants for the Liberty
project. Air quality modeling for Liberty shows that at distances greater than 1-2 km from the proposed
facility, the highest predicted concentrations of criteria pollutants were less than half the maximum
allowable increases under PSD regulations. The conclusion for the Liberty analysis was that the predicted
increase in pollutant concentrations was below the significance threshold. Comparatively speaking, the
PTE for seismic operations is appreciably less than the PTE calculated for the Liberty project, and pollutant
concentrations are spread out over a significantly broader area. Accordingly, the predicted increase in
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pollutant concentrations for marine seismic work at distances greater than 1-2 km from the seismic vessel
would be appreciably below the significance threshold.

Marine seismic operations would cause only a short-term, local increase in the concentration of criteria
pollutants. Emissions would be within NAAQS. In addition, because emissions would be from mobile
sources, they would be spread over a substantially larger area and are expected to be rapidly dispersed by
prevailing offshore winds. The potential impacts to air quality from marine seismic work in the Chukchi
and Beaufort seas are therefore considered negligible.

111.D.1.b. Coastal Wetlands. All marine seismic surveys that are part of the Proposed Action would
occur in Federal waters and outside the boundaries of State of Alaska waters, which lie between the mean-
high-tide-line and the 3-mi limit. Seismic surveys operating near the 3-mi limit would generate high-
energy acoustic sounds that would spread towards shore. However, because of ice scouring during
breakup, no wetlands exist along the exposed Beaufort and Chukchi seas coastline. Wetlands do occur
landward of barrier islands in protected bays and lagoons. The small amount (<5 gallons [gal]) of
anticipated individual petroleum spills are not expected to affect coastal wetlands and associated fish and
wildlife resources. Overall, the Proposed Action’s seismic activities are not likely to have any adverse
impacts on coastal wetlands and the fish and wildlife resources they support.

111.D.1.c. Freshwater Fishes. The Proposed Action scenario considers seismic surveys to be conducted
on the OCS in Federal waters of the Chukchi and Beaufort seas; it does not include seismic surveys being
conducted in freshwater environments of the North Slope. While seismic surveys using airguns operating
in Federal waters may ensonify nearshore waters, airguns would not be expected to ensonify lacustrine
(e.g., lakes) or fluvial (e.g., rivers) habitats used by freshwater fishes. Freshwater fishes are not likely to be
exposed to airgun emissions, wastewater discharges, and accidental spills from vessels, and are not
considered further. Anadromous and/or amphidromous fishes that also use freshwater environmental
waters may be exposed to airgun emissions, and are considered further.

111.D.1.d. Geology and Sediments. Bottom sampling and shallow coring, which are typical G&G
activities that can disturb, resuspend, and create minor surficial features, are not part of the Proposed
Action. Conducting OBC seismic surveys does require placing instruments (hydrophones) on the seafloor
and later retrieving them. Normally, this activity does not alter the local geology or surficial sediment
features of the ocean bottom. However, during storm events some cables could become partially buried,
when bottom sediments are shifted around. Retrieving cables under these circumstances likely would cause
negligible, short-term impacts, such as localized turbidity, as the cable are pulled out of the seafloor
sediment and hauled back on board a vessel.

111.D.1.e. Terrestrial Mammals. Terrestrial mammals would not be impacted by the acoustic energy
generated by airguns. Offshore vessel movements, lights, and sounds may alert terrestrial mammals of
human presence and cause wildlife to flee the area or, in some cases, cause wildlife to be curious about the
offshore activity and linger. Survey-related aircraft also may startle wildlife and cause them to flee the
area. The small amount (<5 gal) of anticipated individual petroleum spills are not expected to affect
terrestrial mammals. Overall, the Proposed Action’s seismic activities are not likely to have any adverse
impacts on terrestrial mammals.

111.D.1.f. Water Quality. Marine water quality could be affected by accidentally spilled lubricating oil or
diesel fuel from vessels and equipment associated with seismic survey operations. The MMS believes that
the risk of vessel collisions is low, and the incidents involving the release of oil and fuel from vessels
during refueling will likely be small, on the order of <5 gal per refueling event (40 gal total potentially
spilled). Vessel collisions with ice are not likely to occur, because seismic surveys will be conducted in
relatively ice-free conditions. Vessels colliding with each other or equipment-entanglement problems also
are not likely to occur, because vessels are required maintain a minimum separation of at least 15 mi.

We assume that there would be no unauthorized discharges, such as engine oil, etc., from the seismic

vessel. Therefore, any effects would be due to accidental discharges, such as a spill of fuel oil during a fuel
transfer from a support vessel to a seismic vessel. The analysis further assumes that the operators would be
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cautious and vigilant during fuel transfers; for example, if a fuel hose broke, the fuel valves would be shut
off quickly.

A previous assessment of Chukchi Sea exploration included the effects of seismic exploration and of small
spills (USDOI, MMS, 1990a). The assessment distinguished the effects during the open-water and ice-
covered seasons; the Proposed Action seismic surveying would be conducted during the open-water season.
The 1990 assessment explains that a 1,000-barrel (bbl) spill in restricted waters during flat calm might
exceed the applicable ambient-water-quality standards. The assessment does not include a conclusion
specifically about the effect of a spill of a few barrels or a few gallons. The effects of the latter in offshore
waters during normal conditions probably would not exceed the standards and might be unmeasurable. The
Beaufort Sea multiple-sale EIS also assessed the effects of a 1,000-bbl spill, concluding that the effects
would be low regionally, but moderate locally (USDOI, MMS, 2003a). The effect of spills of a few barrels
or a few gallons is not assessed. Again, the effects of the latter probably would be unmeasurable.

111.D.1.g. Aquatic Invasive Species. The introduction of aquatic invasive species (AIS) into a marine
ecosystem potentially could result in adverse impacts. Such introductions occur when species establish
self-sustaining populations beyond their historical geographic ranges. On February 13, 2003, the
International Maritime Organization agreed to the International Convention for the Control of Ship’s
Ballast Water & Sediments. The Convention will enter into force 12 months after the date on which at
least 30 nations, representing more than 35% of the World Merchant Shipping tonnage, ratify it. Nations
that are party to the Convention are given the right to implement additional, more stringent measures than
are provided in the Convention. The Convention’s ballast-water-management regulations would apply to
both port nations and flag nations that ratify the Convention. Under the Convention, all new and existing
vessels with ballast tanks are required to implement a ballast-water-management plan when entering a
nation’s waters from outside its exclusive economic Zone (EEZ). The Convention specifies both an interim
ballast-water-exchange standard (efficiency of 95% volumetric exchange) and ballast-water-performance
standards (reduce the concentration of viable organisms per unit volume discharges). The Convention
provides for a phasing-in period through 2016 for new and existing vessels to meet requirements.

The U.S. Coast Guard developed regulations (33 CFR 151) that implements provisions of the
Nonindigenous Aquatic Nuisance Prevention and Control Act of 1990 (NANPCA) (16 U.S.C. 4701-4751)
as amended by the National Invasive Species Act of 1996 (NISA). The NISA reauthorized the Great Lakes
ballast-management program and expanded NANPCA’s applicability to vessels with ballast tanks (as
opposed to vessels that carry ballast water). The NISA required the development of national guidelines to
prevent the introduction and spread of nonindigenous species into U.S. waters via ballast water of
commercial vessels. Under NISA, the Coast Guard may approve alternative ballast-water-management
technologies that are at least as effective as ballast water exchange in preventing invasions. This began the
Shipboard Technology Evaluation program a voluntary, experimental, 5-year research and development
program to bring about a 98% reduction in the number of live organisms found in ballast water. As
required under NEPA, the U.S. Coast Guard prepared a Programmatic Environmental Assessment for
Ballast Water Management Program for U.S. Waters
(http://dmses.dot.gov/docimages/pdf87/250004_web.pdf) that was published in June 2003. The purpose of
that environmental assessment was to revise 33 CFR 151 as required by NISA.

In June 2004, the Coast Guard made mandatory the voluntary measures to comply with NISA, with the
primary means of prevention being exchange of ballast water on the high seas. The regulations mandate a
ballast water management program and reporting requirements. The rule specifically addresses all vessels
equipped with ballast tanks bound for ports or places within the U.S. and/or entering U.S. waters. At this
time, midocean ballast-water exchange is the most practicable method to help prevent the introduction of
invasive species into U.S. waters. There is no international consensus on a water-depth criterion for
ballast-water exchange. The Coast Guard considers that any ballast-water-management plan that meets
International Maritime Organization guidelines meets the regulatory requirements of 151.2035. Vessels
that conduct coastwise trade (within the 200-mi EEZ) are not addressed in the final 2004 regulations
because they cannot conduct a mid-ocean ballast water exchange. The Coast Guard is examining the
possibility of establishing alternative ballast water-exchange zones. The coastwise trade vessels are still
required to submit ballast-water reporting forms.
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Potential vectors for introducing aquatic invasive species (AIS) are ballast-water discharge, hull fouling,
and equipment placed overboard (e.g., anchors, seismic airguns, hydrophone arrays, OBC). Seismic survey
vessels for the Proposed Action may be brought in from other U.S. or foreign waters. Vessels brought into
State of Alaska or Federal waters would be subject to current Coast Guard regulations at 33 CFR 151,
which are intended to reduce the transfer of invasive species. Section 151.2035 (a)(6) requires the
“removal of fouling organisms from hull, piping, and tanks on a regular basis and dispose of any removed
substances in accordance with local, State, and Federal regulations.”

More than 180 marine seismic surveys have been performed in Arctic OCS waters under G&G permits
since 1968, and more than 40 marine seismic surveying operations have been permitted and completed in
adjacent State waters (see Sec. III.C.1.a and b). To date, no AIS studies have been conducted nor have any
AIS been documented in the Alaskan Chukchi or Beaufort seas. The Chukchi and Beaufort seas pose harsh
and frigid environmental conditions that are believed to impose major and difficult challenges to AIS’s that
might be introduced into the region’s waters by vessels or equipment. Therefore, the likelihood of AIS
successfully being introduced into the Arctic Ocean from the Proposed Action is considered to be low, and
this issue is not considered further in this PEA.

111.D.2. Resources to be Evaluated in Greater Detail. The preliminary screening indicates
that marine seismic surveys potentially could adversely impact archaeological sites, marine invertebrates,
coastal and marine birds, essential fish habitat, marine fish, commercial fisheries, marine mammals, the
sociocultural environment, and subsistence-harvest activities. The rest of the impact analysis focuses
mainly on these resources of concern.

I11.E. Significant Impact Criteria.

The Council on Environmental Quality (CEQ) National Environmental Policy Act (NEPA) regulations (40
CFR 1500-1508) defines the term “significantly” in terms of both context and intensity (40 CFR 1508.27).
“Context” considers the setting of the Proposed Action, what the affected resource might be, and whether
the effect on this resource would be local or more regional in extent. Factors to be considered in evaluating
“intensity” include: (1) the severity of the impact; (2) whether the impact is beneficial or adverse; (3) the
degree to which the Proposed Action affects public health and safety; (4) the unique characteristics of the
affected area; (5) the degree of controversy; (6) uncertainty; (7) establishing precedence; (8) the
cumulative, direct, and indirect aspects of the impact; (9) the affects upon endangered or threatened
species; and (10) whether Federal, State, or local laws may be violated.

Our analyses address the significance of the Proposed Action’s potential impacts on the biological and
cultural resources, considering such factors as the nature of the impact (e.g., habitat disturbance or
mortality); the spatial extent (local and regional); temporal and recovery times (years, generations); and the
effects of mitigation and any associated mitigation monitoring plan. Impacts to some environmental
resources may be measurable, but are considered insignificant, because their potential effects and
contribution to cumulative effects (additive, synergistic and countervailing) would be minimal and/or short
term. Our analyses also consider whether proposed mitigation measures can reduce or eliminate all or part
of the potential adverse effects. Mitigation measures that reduce adverse impacts to below “significance
thresholds” are incorporated into the alternatives.

I11.E.1. Significance Thresholds for Resource Categories. For this document, we have
defined a “significance threshold” for each Arctic Ocean resource category as the level of effect that equals
or exceeds the adverse changes indicated:

e Threatened and Endangered Species of Whales (Bowhead, humpback, and fin whales): An
adverse impact that could affect the survival and reproduction of twelve or more whales (of an

affected species and/or stock) annually. See Section III.E.2 for an explanation of this significance
threshold.
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e Threatened and Endangered Species of Birds (spectacled and Steller’s eiders): An adverse
impact that results in a decline in abundance and/or change in distribution requiring one or more
generation for the indicated population to recover to its former status.

e Biological Resources (seals, walrus, beluga whale, gray whale, polar bear, marine and
coastal birds, lower trophic-level organisms, and fish/fishery resource and essential fish
habitat [EFH]): An adverse impact that results in an abundance decline and/or change in
distribution requiring three or more generations (or having an impact lasting 10 or more years) for
the indicated population to recover to its former status, and one or more generations for “rare” fish
resources (see section III.F.1 — Fish/Fishery Resources and EFH for a discussion about “rare” fish
resources) and their EFH, and polar bears.

e Subsistence-Harvest Patterns: One or more important subsistence resources would become
unavailable, undesirable for use, or available only in greatly reduced numbers for a period of 1-2
years.

e Sociocultural Systems: Chronic disruption of sociocultural systems occurs for a period of 2-5
years, with a tendency toward the displacement of existing social patterns.

e Archaeological Resources: An effect-producing factor produces a loss of unique archaeological
information.

e Environmental Justice: The significance threshold for Environmental Justice would be
disproportionate, high adverse human health or environmental effects on minority or low-income
populations. This threshold would be reached if one or more important subsistence resource
becomes unavailable, undesirable for use, or available only in greatly reduced numbers for a
period of 1-2 years; or chronic disruption of sociocultural systems occurs for a period of 2-5 years,
with a tendency toward the displacement of existing social patterns. Tainting of subsistence foods
from oil spills and contamination of subsistence foods from pollutants would contribute to
potential adverse human-health effects.

I11.E.2. Criteria for the Evaluation of the Potential for Significant Effects on

Endangered Whales. In determining the potential significance of the Proposed Action to bowhead
whales and other endangered whales, we considered the following NEPA-relevant factors: unique
characteristics of the geographic area; degree of controversy; degree of highly uncertain effects or unique
or unknown risks; precedent-setting effects; cumulative effects; adverse effects on scientific resources (we
evaluate cultural effects in other portions of this document); and violations of Federal, State, or local
environmental law. We based our conclusions also on consideration of 1) NMFS (2005; Angliss and
Outlaw, 2005) potential biological removal estimates and determination of removal level that would be
“significant” to the population, and 2) NRC Guidance on Determining when Noise Causes Biologically
Significant Effects (NRC, 2005:3).

1) The NMFS (2005; Angliss and Outlaw, 2005) potential biological removal estimates and
determination of removal level that would be “significant” to the population. Under the MMPA, the
term “potential biological removal level” means the maximum number of animals, not including natural
mortalities, that may be removed from a marine mammal stock while allowing that stock to reach or
maintain its optimum sustainable population. The potential biological removal level is the product of the
following factors: (A) The minimum population estimate of the stock; (B) One-half the maximum
theoretical or estimated net productivity rate of the stock at a small population size; and (C) A recovery
factor of between 0.1 and 1.0.

In the most recent stock assessment for the western Arctic or Bering-Chukchi-Beaufort seas stock of
bowhead whales, NMFS (Angliss and Outlaw, 2005) stated that:

Under the 1994 reauthorized Marine Mammal Protection Act (MMPA), the potential biological
removal (PBR) level is defined as the product of the minimum population estimate, one-half the
maximum theoretical net productivity rate, and a recovery factor: PBR = Ny x 0.5Ryax x FR.
The recovery factor (FR) for this stock is 0.5 rather than the default value of 0.1 for endangered
species because population levels are increasing in the presence of a known take (see guidelines
Wade and Angliss 1997). Thus, PBR =95 animals (9,472 x 0.02 x 0.5) The development of a
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PBR level for the Western Arctic bowhead stock is required by the MMPA even though the
subsistence harvest is managed under the authority of the International Whaling Commission
(IWC). Accordingly, the IWC bowhead whale quota takes precedence over the PBR estimate for
the purpose of managing the Alaska Native subsistence harvest from this stock. For 2002-07, a
block quota of 280 bowhead strikes will be allowed, of which 67 (plus up to 15 unharvested in the
previous year) could be taken each year. This quota includes an allowance of 5 animals to be taken
by Chukotka Natives in Russia.

Thus, since we are evaluating only one year of potential effects, if Alaska Native and Russian Native
hunters took the maximum number of whales allowed in their quota from the population in 2006, a
potential of 82 whales could be taken by subsistence hunters leaving 13 animals that theoretically could be
removed from the population while allowing that stock to reach or maintain its optimum sustainable
population (OSP). This assumption of take by subsistence hunters is the maximum that could be taken, but
exceeds the average number of whales taken in recent years. NMFS (Angliss and Outlaw, 2005) gives the
estimated average annual mortality rate incidental to commercial fisheries as 0.2 (which is equal to the
estimated annual rate of entanglement in crab pot gear for 1999-2003). Thus, assuming that 1 whale may
be taken incidental to commercial fisheries in 2006, that 82 may be taken in the subsistence hunt, and that
PBR =95, 12 whales could be removed from the population from all other anthropogenic causes while
allowing this stock to reach or maintain its OSP. However, with respect to the “significance of take” of
bowheads from this population in commercial fisheries, NMFS (Angliss and Outlaw, 2005) summarized
that: “...the estimated annual mortality rate incidental to commercial fisheries (0.2) is not known to exceed
10% of the PBR (9.4) and, therefore, can be considered to be insignificant.”

Thus, based on the aforementioned logic, and based on the assumption that the loss of animals from the
population from any source other than subsistence take is of equal “significance” we assume that removing
more than 12 bowheads from this population stock would be significant. This level of removal underlies
our evaluation of significance.

The MMS does not expect the Proposed Action to result in serious injury or death of bowhead whales.
Level B harassment (behavioral disturbance) potentially could reach significance, if it reached a level
which resulted in the effective loss of 12 animals to this population over that expected given normal
survival and birth rates.

This theoretically could be achieved by reducing the reproductive capacity of the stock to the point that
results in 12 or fewer animals being recruited annually, or lowers the survival rate of the population to the
point which is equivalent to the immediate loss of 12 whales.

2) NRC Guidance on Determining when Noise Causes Biologically Significant Effects. The NRC
(2005:3) reviewed and characterized “current scientific understanding of when animal behavior
modifications induced by transient and non-transient ocean acoustic sources, individually or cumulatively,
affect individuals in ways that have negative consequences for populations.” Their charge was to “clarify
the term biologically significant” (NRC, 2005:3). The NRC (2005:3-4) summarized that

An action or activity becomes biologically significant to an individual animal when it affects the
ability of the animal to grow, survive, and reproduce. Those are the effects on individuals that can
have population-level consequences and affect the viability of the species. However, those effects
are separated in time and usually in space from the precipitating event. What can be observed,
with difficulty..., are the direct behavioral and in some cases physiological responses of individual
animals...On reflection, it became clear that wild animals rarely engage in activities that are not
biologically significant...so the primary concern should be with determining when human activity
elicits behavioral or physiological responses in marine mammals that rise to the level of biological
significance.

Changes in behavior that lead to alterations in foraging efficiency, habitat abandonment, declines

in reproduction, increases in infant mortality and so on are difficult to demonstrate in terrestrial
animals...and more difficult to demonstrate in animals that may only rarely be observed....
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The NRC (2005:x) further stated that “...today many important habitat threats involve habitat degradation
and the cumulative effects of harassment.”

The NRC (2005:9) encouraged precautionary management in instances when there is greater uncertainty
about the potential population effects of behavioral changes resulting from noise exposure. They
specifically (NRC, 2005:10) recommended that “mortality equivalents for injury and disruption need to be
added to the biological removal...” in the PBR model “...to encompass the multitude of effects, including
acoustic effects, of human activities on marine mammal populations.” They recommended that NMFS
“...expand the PBR model to include injury and behavioral disturbance with appropriate weighting factors
for severity of injury or significance of behavioral response” (NRC, 2005:10).

In discussing the uncertainty around determining the biological significance of marine mammal responses
to sound, the NRC (2005:xi) stated that:

A basic tenet of responsible management and conservation is the need to balance the risks posed
by overregulation and those posed by underregulation; the latter carry more weight in conditions
of greater uncertainty...The depth of our uncertainty in these issues can make it difficult to
calibrate the proper extent of precaution...For most other...[other than effects on beaked whales
lethal strandings]...the primary source of uncertainty stems from our difficulty in determining the
effects of behavioral or physiological changes on an individual animal’s ability to survive, grow,
and reproduce.

I11.F. Biological Resources.

I11.F.1. Fish/Fishery Resources and Essential Fish Habitat.

I11.F.1.a. Introduction. This section focuses on coastal and marine fish/fishery resources and habitats
occurring in nearshore and offshore waters of the Chukchi and Beaufort seas. The proposed seismic-survey
activity would be conducted in Federal waters offshore and, therefore, likely would not impact freshwater
habitats. In addition, there are few commercial fisheries in the Alaskan Beaufort and Chukchi seas and,
therefore, there are few species covered by fishery-management plans in these waters. Presently, the five
species of Pacific salmon occurring in Alaska are the only managed species with essential fish habitat
(EFH) designated in the Alaskan Beaufort and Chukchi seas. Pacific salmon and their EFH are described
later herein.

I11.F.1.b. Major Surveys of Coastal and Marine Fish Resources and Habitats. To appreciate the state
of information concerning coastal and marine fish resources of the Chukchi and Beaufort seas and their
habitats, it is informative to briefly review some important surveys conducted in these waters in the last
century.

Walters (1955) briefly summarized the history of arctic Alaska ichthyology to date. He wrote: “The
ichthyofauna of western Arctic America has been studied the least of any major sector of the northern polar
regions, and that of Arctic Alaska the least of any equally great area of North America” (Walters, 1955).
Fifty years later, Walters’ comment remains, for the most part, accurate.

The first major scientific collections of fishes in the Chukchi Sea were those made by the Russians A.P.
Andriyashev, K.I. Panin, and P.V. Ushakov in 1932 and 1933 (Raymond, 1987). Andriyashev (1955; a
translation of a report published in 1937) described basic information concerning fishes collected by
Russian expeditions of the Bering and Chukchi seas. Collections were made in depths chiefly from 20-235
m. In 1932, about 1,500 fish were collected and in 1933, 1,700 fish were collected. Using data collected
by these and other Russian expeditions made in the first half of the last century, Andriyashev (1964)
published Fishes of the Northern Seas of the U.S.S.R. in 1954. Much of the information contained in this
classic treatise remains the best information we have on the biology and ecology of western Arctic fishes.
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Frost and Lowry (1983) reported on thirty-five successful otter-trawl tows that were conducted in the
northeastern Chukchi and western Beaufort seas in August-September of 1976 and 1977. In 1976, two
tows were made in the western Beaufort Sea in water 40 m and 123 m deep. In 1977 (August 2-September
3), 33 tows were made in the northeastern Chukchi and western Beaufort seas in waters 40-400 m deep.
Many were conducted near the southern edge of pack ice. Frost and Lowry (1983) caught 133 fishes
belonging to 14 species in trawls made in 1976. In the more extensive trawls conducted in 1977, they
caught 512 fishes belonging to 17 species. A total of 19 species or species groups of fishes were identified
from the combined tows. Three fish species (arctic cod, polar eelpout, and twohorn sculpin) accounted for
65% of all fishes caught. Eight species were represented by five or fewer specimens. Pelagic species such
as salmonids and osmerids were not adequately sampled by the otter trawl. Epifaunal invertebrates,
including brachyuran crabs (e.g., snow crab) also were collected and reported from this survey. Frost and
Lowry’s surveys are the latest surveys made of demersal marine fishes in the western Beaufort Sea.

Fechhelm et al. (1984) reported results of an ichthyological survey conducted in 1983 focused primarily on
arctic fish usage of and ecological dependence on marine estuarine environments along the northeastern
Chukchi Sea coast from Peard Bay to Point Hope. Data were collected for the most part during the open-
water, summer season and, to a lesser extent, in winter. Their survey revealed the most prominent species
encountered during 1983 were arctic cod, arctic staghorn sculpin, fourhorn sculpin, capelin, shorthorn
sculpin, hamecon, arctic founder, and saffron cod. Fourhorn sculpin and arctic flounder occurred in
nearshore waters (<1 km), while the remaining sculpins were found exclusively in deeper, offshore (>1 km)
waters. Arctic cod and saffron cod were found to occupy both nearshore and offshore waters.

Barber, Smith, and Weingartner (1994) reported data obtained during five summer and autumn research
cruises conducted in the northeastern Chukchi Sea between Cape Lisburne in the south to the ice edge in
the north between 1989 and 1992. In 1989 and 1990, sampling stations were trawled for demersal and
midwater fishes using one of two otter trawls. Additionally, young-of-the-year fishes and larvae were
sampled with a midwater trawl and bongo net. In 1991 and 1992, additional sampling was conducted to
gain wider coverage; estimate interannual variability of abundance, biomass, and species; and to collect
reproductive data on snow crab. Techniques used in sampling during 1991 were identical to those of
earlier years. Results of the surveys are detailed in Barber, Smith, and Weingartner (1994) and multiple
papers published in American Fisheries Society Symposium 19 (American Fisheries Society, 1997). The
Barber, Smith, and Weingartner surveys (1989-1992) are the most recent fish surveys conducted within the
Chukchi Sea Planning Area.

A 3-year study (1988, 1990, and 1991) of epipelagic fishes inhabiting Beaufort Sea coastal waters in
Alaska documented spatial and temporal patterns in fish distribution and abundance and examined their
relationships to thermohaline features during summer (Jarvela and Thorsteinson, 1999). Significant
interannual, seasonal, and geographical differences in surface water temperatures and salinities were
observed. In 1990, sea ice was absent and marine conditions prevailed whereas in 1988 and 1991, heavy
pack ice was present and the dissolution of brackish water along the coast proceeded more slowly. Arctic
cod, capelin, and snailfishes were the most abundant marine fishes in catches, while arctic cisco was the
only abundant diadromous species. The epipelagic fish survey is the most recent pelagic fish survey
conducted in the western Beaufort Sea.

In the summer of 2004, an expedition, the Russian-American Long-term Census of the Arctic
(RUSALCA), was conducted in the Bering and Chukchi seas. The primary study area lay between
Wrangel Island and Herald Canyon in Russia Federation territorial waters to Cape Lisburne, Alaska, to
Point Barrow, Alaska, and south to the Bering Strait. Most of sampling sites lie to the south and west of
the Chukchi Sea Planning Area; however, three sampling sites occur on the southern margins of the
planning area (off Cape Lisburne). Samples and data collected from this survey have not been analyzed
past some preliminary findings by the researchers; funding is required to complete the analysis
(Mecklenburg and Norcross, 2006, pers. commun.). Findings reported herein are preliminary according to
the researchers.

One objective of the RUSALCA expedition was to sample fish species presence, distribution, relative
abundance, and association in the environment. At 17 sites, larval and juvenile fishes were collected using
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both a plankton net and a bottom trawl. The bottom trawl collected 1,307 fishes, including fishes of at least
31 species.

Another objective of the RUSALCA expedition was to determine the baseline ichthyological resource of
the northern Bering Sea and Chukchi Sea and to contribute to knowledge of the species’ morphology and
external appearance, focusing as collection of specimens permitted, particularly on the least well-known
species. An otter trawl was used to collect benthic fishes; 27 tows were made at depths from 34-101 m,
and a total of 1,883 individual fishes were collected representing at least 25 species (Mecklenburg et al.,
2005). Species caught in greatest numbers by both trawl types (otter trawl for demersal adult fishes; beam
trawl for larval and juvenile fishes) were (1) Arctic staghorn sculpin and (2) shorthorn sculpin. Bering
flounder and arctic cod were third and fourth most abundant species caught in the otter trawl and combined
catch, whereas hamecon and stout eelblenny were third and fourth in the beam trawl. The differences
reflect gear selectivity. The four most abundant species by number (arctic staghorn sculpin, shorthorn
sculpin, Bering flounder, and arctic cod) composed 80% of the combined catch.

Fish biologists on the RUSALCA expedition noted the following qualitative conclusions: (1) the Chukchi
benthic community is highly diverse and patchy, and (2) that both fish abundance and diversity seem lower
in the Chukchi Sea than in the Bering Sea. The largest catches occurred to the south, and were usually at
least one order of magnitude higher than those in the north. Also, biologists noted several range
extensions—a small Bering flounder was collected ca. 72° 18' N. latitude in the eastern Chukchi Sea, and a
walleye pollock was collected at 71° 23' N. latitude. Biologists also noted that their collections include
specimens of rare species.

Collectively, these surveys and associated studies reflect a sparse sampling of fish resources across the
northeastern Chukchi and western Beaufort seas. Sampling effort has been spatially and temporally
irregular and disjunct. For example, coastal waters of the western Beaufort Sea are better sampled than
coastal waters of the northeastern Chukchi Sea, and offshore waters of the western Beaufort Sea are poorly
sampled relative to coastal waters. Fish surveys of the northeastern Chukchi Sea in the last 30 years
essentially are limited to those conducted in 1976-1977 (Frost and Lowry, 1984), 1983 (Fechhelm et al.,
1984), and 1989-1992 (Barber, Smith, and Weingartner, 1994, 1997); therefore, offshore waters of the
northeastern Chukchi Sea Planning Area was last surveyed for fish resources 14-17 years ago. Nearshore
waters of the northeastern Chukchi Sea were last surveyed 23 years ago (i.e., 1983). Marine pelagic fishes
landward of the 20-m isobath were sampled in the western Beaufort Sea as recently as 15 years ago; marine
demersal fishes were last sampled 29 years ago (i.e., 1977). Plainly, these limited surveys reflect great
lapses in time occurring among and between surveys, relative to this baseline description.

Surveys often have been directed at one fish assemblage (e.g., subadult and adult demersal fishes) and,
consequently, did not sample for other fish assemblages (pelagic life stages and species). Information from
many surveys was reported only for abundant species, and that information was not standardized; hence,
biological statistics such as fecundity, age at maturation, or stomach contents are reported for one species
but not for others. Similar information concerning less abundant (e.g., uncommon and rare) species
collected in surveys often are not reported. Such species simply “fall through the cracks” and often are
ignored until evidence is presented indicating the species is threatened with extirpation or extinction, if at
all. Finally, surveys of coastal and marine fish resources in the Chukchi and Beaufort seas are typically
conducted during periods that ice cover is greatly reduced (late July, August, or September). Therefore,
information concerning the distribution, abundance, habitat use, etc., of all marine fishes (abundant,
uncommon, or rare species) outside this period is extremely scant. The survey information shows that (1)
resulting data are dated; (2) sampling effort has been irregular and disjunct in space and time and of fish
resources; these two factors introduce large information gaps that subsequently influence the certainties of
the impacts assessment.

I11.F.1.c. Fish Resources of Arctic Alaska and Their Ecology. Three large marine ecosystems (LME’s)
encompass coastal and offshore waters of arctic Alaska. They are the Bering Sea, Chukchi Sea, and the
Beaufort Sea. Each large marine ecosystem is characterized by distinct hydrographic regimes, submarine
topographies, productivity, and trophically dependent populations, yet influences the others. The Chukchi
Sea LME represents a transition zone between the fish assemblages of the Beaufort and Bering LME’s.
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The Beaufort and Chukchi seas off Alaska support species representative of jawless fishes (hagfishes and
lampreys); cartilaginous fishes (sharks, rays, and chimaeras); and bony fishes (fishes whose skeletons are
composed mostly of bone instead of cartilage, the most diverse grouping). At least 98 fish species,
representing 23 families (Table III.F.1) have been documented to occur (Mecklenburg, Mecklenburg, and
Thorsteinson, 2002). These families include: lampreys, sleeper sharks, dogfish sharks, herrings, smelts,
whitefishes, trouts and salmons, lanternfishes, cods, sticklebacks, greenlings, sculpins, sailfin sculpins,
fathead sculpins, poachers, lumpsuckers, snailfishes, eelpouts, pricklebacks, gunnels, wolffishes, sand
lances, and righteye flounders. Lanternfishes have yet to be documented in the Alaskan portion of the
Chukchi Sea. Dogfish sharks, sailfin sculpins, and gunnels have been documented in the Beaufort Sea, but
not the Chukchi Sea. Forty-nine species are common to both large marine ecosystems.

Additional species are likely to be found in Alaskan waters of either the Chukchi or Beaufort seas when
coastal and offshore waters are more thoroughly surveyed. For example, the shulupaoluk (Lycodes
jugoricus) was collected by N.J. Wilimovsky in the Chukchi Sea (Walters, 1955); and McAllister (1962)
collected two specimens in brackish waters of the Beaufort Sea at Herschel Island, Yukon Territory,
Canada. Shulupaoluk is a name applied by Ungava Eskimos to an eelpout (McAllister, 1962, citing Dunbar
and Hildebrand, 1952); to date, a shulupaoluk has yet to be documented as occurring in the Alaskan
Beaufort Sea, although based on the noted collections, the species is likely to occur there.

Aquatic systems of the Arctic undergo extended seasonal periods of frigid and harsh environmental
conditions; therefore, fish inhabiting such systems must be biologically and ecologically adapted to
surviving such conditions so as to produce offspring that eventually do the same. Important environmental
factors that arctic fishes must contend with include reduced light, seasonal darkness, prolonged low
temperatures and ice cover, depauperate fauna and flora, and low seasonal productivity (see McAllister,
1975 for a description of environmental factors relative to arctic fishes). During the 8- to 10-month winter
period, freezing temperatures may reduce nearshore and freshwater fish habitat by more than 95% (Craig,
1989). Furthermore, over wintering stream habitat may be reduced by as much as 97-98% by late winter
(Craig, 1989). The lack of sunlight and extensive ice cover in arctic latitudes during winter months
influence primary and secondary productivity, making food resources very scarce during this time, and
most of a fish’s yearly food supply must be acquired during the brief arctic summer (Craig, 1989). There
are fewer fish species inhabiting Arctic waters of Alaska as compared to those inhabiting warmer regions
of the State. The Chukchi Sea is warmer, more productive, and also supports a more diverse fish fauna
than occurs in the western Beaufort Sea (Craig, 1984, citing Morris, 1981; Craig and Skvorc, 1982; Craig,
1989). Also, most fish species inhabiting the frigid polar waters are thought to grow and mature more
slowly relative to individuals or species inhabiting boreal, temperate, or tropical systems.

The Alaskan Arctic includes a variety of aquatic areas that may be exploited by fish. The Alaskan arctic
coastline shapes the transitional and dynamic nearshore brackish ecotone (i.e., coastal waters) that results
from the mixing of fluvial freshwaters from the Alaskan Arctic Coastal Plain with marine waters of the
Beaufort and Chukchi seas. Marine waters of the Beaufort and Chukchi seas offer the greatest two- and
three-dimensional area for arctic fishes to exploit; these include neritic waters and substrates (occurring
landward of the continental shelf break, as delimited by the 200-m isobath) and oceanic waters and
substrates (occurring seaward of the continental shelf break [>200-m isobath]).

The diverse fishes of the eastern Chukchi and western Beaufort seas use a range of waters and substrates
for spawning, breeding, feeding, or growing to maturity. The range of waters and substrates are
hierarchically organized in Table III.F.2 for suitable analysis of fishes relative to their environment. Table
II1.F.2 also shows each species’ occurrence by hierarchical category.

Primary Fish Assemblages. Biologists studying arctic fishes of Alaska have classified them into primary
assemblages by occurrence in basic aquatic systems and by life-history strategies that allow the fishes to
survive the frigid polar conditions (Craig, 1984; Craig, 1989; Moulton and George, 2000; Gallaway and
Fechhelm, 2000). A life-history strategy is a set of co-adapted traits designed by natural selection to solve
particular ecological problems (Craig, 1989, citing Stearns, 1976).
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The primary assemblages of arctic fishes are:
o freshwater fishes that spend their entire life in freshwater systems (although some also might
spend brief periods in nearshore brackish waters);
e marine fishes that spend their entire life in marine waters (some also spend brief periods in
nearshore brackish waters along the coast); and
e diadromous and anadromous fishes that move between and are able to use fresh, brackish, and/or
marine waters due to various biological stimuli or ecological factors.

In the last several decades, biologists have described the fish assemblages occurring in freshwater systems
(Moulton and George, 2000) or nearshore brackish waters along the mainland and inner barrier island
coasts (Craig, 1984, 1989; Jarvela and Thorsteinson, 1999; Gallaway and Fechhelm, 2000). Far fewer
reports are available describing fishes in marine waters, especially those exceeding 2 m in depth (e.g., Frost
and Lowry, 1983; Jarvela and Thorsteinson, 1999). Scientific information on marine fishes inhabiting
waters more than approximately 12 mi (20 km) from the Alaskan coastline (excluding barrier islands) is
limited. Due to the lack of specific information for many species, it is necessary to discuss the biology and
ecology at the family level. Appendix B (Profiles of the Families of Fish and Selected Species that Occur
in the Alaska Arctic Ocean) provides generalized life-history strategies of the families with fish species
known to be occurring in the region. Most of this information is taken from Mecklenburg, Mecklenburg,
and Thorsteinson (2002) Fishes of Alaska. Following the family accounts are select species accounts for
species that we have more information to draw upon.

While some arctic fish species are described in the scientific literature and in surveys as being abundant in
the region, they are only so in a relative context and are of low overall abundance. For examples, Frost and
Lowry (1983) sampled demersal fishes of the northeastern Chukchi and western Beaufort seas using 35
successful otter-trawl tows in 1976-1977 and caught 645 fishes. Three species (arctic cod, polar eelpout,
and two horn sculpin) accounted for 65% of all fishes caught (i.e., 420 of the 645 fishes were of the three
noted species). Eight species were represented by five or fewer specimens (e.g., rare species). Similarly,
Jarvela and Thorsteinson (1999) sampled epipelagic fishes in coastal waters of the Alaskan Beaufort Sea in
1988, 1990, and 1991. The most abundant marine fishes in the catches were arctic cod (16.4-87.4% of total
catch between years), capelin (5.3-81.5% of total catch between years), and snailfishes (0.3-3.0% of total
catches between years). Many species caught registered only as trace amounts of <0.1% of the catch.

Species having low abundance and/or small ranges occurring in the first quartile of the frequency
distribution of species abundances or range sizes (i.e., 25%; the quartile definition from Gaston, 1994) are
termed “rare” (Gaston, 1994). Rare species are regarded as those having low abundance and/or small
ranges (Gaston, 1994) occurring in the first quartile of the frequency distribution of species abundances or
range sizes (i.e., 25%; the quartile definition from Gaston, 1994). The terms “common” and “widespread”
are used as an antithesis of “rare” (Gaston, 1994). Abundance terms were not defined in most of the
literature; one document describes a diadromous species as “rare” for which they cite approximately 100
specimens were collected, relative to another document reporting a marine species as “rare” for which five
or less specimens were collected. Such disparities between documents may, in part, be due to sampling
effort or the scope of the individual report, all of which must be considered when synthesizing the
information as a baseline from which to assess impacts as significant or not. Rare as used in this sense does
not imply protected status under the law, such as under the Endangered Species Act.

I11.F.1.d. Pacific Salmon and Essential Fish Habitat. All five species of Pacific salmon occur in the
Alaskan Beaufort and Chukchi seas (Craig and Halderson, 1986; NMFS, 2005); they are the pink
(humpback), chum (dog), sockeye (red) salmon, chinook (king) salmon, and coho (silver) salmon. These
five species of salmon are managed species for which EFH is described that includes areas in the Beaufort
and Chukchi seas. Pacific salmon in the Alaskan Beaufort and Chukchi seas are considered “rare” species
in terms of abundance and range as defined above in Section IIL.F.1.c.

A significant body of information exists on the life histories and general distribution of salmon in Alaska
(NMES, 2005). Life history, general distribution, fisheries background, relevant trophic information,
habitat, and biological associations are described for Pacific salmon in Appendix F.5 of NMFS (2005) and
incorporated herein by reference. More information regarding the biology, ecology, and behavior of
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Pacific salmon is described in: Augerot (2005), Quinn (2005), and the ADF&G Fish Distribution
Database-Fish Profiles (http://www.sf.adfg.state.ak.us/SARR/FishDistrib/FDD _fishprofiles.cfm).

Salmon numbers decrease north of the Bering Strait, and they are relatively rare in the Beaufort Sea (Craig
and Halderson, 1986). Spawning runs in arctic streams are minor compared to those of commercially
important populations farther south (Craig and Halderson, 1986). Rivers south of Point Hope support
comparatively large runs of chum and pink salmon, and have been basically the northern distributional
limits for chinook, coho, and sockeye salmon (Craig and Halderson, 1986), although this appears no longer
so. Craig and Halderson (1986) noted that only pink salmon and, to a lesser degree, chum salmon, occur
with any regularity in arctic waters north of Point Hope and presumably maintain small populations in
several of the northern drainages; most occurring in streams west of Barrow.

In general, information on Pacific Salmon and their EFH is limited with respect to current distribution and
abundance estimates and associated trends, local and regional movements; and specifics about life history
habitats. See Section III.F.d(4) for a description of EFH for Pacific salmon in Alaska.

I11.F.1.d(1) Chinook, Sockeye, and Coho Salmon. There are no known stocks of chinook, sockeye, or
coho salmon in arctic waters north of Point Hope (Craig and Halderson, 1986). All three species are
considered extremely rare in the Beaufort Sea, representing no more than isolated migrants (vagrants) from
populations in southern Alaska or Russia (Fechhelm and Griffiths, 2001). Records of these species usually
consist of single specimens. Climate change in arctic Alaska (i.e., warming) may facilitate the range
expansion of chinook, sockeye, and coho salmon (e.g., Babaluk et al., 2000).

The northernmost known spawning population of Chinook salmon is believed to be in Kotzebue Sound
(Healy 1991). Small numbers of Chinook salmon reportedly are taken each year in the Barrow domestic
fishery, which operates in Elson Lagoon (Fechhelm and Griffiths, 2001, citing George, pers. commun.).
Strays have been captured in the Kuk and Colville rivers (Craig and Halderson, 1986). There also are
indications of a small run of Chinook salmon in the Kugrua River southwest of Point Barrow at Peard Bay
in the Chukchi Sea (Fechhelm and Griffiths, 2001, citing George, pers. comm.).

Sockeye salmon have their northernmost known spawning population in Kotzebue Sound (Stephenson,
2006, citing Burgner, 1991). The northernmost known population of spawning coho salmon is near Point
Hope, although coho salmon have occasionally been captured in marine waters farther east, near Prudhoe
Bay (Craig and Halderson, 1986).

I111.F.1.d(2) Pink Salmon. Pink salmon are widely distributed over the northern Pacific Ocean and Bering
Sea; they also occur to a lesser degree in arctic waters (Augerot, 2005). Pink salmon are the most abundant
salmon species in the Beaufort Sea, although their abundance is greatly reduced compared to waters in
western and southern Alaska (Craig and Halderson, 1986; Fechhelm and Griffiths, 2001). Their abundance
generally increases from east to west along the Alaskan Beaufort Sea coast. Fechhelm and Griffiths (2001)
state that reports of pink salmon in Canada are rare, with the last reported occurrence being that of Dymond
(1940, as cited by Fechhelm and Griffiths, 2001). However, Babaluk et al. (2000) report the two most
recent records of range extensions of pink salmon in the Canadian Arctic: pink salmon caught in August
1993 in the Sachs River estuary subsistence fishery (Banks Island, Northwest Territories), and another
caught in September 1992 in the West Channel of the Mackenzie River near Aklavik, Northwest
Territories. Augerot (2005) depicts pink salmon of limited spawning distribution in the Alaskan Arctic.

Craig and Halderson (1986) note that available data suggest that pink salmon are more abundant in even-
numbered years (for example, 1978, 1982) than in odd-numbered years (for example, 1975, 1983), as is the
general pattern for this species in western Alaska (Craig and Halderson, 1986, citing Heard, 1986). This
perceived pattern may be a manifestation of the distinctive 2-year life cycle of the pink salmon. Unlike
other anadromous fish species in arctic Alaska, the pink salmon is a short-lived species that places all its
reproductive effort into a single spawning event, and then dies. With its rigid 2-year life cycle, there is
virtually no reproductive overlap between generations; therefore, every spawning event must be successful
for the continued survival of the stock (Craig and Halderson, 1986).
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Small runs of pink salmon sometimes occur in nine drainages north of Point Hope (Craig and Halderson,
1986; Fechhelm and Griffiths, 2001). Small spawning runs of pink salmon occur in the Sagavanirktok and
Colville rivers, although not predictably from year to year. Among the few pink salmon collected in the
Sagavanirktok River and delta were several spawned-out adults. Bendock (1979) noted pink salmon
spawning near the Itkillik River and at Umiat. Two male spawners were caught near Ocean Point just north
of Nuigsut (Fechhelm and Griffiths, 2001, citing McElderry and Craig, 1981). In recent years, “substantial
numbers” of pink salmon have been taken near the Itkillik River as part of a fall subsistence fishery
(Fechhelm and Griffiths, 2001, citing George, pers. commun.). Pink salmon also are taken in the
subsistence fisheries operating in the Chipp River and Elson Lagoon just to the east of Point Barrow
(Fechhelm and Griffiths, 2001, citing George, pers. commun.). Craig and Halderson (1986) proposed that
pink salmon spawn successfully and maintain small but viable populations in at least some arctic drainages;
continued occurrences of pink salmon in arctic drainages indicates their suggestion is credible.

Run timings are rather inexact. Along the northeastern Chukchi Sea coast, run times in spawning streams
may occur in mid-July; while along the western Beaufort coast, run times appear to commence in late July
until the end of August (Craig and Halderson, 1986). Occurrence of adult salmon in spawning streams in
mid- to late July indicates their presence in marine waters along the Arctic coast in advance of the runs.
How early salmon move into marine waters of the region is unknown, but is hypothesized to precede runs
in spawning streams by as much as several weeks.

Schmidt, McMillan, and Gallaway (1983) describe the life cycle of pink salmon:

Eggs are laid in redds [nests] dug in gravel. The eggs hatch during the winter however the alevins
remain in the gravel, until the yolk sac is absorbed, emerging later in spring. After emerging from
the gravel, the fry begin moving downstream. They remain in the estuary for up to a month prior
to moving offshore. Little is known of the movements undertaken during the 18 months the
salmon spend at sea. It is likely the North Slope populations move westerly towards the Chukchi
Sea and upon maturing at the age of 2 years, the salmon then return to their natal streams to spawn
in the fall.

Generally, early marine schools of pink salmon fry, often in large, dense aggregations, tend to follow
shorelines and, during the first weeks at sea, spend much of their time in shallow water only a few
centimeters deep (NMFS, 2005:Appendix F). It has been suggested that this onshore period involves a
distinct ecological life-history stage in both pink and chum salmon. In many areas throughout their ranges,
pink salmon and chum salmon fry of similar age and size co-mingle in both large and small schools during
early life in the marine environment.

Diet studies show that pink salmon are both opportunistic and generalized feeders and on occasion they
specialize in specific prey items (NMFS, 2005:Appendix F). Young-of-the-year probably do not feed
significantly during the short period spent in natal streams but feed on copepods and other zooplankton in
the estuary (Schmidt, McMillan, and Gallaway, 1983). As the fish grow, larger prey species become
important, including amphipods, euphausiids, and fishes (Schmidt, McMillan, and Gallaway, 1983, citing
Morrow, 1980 and Scott and Crossman, 1973). Craig and Halderson (1986) state that most (adult) pink
salmon caught in Simpson Lagoon had not fed recently (88% empty stomachs, n=17). The only available
information on marine feeding is from Kasegaluk Lagoon, where stomachs of 17 captured adult salmon
contained mostly fish (chiefly arctic cod), with some amphipods and mysids (Craig and Halderson, 1986,
citing Craig and Schmidt, 1985). Studies indicate that juvenile pink salmon are primarily diurnal feeders
(NMES, 2005:Appendix F).

111.F.1.d(3) Chum Salmon. Chum salmon are widely distributed in arctic waters but are relatively less
common than pink salmon (Craig and Halderson, 1986; Babaluk et al., 2000; Fechhelm and Griffiths,
2001). Only populations relatively small in number spawn north and east of the Noatak River, which enters
the Chukchi Sea at Kotzebue, Alaska (NMFS, 2005:Appendix F). In general, chum salmon spawn in the
lower reaches of coastal streams <100 mi upstream from the ocean (NMFS, 2005:Appendix F). Chum
salmon are the Pacific salmon most frequently caught by fishermen in the lower Mackenzie River area of
Canada (Babaluk et al., 2000, citing Hunter, 1974). Their long migration up the Mackenzie River (about
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2,000 km) is nearly as impressive as that of chum salmon in the Yukon River (3,200 km [Craig and
Halderson, 1986, citing Hart, 1973]). Despite the presence of these spawning stocks, few studies
conducted in Canadian waters report catching chum salmon (Fechhelm and Griffiths, 2001).

The Pitmigea, Kukpowruk, Kuk, and Kugrua rivers along the northeastern Chukchi Sea coast are reported
to support small populations of chum salmon. Individual salmon have been collected in the Kukpuk,
Kokolik, and Utukok rivers, Kuchiak Creek, Kaegaluk Lagoon, and along the Wainwright Coast; however,
these salmon are treated as strays (Craig and Halderson, 1986; Fechhelm and Griffiths, 2001).

Small spawning runs of chum salmon occur in the Colville River from mid-August to mid September
(Bendock, 1979). In recent years, smolts have been caught in the lower delta (Fechhelm and Griffiths,
2001, citing Moulton, 1999, 2001). Chum salmon are taken in the fall subsistence fishery but comprise a
minor portion of the total catch (Fechhelm and Griffiths, 2001). Substantial numbers (undefined) of chum
salmon are taken in the Chipp River and in Elson Lagoon, including adults in spawning condition, although
such harvests are variable from year to year (Fechhelm and Griffiths, 2001, citing George, pers. commun.).
Despite the presence of these runs, Fechhelm and Griffiths (2001) regard chum salmon as rare in Beaufort
Sea coastal waters, particularly east of the Colville River.

Generally, chum salmon return to spawn as 2-7-year olds (NMFS, 2005:Appendix F). Two-year-old chum
are rare in North America and occur primarily in the southern part of their range (e.g., Oregon). Seven-
year-old chum also are rare and occur mostly in the northern areas (e.g., the Arctic). In general chum
salmon get older from south to north. Slow to rapid growth in the ocean can modify the age at maturity.
Slower growth during the second year at sea causes some chum salmon to mature 1 or 2 years later.

Chum salmon fry, like pink salmon, do not overwinter in streams but migrate (mostly at night) out of
streams directly to sea shortly after emergence. The timing of outmigration in the Arctic is unknown, but
in more southern waters it occurs between February and June (chiefly during April and May). Chum
salmon tend to linger and forage in intertidal areas at the head of bays. Estuaries are very important for
chum salmon rearing during summer.

Once in coastal waters, chum salmon juveniles probably migrate southward toward the Bering Sea, thereby
avoiding the cold waters of the arctic marine environment in winter. There is apparently some evidence
from a few tag recoveries that chum salmon from arctic rivers may migrate as far south as the Gulf of
Alaska (Craig and Halderson, 1986, citing Neave, 1964).

Juvenile chum salmon use a wide variety of prey species, including mostly invertebrates (including
insects), and gelatinous organisms (NMFS, 2005:Appendix F). Chum salmon eat a variety of foods during
their ocean life, e.g., amphipods, euphausiids, pteropods, copepods, fish, and squid larvae. Chum salmon
also use gelatinous zooplankton for food more often than other species of salmon.

Chum salmon are subject to the same habitat concerns as other species of salmon, e.g., habitat destruction,
pollution (NMFS, 2005:Appendix F). Additionally, chum salmon have two habitat requirements that are
essential in their life history that make them very vulnerable: (1) reliance on upwelling ground water for
spawning and incubation and (2) reliance on estuaries/tidal wetlands for juvenile rearing after migrating out
of spawning streams. In the Noatak River, an arctic drainage just south of Point Hope, chum salmon spawn
in areas where intragravel temperatures are 3-5 °C higher than in the mainstem (Craig and Halderson, 1986,
citing Merritt and Raymond, 1983). These warmer spawning habitats provide about 1,130 temperature
units (centigrade-degree days) between spawning and emergence, compared to only 215 temperature units
available elsewhere in the drainage during the same period (Craig and Halderson, 1986). The hydrology of
upwelling ground water into stream gravel is highly complex and poorly understood (NMFS,
2005:Appendix F).

I11.F.1.d(4) Essential Fish Habitat for Pacific Salmon in Alaska. Essential Fish Habitat for each Pacific
salmon species is described and mapped by NMFS (2005). The Alaska Department of Fish and Game
maintains anadromous waters data in its Fish Distribution Database
(http://www.sf.adfg.state.ak.us/sarr/FishDistrib/anadcat.cfm) and interactive mapping. More than 14,000
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waterbodies containing anadromous salmonids identified in the State represent only part of the salmon EFH
in Alaska, because many likely habitats have not been surveyed. Marine EFH for the salmon fisheries in
Alaska includes all estuarine and marine areas used by Pacific salmon of Alaska origin, extending from the
influence of tidewater and tidally submerged habitats to the limits of the U.S. Exclusive Economic Zone
(EEZ). This habitat includes waters of the continental shelf (to the 200-m isobath). In the deeper waters of
the continental slope and ocean basin, salmon occupy the upper water column, generally from the surface
to a depth of about 50 m. Chinook and chum salmon use deeper layers, generally to about 300 m, but on
occasion to 500 m. The marine EFH for Alaska salmon fisheries described above also is EFH for the
Pacific coast salmon fishery for those salmon stocks of Pacific Northwest origin that migrate through
Canadian waters into the Alaska EFH zone. A more detailed description of EFH for salmon found in
Arctic Alaska includes:

o Estuarine EFH for juvenile chinook salmon is the general distribution area for this lifestage,
located in estuarine areas, as identified by the salinity transition zone (ecotone) and the mean
higher tide line, within nearshore waters. Chinook salmon smolts and postsmolt juveniles may be
present in these estuarine habitats from April through September (NMFS, 2005:Figures D-177
through D-182). Marine EFH for juvenile Chinook salmon is the general distribution area for this
lifestage, located in all marine waters off the coast of Alaska from the mean higher tide line to the
200-nmi limit of the EEZ, including the Gulf of Alaska, eastern Bering Sea, Chukchi Sea, and
Arctic Ocean. Juvenile marine chinook salmon are at this life stage from April until annulus
formation in January or February during their first winter at sea (NMFS, 2005:Figure D-183). The
EFH for immature and maturing adult Chinook salmon is the general distribution area for this
lifestage, located in marine waters off the coast of Alaska and ranging from the mean higher tide
line to the 200-nmi limit of the U.S. EEZ, including the Gulf of Alaska, eastern Bering Sea,
Chukchi Sea, and Arctic Ocean (NMFS, 2005:Figure D-183).

o Estuarine EFH for juvenile sockeye salmon is the general distribution area for this lifestage,
located in estuarine areas, as identified by the salinity transition zone (ecotone) and the mean
higher tide line, within nearshore waters. Under-yearling, yearling, and older smolts occupy
estuaries from March through early August, as depicted in Figures D-170 through D-175 (NMFS,
2005). Marine EFH for juvenile sockeye salmon is the general distribution area for this lifestage,
located in all marine waters off the coast of Alaska to depths of 50 m and range from the mean
higher tide line to the 200-nmi limit of the U.S. EEZ, including the Gulf of Alaska, eastern Bering
Sea, Chukchi Sea, and Arctic Ocean from midsummer until December of their first year at sea, as
depicted in Figure D-176 (NMFS, 2005). The EFH for immature and maturing adult sockeye
salmon is the general distribution area for this lifestage, located in marine waters off the coast of
Alaska to depths of 200 m and range from the mean higher tide line to the 200-nmi limit of the
U.S. EEZ, including the GOA, EBS, Chukchi Sea, and Arctic Ocean, as depicted in Figure D-176
(NMFS, 2005).

o Estuarine EFH for juvenile coho salmon is the general distribution area for this lifestage, located
in estuarine areas, as identified by the salinity transition zone (ecotone) and the mean higher tide
line, within nearshore waters. Juvenile coho salmon require year-round rearing habitat and also
migration habitat from April to November to provide access to and from the estuary. Marine EFH
for juvenile coho salmon is the general distribution area for this lifestage, located in all marine
waters off the coast of Alaska from the mean higher tide line to the 200-nmi limit of the U.S. EEZ,
including the Gulf of Alaska, eastern Bering Sea, Chukchi Sea, and Arctic Ocean, as depicted in
Figure D-190 (NMFS, 2005). The EFH for immature and maturing adult coho salmon is the
general distribution area for this lifestage, located in marine waters off the coast of Alaska to 200
m in depth and range from the mean higher tide line to the 200-nmi limit of the U.S. EEZ,
including the GOA, EBS, Chukchi Sea, and Arctic Ocean, as depicted in Figure D-190 (NMFS,
2005).

o Estuarine EFH for juvenile pink salmon is the general distribution area for this lifestage, located in
estuarine areas, as identified by the salinity transition zone (ecotone) and the mean higher tide line,
within nearshore waters and generally present from late April through June, as depicted in Figures
D-156 through D-161 (NMFS 2005). Marine EFH for juvenile pink salmon is the general
distribution area for this life stage, located in all marine waters off the coast of Alaska from the
mean higher tide line to the 200-nmi limit of the U.S. EEZ, including the Gulf of Alaska, eastern
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Bering Sea, Chukchi Sea, and Arctic Ocean, as depicted in Figure D-162 (NMFS 2005). The EFH
for immature and maturing adult pink salmon is the general distribution area for this lifestage,
located in marine waters off the coast of Alaska to depths of 200 m and range from the mean
higher tide line to the 200-nmi limit of the U.S. EEZ, including the Gulf of Alaska, eastern Bering
Sea, Chukchi Sea, and Arctic Ocean. Mature adult pink salmon frequently spawn in intertidal
areas and are know to associate with smaller coastal streams, as depicted in Figure D-162 (NMFS
2005).

o Estuarine EFH for juvenile chum salmon is the general distribution area for this lifestage, located
in estuarine areas, as identified by the salinity transition zone (ecotone) and the mean higher tide
line, within nearshore waters from late April through June, as depicted in Figures D-163 through
D-168 (NMFS, 2005). Marine EFH for juvenile chum salmon is the general distribution area for
this lifestage, located in all marine waters off the coast of Alaska to approximately 50 m in depth
from the mean higher tide line to the 200-nmi limit of the EEZ, including the Gulf of Alaska,
eastern Bering Sea, Chukchi Sea, and Arctic Ocean, as depicted in Figure D-169 (NMFS, 2005).
The EFH for immature and maturing adult chum salmon is the general distribution area for this
lifestage, located in marine waters off the coast of Alaska to depths of 200 m and ranging from the
mean higher tide line to the 200-nmi limit of the EEZ, including the Gulf of Alaska, eastern
Bering Sea, Chukchi Sea, and Arctic Ocean, as depicted in Figure D-169 (NMFS, 2005).

I11.F.1.d(5) Distribution and Abundance Trends of Pacific Salmon in the Alaskan Beaufort Sea. The
literature largely treats the Beaufort Sea as a population sink for Pacific salmon, in some cases suggesting
that none of the salmon species have established sustained populations in waters east of Point Barrow
(Bendock and Burr, 1984). Many reports describe salmon as “straying” into the Beaufort Sea (Craig and
Halderson, 1986) or comprising only a few isolated spawning stocks of pink and chum salmon (Craig and
Halderson, 1986; Fechhelm and Griffiths, 2001). The occurrence of pink and chum salmon in arctic waters
probably is due to their relative tolerance of cold water temperatures and their predominantly marine life
cycle (Craig and Halderson, 1986, citing Salonius, 1973). The expansion of chinook, sockeye, and coho
salmon into the Arctic appears restricted by cold water temperatures, particularly in freshwater
environments (Craig and Halderson, 1986). However, the recent range extensions of pink, sockeye, and
chum salmon in the Canadian Arctic, as described by Babaluk et al. (2000), indicate that some Pacific
salmon may be expanding their distribution in arctic waters, and possibly their abundance as well. Babaluk
et al. (2000) also note that significant temperature increases in arctic areas as a result of climate warming
may result in greater numbers of Pacific salmon in the area.

Because Pacific salmon appear to be expanding their range eastward and northward in the Canadian
Beaufort Sea, it is reasonable to expect that Pacific salmon are expanding their distribution in the Chukchi
Sea and that their populations may be increasing in both the northeastern Chukchi Sea and western
Beaufort Sea.

I11.F.1.e. Invertebrate Fishery Resources and Fragile Biocenoses. Recall that the MSA defines “fish”
to mean finfish, mollusks, crustaceans, and all other forms of marine animal and plant life other than
marine mammals and birds. The term “fishery resource” means any fishery, any stock of fish, any species
of fish, and any habitat of fish. In the western Beaufort and northeastern Chukchi seas, there are several
additional forms of marine animal and plants that are important fishery resources. These forms include
macroscopic algae (chiefly kelp communities forming biogenic structures), squid, and snow crab.

111.F.1.e(1) Kelp and Macroscopic Algae. Dense kelp grows on a few areas of the seabed of the Beaufort
Sea (USDOI, MMS, 2003a). The distribution of kelp is limited by three chief factors: ice gouging,
sunlight, and hard substrate. Ice gouging restricts the growth of kelp to protected areas, such as behind
barrier islands and shoals. Hard substrates are necessary for kelp to hold fast and are restricted to areas
with low sedimentation rates. The best known kelp bed in the Beaufort Sea is the Boulder Patch. It is
located behind the barrier islands of Stefansson Sound (USDOI, MMS, 2002). Kelp also grows sparsely in
West Camden Bay (USDOI, MMS, 1998).

The Boulder Patch is well studied and supports about 300 known infaunal and epilithic species (Dunton
and Schonberg, 2000). The total biomass of organisms is about an order of magnitude higher than for most
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of the OCS seabed; in contrast to the 30 grams per square meter (g/m) of benthos of most of the Beaufort
OCS seabed, about 300 g/m? of epilithic organisms inhabit the Boulder Patch (Dunton and Schonberg,
2000). The kelp community spreads very slowly, taking almost a decade to recolonize denuded boulders
(Martin and Gallaway, 1994). The plants live a long time; Dunton observed some that probably were more
than 40 years old and noted that growth of kelp in the Boulder Patch has varied considerably from year to
year (USDOI, MMS, 1998).

Distribution and density of kelp in western Camden Bay is not well known (USDOI, MMS, 2003a).
During exploration of the Warthog Prospect in 1997, kelp was observed on a patch of boulders in about 11
m of water (USDOI, MMS, 1998). Kelp also has been observed shoreward in an area behind a shoal near
Konganevik Point, although its spatial distribution and density are not known.

Kelp beds are likely to occur elsewhere in the western Beaufort Sea but have not been systematically
surveyed, and other kelp beds may be discovered as more areas are explored. Systematic surveys of
macroscopic algae, especially kelp beds, have not been conducted in the northeastern Chukchi Sea.
Records from a variety of sources do indicate the presence of at least two kelp beds along the coast. One
first described by Mohr, Wilimovsky, and Dawson (1957) and confirmed by Phillips et al. (1982) is located
about 20 km northeast of Peard Bay near Skull Cliff. Another was reported by Phillips and Reiss (1985)
approximately 25 km southwest of Wainwright in water depths of 11-13 m. The known kelp beds are
located relatively close to the coast in State waters.

Macroscopic algal growth in nearshore areas of the Chukchi Sea probably is limited by the availability of
suitable substrates (rock, cobble, and gravel) (USDOI, MMS, 1990a). The existent kelp beds and stand of
green sea lettuce (Ulva) in Peard Bay are additional sources of primary production. Kelp beds provide
three-dimensional structure in an otherwise homogeneous environment that, in some areas, increases the
diversity of organisms living in the area. Mohr, Wilimovsky, and Dawson (1957) recorded that relatively
few invertebrates (all polychaetous annelids and arthropods) were taken, as well as six species of fishes in
association with the algae near Skull CIiff.

111.F.1.e(2) Squid and Essential Fish Habitat. Squid occur in the northeastern Chukchi and western
Beaufort seas; as squid on occasion (e.g., in 1998 and 2005) strand on the beach near Barrow (George,
2005, pers. commun.). In general, squid can be among the more dominant prey species for some marine
fishes, seabirds, and marine mammals. No information was found as to the species inhabiting the areas;
hence, we cannot describe their biology and ecology as relating to a baseline description.

111.F.1.e(3) Snow crab (Chionoecetes opilo) and Essential Fish Habitat. The snow crab is a circumpolar
species for which there are substantial fisheries in the Atlantic and Pacific oceans (Paul, Paul, and Barber,
1997). In the northwest Pacific Ocean, snow crabs occur in the northern Sea of Japan, the Bering and
Chukchi seas from Wrangel Island to Point Barrow, and the Beaufort Sea at the mouth of the Mackenzie
River (Paul, Paul, and Barber, 1997, citing Slizkin 1989). In the northeastern Chukchi Sea, snow crabs are
a dominant benthic species; however, because they have not been historically harvested their basic biology
and ecology is poorly described.

The snow crab is a brachyuran (meaning short-tailed) or true crab. The body is composed mainly of a
chitinous shell or carapace with a small abdominal flap. They have five pairs of legs, with the first pair
equipped with pincers. Snow crabs may live to an estimated maximum age of 14 years
(http://www.adfg.state.ak.us/pubs/notebook/shellfsh/tanner.php).

Females mate with an adult male for the first time during her last molt (maturity molt). The male crab is
attracted by a chemical attractant (pheromone) released by the female. Females molt to sexual maturity and
mate in the softshell condition while grasped by the male. Older, hard-shelled females also are mated by
adult males but in the absence of a male, they are capable of producing an egg clutch with sperm stored
from a previous mating.

Fertilization is internal, and the eggs usually are ovulated (extruded) within 48 hours onto the female’s
abdominal flap, where they incubate for a year. Hatching occurs late the following winter and spring, with
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the peak hatching period usually during April to June. This is normally the peak of the spring plankton
bloom, so egg hatch coincides with the high availability of food for the larvae crab.

The young, free-swimming larvae molt many times and grow through several distinct stages. Growth
during this period usually is dependent on water temperature but lasts about 63-66 days, after which the
larvae lose their swimming ability and settle to the ocean bottom. After numerous molts and several years
of growth, females mature at approximately 5 years of age. Males mature at about 6 years.

Recent research by Dionne et al. (2003) determined the distribution pattern of juvenile snow crab in the
northwestern Gulf of St. Lawrence, Canada. They found that juvenile snow crabs had a heterogeneous
distribution among the temperature-depth strata and expressed specific habitat preferences, both ontogeny
dependent. Temperature seemed to be more important than substratum for determining the spatial
distribution of juvenile snow crabs. They also observed a shift in juvenile distribution towards shallower
depths with increasing age, and suggested the ontogenic shift in juvenile distribution may reflect either high
mortality in deep strata or migration to shallow waters. Such habitat shifts with ontogeny are common
among mobile marine animals. They suggested that warmer surface temperatures could increase growth
for older juvenile stages of snow crabs, as documented in other species of crabs.

Snow crabs feed on a wide assortment of marine life including worms, clams, mussels, snails, crabs, other
crustaceans, and fish parts. They are fed on by demersal and pelagic fish, and humans. Migration patterns
are not well understood. It is known that the sexes are separated during much of the year and move into the
same areas during the reproductive season.

Paul, Paul, and Barber (1997) noted that little is known about the factors influencing the distribution and
abundance of snow crabs, and that such factors must include larval recruitment dynamics, habitat
requirements, thermal tolerance, water-depth preferences, predation, competition, and cannibalism, and that
the relative importance of these factors is unknown. Theirs is the most recent study of snow crabs in the
Chukchi Sea. Paul, Paul, and Barber, (1997) sampled 56 stations in the northeastern Chukchi Sea
during1990-1991 and found snow crabs present at all stations, with the largest abundance and biomass
tending to be in the southern part (south of 70° N. latitude to Point Hope) of their study area, but varying
extensively between stations. Abundance and biomass estimates also varied considerably between trawls at
most stations. The highest estimated mean abundance (100,000/km?) was at station 1 (i.e., northwestern-
most station sampled); the lowest mean abundance (190/km?) was at station 28 (i.e., approximately 22 nmi
southwest of Hanna Shoal). Mature crabs of both sexes were collected in the Chukchi Sea during their
study. Paul, Paul, and Barber (1997) found that Chukchi snow crab tended to be smaller than Bering Sea or
North Atlantic individuals. They also found that fecundity estimates for Chukchi snow crab are similar to
other estimates. Fecundity of snow crabs positively correlated to increasing body size (Paul, Paul, and
Barber, 1997, citing Haynes et al., 1981; Paul and Fuji, 1989). Paul, Paul, and Barber (1997) noted that
contrasting observations with those of Jewett (1981, as cited by Paul, Paul, and Barber, 1997) suggest that
the dates that snow crabs ovulate varies interannually.

Prior to the survey conducted by Paul, Paul, and Barber (1997), Frost and Lowry (1983) caught 49 snow
crabs in eight trawls (of a total of 35 successful tows) made in the western Beaufort Sea and northeastern
Chukchi Sea. All snow crabs were caught west of 155° W. longitude. Only one female caught was bearing
eggs. Frost and Lowry (1983) cited MacGinitie (1955) as reportedly catching no egg-bearing females off
Point Barrow. The ratio of males to females collected by Frost and Lowry (1983) was about 2:1.

I11.F.1.f. Commercial Fisheries. While there are extensive fisheries off Alaska south of the Seward
Peninsula and eastward toward the eastern Pacific Coast, there is little fishery activity beyond that of the
subsistence fisheries in the Alaskan Arctic. In the Chukchi Sea, a small commercial fishery for Pacific
salmon originates from Kotzebue, Alaska, and a smaller commercial fishery for snow crab in Federal
waters appears to be growing. A family-operated commercial fishery (the Helmericks) exists in the
Alaskan Beaufort.

I11.F.1.g. Past and Present Response to Climate Change. Fish resources of the northeastern Chukchi
Sea were last surveyed 15-17 years ago. Additionally, other surveys over the years and area reflect a
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pattern of temporally and spatially irregular and disjunct sampling. Such disorganized sampling and data
reporting greatly influences the information quality necessary to determine population trends and
adjustments to environmental perturbations. Establishing a current, accurate, and precise baseline is critical
to assessing potential changes to biotic resources. So, is the distribution and abundance information
gathered by the last surveys still accurate and precise of arctic fish populations today? This is an important
question, because the Chukchi and Bering seas are believed to be large marine ecosystems serving as
principle bellwethers to climate change in North America and the Arctic Ocean.

The climate of the Arctic is changing, and evidence of such change is discussed in Section III.A.1 as well
as in the Arctic Climate Impact Assessment (ACIA, 2005). Trends in instrumental records over the past 50
years indicate a reasonably coherent picture of recent environmental change in northern high latitudes
(ACIA, 2005). It is probable that the past decade was warmer than any other in the period of the
instrumental record. The observed warming in the Arctic appears to be without precedent since the early
Holocene.

Climate change is altering the distribution and abundance of marine life in the Arctic. For example, Berge
et al. (2005) report the fist observations of settled blue mussels, Mytilus edulis, in the high Arctic
Archipelago of Svalbard for the first time since the Viking Age. A scattered population was discovered at a
single site at the mouth of Isfjorden in August 2004. Their data indicate that most mussels settled there as
spat in 2002, and that larvae were transported by the currents northwards from the Norwegian coast to
Svalbard the same year. This extension of the blue mussels’ distribution range was made possible by the
unusually high northward mass transport of warm Atlantic water resulting in elevated sea-surface
temperatures in the North Atlantic and along the west coast of Svalbard. Numerous other examples are
being realized in the North Atlantic, where temperate and subtropical fishes are being caught and
documented for the first time off the United Kingdom and the Scandinavian countries.

While climatic warming is not distributed evenly across the Arctic, the Bering, Chukchi, and Beaufort seas
are clearly experiencing a warming trend (ACIA, 2005). Over the last 50 years, annual average
temperatures have risen by about 2-3 °C in Alaska and the Canadian Yukon, and by about 0.5 °C over the
Bering Sea and most of Chukotka (ACIA, 2004). The largest changes have been during winter, when near-
surface air temperatures increased by about 3-5 °C over Alaska, the Canadian Yukon, and the Bering Sea,
while winters in Chukotka got 1-2 °C colder.

Climate change can affect fish production (e.g., individuals and/or populations) through a variety of means
(Loeng, 2005). Direct effects of temperature on the metabolism, growth, and distribution of fishes occur.
Food-web effects also occur through changes in lower trophic-level production or in the abundance of
predators, but such effects are difficult to predict. Fish-recruitment patterns are strongly influenced by
oceanographic processes such as local wind patterns and mixing and by prey availability during early
lifestages. Recruitment success sometimes is affected by changes in the time of spawning, fecundity rates,
survival rate of larvae, and food availability.

For example, a climate shift occurred in the Bering Sea in 1977, abruptly changing from a cool to a warm
period—perhaps a reflection of the Pacific Decadal Oscillation (ACIA, 2004, 2005). The warming brought
about ecosystem shifts that favored herring stocks and enhanced productivity for Pacific cod, skates,
flatfish, and noncrustacean invertebrates. The species composition of seafloor organisms changed from
being crab dominated to a more diverse assemblage of echinoderms, sponges, and other sea life.
Historically high commercial catches of Pacific salmon occurred. The walleye pollock catch, which was at
low levels in the 1960°s and 1970°s (2-6 million tonnes), has increased to levels >10 million tonnes for
most years since 1980. Additional recent climate-related impacts observed in the Bering Sea large marine
ecosystem include significant reductions in certain seabird and marine mammal populations, unusual algal
blooms, abnormally high water temperatures, and low harvests of salmon on their return to spawning areas.
While the Bering Sea fishery has become one of the world’s largest, numbers of salmon have been far
below expected levels, fish have been smaller than average, and their traditional migratory patterns appear
to have been altered.
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We know that better-known fish resources (e.g., abundant species) can exhibit very large interannual
fluctuations in distribution, abundance, and biomass (e.g., capelin, arctic cod, Bering flounder, Pacific sand
lance). Climate change experienced in the past and apparently accelerating in arctic Alaska likely is
altering the distribution and abundance of their respective populations from what was known from past
surveys.

The Arctic Climate Impact Assessment (ACIA, 2004, 2005) concluded (in part) that:

(1) The southern limit of distribution for colder water species (e.g., Arctic cod) are anticipated to
move northward. The distribution of more southerly species (e.g., from the Bering Sea) are
anticipated to move northward. Timing and location of spawning and feeding migrations are
anticipated to alter;

(2) Wind-driven advection patterns of larvae may be critical as well as a match/mismatch in the
timing of zooplankton production and fish-larval production, thereby influencing productivity
(e.g., population abundance and demography);

(3) That species composition and diversity will change: Pacific cod, herring, walleye pollock, and
some flatfish are likely to move northward and become more abundant, while capelin, Arctic cod,
and Greenland halibut will have a restricted range and decline in abundance.

I11.F.1.h. Data Deficiencies. Information of current distribution and abundance (e.g., density/km?)
estimates, age structure, population trends, or habitat use areas are not available or are outdated for fish
populations in the northeastern Chukchi or western Beaufort seas. It is not known if the findings of Frost
and Lowry (1983) still accurately portray the diversity and abundance of demersal fishes in the Alaskan
Beaufort Sea. Another important data gap is the lack of information concerning discrete populations for
arctic fishes using modern scientific methods. In addition, Pacific salmon occur in the region; however,
studies directed at investigating their population dynamics, migration, and habitat use are nonexistent.

I11.F.1.i. Potential Impacts of the Proposed Action. The principle impacting agent attributable to the
Proposed Action involves the acoustic-energy pulses emitted by airguns used in the seismic surveys.
Additional impacting agents involve vessel-traffic noise and anchoring and the introduction of hydrophone
arrays towed or suspended in the ocean or placed on the seafloor. This section scrutinizes the acoustic
impacts associated with airgun emissions and vessel noise and mechanical impacts to habitat (i.e., via
anchoring, cable towing, deployment and retrieval from the seafloor, and cable hangups within fragile
biocenoses).

The MMS also assumes that marine resources could be exposed to accidentally spilled lubricating oil or
diesel fuel from a vessel associated with seismic-survey operations or by a leaking or torn streamer array
under tow by a vessel, if solid/gel streamers are not used. The liquid used to fill and provide streamer
buoyancy usually is liquid paraffin that is biodegradable and evaporates very quickly. The MMS believes
that the incidents involving the release of oil and fuel from vessels during refueling likely would be small,
on the order of <5 gallons. This section also assesses potential impacts of such accidental spills on
fish/fishery resources and EFH.

I11.F.1.i(1) Acoustic Detection and Capabilities. Marine organisms have evolved a plethora of ways to
sense their environment and then use these senses to provide information that allows them to communicate
and to find their way (Popper, 2003a). To the best of our knowledge, hearing by aquatic species is
primarily confined to vertebrates, though there are many noisy aquatic invertebrates but little data on these
animals in which to draw broad generalizations of their inability to hear (Popper, 2003a).

Fishes can detect sounds via the saccule of the ear (one of the inner ear end organs) (Popper et al., 2003).
Studies have demonstrated that many fish species produce and use sounds for a variety of behaviors with
some discriminating between different frequencies and intensities and detect the presence of a sound within
substantial background noise (Popper et al., 2003). Recent studies have shown that localization is indeed
possible (Popper et al., 2003, citing e.g., Schuijf et al., 1972; Schuijf, 1975; Hawkins and Sand, 1977). Fish
bioacoustics is an extensive topic that includes hair-cell-based systems (i.e., auditory system and lateral-
line system); theses concerning such include Tavolga et al. (1981); Popper and Fay (1993); Coombs and
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Montgomery (1999); Popper and Fay, (1999); Coombs and Braun (2003); Popper et al. (2003); and
Nedwell et al. (2004), and are incorporated herein by reference. Also provided herein are some salient
points from these references that are directly pertinent to the assessment of potential impacts.

Hearing in fishes is not only for acoustic communication and detection of sound-emitting predators and
prey but can also play a major role in telling fishes about the acoustic scene at distances well beyond the
range of vision (Popper et al., 2003). For example, Crawford and Jorgenson (1993) suggested that the
schooling behavior of arctic cod could be the result of their orienting their distribution under drifting pack
ice according to the sound generated by floating ice pieces. Arctic cod have drumming muscles on their
gas bladder (Crawford and Jorgenson, 1993, citing Hawkins and Rasmussen, 1978). They note that sound
is an important orientation or communication stimulus to other arctic animals and suggest that it also may
be important to arctic cod.

Teleost (bony) fishes produce sound in several ways (Popper et al., 2003). These fishes use a variety of
different methods to produce sounds that range from simply moving two bones together to more complex
mechanisms involving exceptionally fast muscles connected to the swim bladder. The gas bladder in the
abdominal cavity may serve as a sound amplifier (although it has other functions as well). Sounds
produced in this way usually have most of their energy below 1,000 Hz and most often below 500 Hz.

Fishes use sounds in behaviors including aggression, defense, territorial advertisement, courtship, and
mating (Popper et al., 2003). Some marine catfish have been suggested to use a form of “echolocation” to
identify objects in their environment by producing low-frequency sounds and listening to the reflections
(Popper et al., 2003, citing Tavolga, 1971b, 1976a).

The temporal pattern of fish sounds, rather than their frequency spectrum, has been considered the most
important communicative feature of sounds generated by fishes (Popper et al., 2003, citing Winn, 1964).
Popper et al. (2003, citing Myrberg and Riggio, 1985) demonstrated that bicolor damselfish, Stegastes
partitus, can discriminate between individuals of the same species, and they speculated that the
discrimination was based on frequency components of the sounds.

Very little is actually known about acoustic communication in fishes, in part due to difficulties in studying
underwater acoustic behavior (see Popper et al., 2003, citing Zelick et al., 1999 for a discussion of this
issue). It is likely that many more fish species make and use sounds than currently reported in the
literature.

Popper and his coworkers recently argued that fishes are likely to use sound for more than interspecific
communication (Popper et al., 2003, citing Sand and Karlsen, 1986, 2000; Popper and Fay, 1997; Fay and
Popper, 2000). It is now widely thought that terrestrial vertebrates glean a good deal of information about
the general nature of the environment from biological and nonbiological sounds making up the auditory
scene (Popper et al., 2003, citing Bregman, 1990). From this concept, Popper et al. have suggested that
vertebrate hearing evolved in aquatic ancestors of fishes as an adaptation to gain information about the
environment in ways that were not obtainable by vision or the chemical senses, and especially about the
environment beyond the range of these senses (Popper et al., 2003, citing Popper and Fay, 1997; Fay and
Popper, 2000). It was only after hearing evolved that fishes are likely to have adapted the general sound-
processing capabilities for communication. Thus, while all fishes probably detect sounds and are likely to
use sounds to learn about their environment, a smaller set of fishes actually have evolved use of sound for
communication.

Teleost fishes may be divided roughly into three nontaxomic groups, depending on their use of the swim
bladder or other gas-filled structures as accessory hearing organs (Popper et al., 2003, citing Fay, 1988;
Popper and Fay, 1999). The hearing specialists have either (1) a bony connection between the anterior part
of the swim [gas] bladder and the inner ear or (2) gas-filled vesicles in close or direct contact with the inner
ear otolith organs. Species lacking gas-filled structures constitute the other extreme, while fishes
possessing a swim bladder but lacking specialized connections fall in between. The latter two groups are
commonly termed hearing nonspecialists (or hearing generalists). The hearing specialists have both higher
sensitivity in the optimal frequency range and higher upper-frequency cutoff than the other groups. For
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frequencies below 30-50 Hertz, hearing sensitivity probably converges in all groups. This convergence
occurs because the free-field particle-motion oscillations will be exceeded by the pulsation amplitudes of a
gas-filled bladder only above a certain frequency, which depends on both swim bladder volume and depth
(Popper et al., 2003, citing Sand and Hawkins, 1973). Therefore, gas-filled bladders provide no auditory
gain in the very low frequency range, where all species are insensitive to sound pressure.

Sound pressure thresholds and audiograms can be interpreted only for the pressure-specialized species and
have little or no meaning for unspecialized species (Popper et al., 2003). Nevertheless, it is often said that
the sound pressure-hearing specialists hear with greater sensitivity and over a wider frequency range than
hearing nonspecialists. For most sound sources (vibrating bodies) and under many environmental
conditions, specialists will be able to detect the sound at lower source levels of motion or energy, at greater
distances, and at higher frequencies than nonspecialists. Specialists detect lower source levels and a given
source at greater distances because of the auditory gain provided by the swim bladder; and they have a
higher frequency range of hearing than nonspecialists, because the underwater acoustic particle motions are
smaller at the higher frequencies for a given sound-pressure level.

Figure 1.4 from Popper et al. (2003) illustrates that hearing specialists detect sound pressure, with the
lowest thresholds between 50 and 75 dB re 1 pPa and in the frequency range between about 100 and 2,000
Hz. Pressure sensitivity generally declines at frequencies below 200-300 Hz and above 400-1,000 Hz. The
most sensitive hearing (teleost fish) specialists have approximately the same sensitivity as the most
sensitive mammals and birds (Popper et al., 2003, citing examples in Fay, 1988), when signal level at
threshold is specified in units of acoustic intensity. The nonspecialists (including sharks) shown in Figure
1.4 (i.e., thin lines) generally hear best below 500 Hz.

Some teleost species can detect infrasound (sounds below 20 Hz). Studies have shown that a number of
species are able to detect sounds substantially below 50 Hz in the infrasonic range (Popper et al., 2003,
citing, e.g., Sand and Karlsen, 1986).

Juvenile salmonids display strong avoidance reactions to infrasound (Popper et al., 2003, citing Knudsen et
al., 1992, 1997), and it is reasonable to suggest that such behavior has evolved as a protection against
predators. Infrasound has been used as an effective acoustic barrier for downstream migrating Atlantic
salmon (Salmo salar) smolts (Popper et al., 2003, citing Knudsen et al., 1994). It has recently been shown
that downstream migrating European silver eels (Anguilla anguilla) are deflected by intense infrasound
fields (Popper et al., 2003, citing Sand et al., 2000).

The acute sensitivity of at least some species of fishes to infrasound, or linear acceleration, may
theoretically provide the animals with a wide range of information about the environment (e.g., detection of
moving objects in the environment; courtship; predator-prey interactions).

Recent behavioral investigations demonstrated that American shad (Alosa sapidissima) are able to detect
high-intensity sounds from below 100 Hz to over 180 kHz, while goldfish, used as controls, were
insensitive to ultrasound (Popper et al., 2003, citing Mann et al., 1997, 1998, 2001; Popper, 2000). The
hearing range of the American shad overlaps with the range of echolocation sounds used by dolphins, a
major shad predator.

There probably is no other sensory system as specialized for sensory processing in the aquatic environment
as the lateral line system (Coombs and Braun, 2003). It is a water-current detector found exclusively in
aquatic fish and some amphibians. By its very nature, the lateral line system is generally a close-range
system, capable of detecting current-generating sources (e.g., nearby swimming fishes) no more than one or
two body lengths away. The lateral line system also can detect ambient water motions, such as those in a
stream or ocean current, as well as distortions in ambient or self-generated motions due to the presence of
stationary objects, such as rocks or boulders. As such, the lateral line system is believed to influence a
number of different behaviors, including schooling, prey capture, courtship and spawning, and rheotaxis.
In a more general sense, the lateral line system undoubtedly also is used to form hydrodynamic images of
the environment, enabling fishes to determine the size, shape, identity, and location of both animate and
inanimate entities in their immediate vicinity.
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It has generally been well appreciated that courtship and mating behaviors rely on multisensory
information, particularly olfaction, vision, and hearing (Coombs and Braun, 2003). It also has been well
known that fishes often incorporate courtship dances and vibratory motions in their mating and spawning
rituals (Coombs and Braun, 2003, citing Tinbergen, 1951), yet the water motions created by these
vibrations and movements have not received much attention as an information channel served by the lateral
line system in coordinating reproduction (Coombs and Braun, 2003, citing Sargent et al., 1998). Satou and
coworkers provided the first demonstration that vibratory motions are part of an information channel used
to coordinate spawning in salmon (Coombs and Braun, 2003, citing Satou, 1987; Satou et al., 1987, 1991),
and that this information channel is served by the lateral line system (Coombs and Braun, 2003, citing
Sartou et al., 1997b). Further, successful coordination of spawning behaviors requires both visual and
lateral line inputs (Coombs and Braun, 2003, citing Takeuchi et al., 1987; Satou et al., 1994a). These
studies are the first to implicate the lateral line in communicative behaviors, but it is likely that this is a
taxonomically more widespread function of the lateral line system and deserves further study.

Evidence suggests that the lateral line serves as a pressure gradient and particle motion sensor enabling
schooling fish to mediate their proximity and velocity within the body of their school (Stocker, 2002, citing
Cahn, 1970; Partridge and Pitcher, 1980). Stocker (2002) suggests that a school of fish could be modeled
as a low frequency oscillating body that the individual fish synchronize to. This view is supported by the
visual presentation of fish schools in sunlight that sometimes appear to “flash” simultaneously as they
respond to disturbances. This is substantiated also by evidence that when startled by airgun noise,
schooling fish fall out of rank and take time to reassemble (Stocker, 2002, citing McCauley et al., 2000).
The startle response involves establishing a tighter grouping, so the observed response is not believed a
scatter response. The interruption or startle response observed in the airgun study might indicate that the
hearing of individual fishes is momentarily compromised, or the pressure-gradient field of the school is
disturbed sufficiently to lose its integrity and then takes time to reestablish, or perhaps some combination of
both.

Squid have demonstrated responses to sound (Stocker, 2002). This may have something to do with their
schooling nature that requires synchronization with the school, and predator-aversion perception akin to

that of schooling fishes (Stocker, 2002). Research on squid audition currently is scant. From the studies
performed to date, we know that squid are adapted to particle- and pressure-gradient acoustic energy.

While researchers noticed a predictable startle response at 174 dB (i.e., firing of ink sacks and avoidance
behavior) from instantaneous impact noise, a ramped noise indicated a response threshold of 156 dB in a
noticeable increase in alarm behavior-increase in swimming speed, and presumably shifts in metabolic
rates (Stocker, 2002, citing McCauley et al., 2000). Squid response to ramped noise also includes their
rising toward the surface where an acoustical shadow of 12 dB was observed. This indicates an annoyance
sensitivity of perhaps 144 dB (Stocker, 2002).

Cuttlefish and squid respond to water movements as low as 0.06 micrometers (Hanlon and Sashar, 2003,
citing Budelmann and Bleckmann 1988), which is equivalent to the threshold of the hair cells in fish lateral
lines (Hanlon and Sashar, 2003, citing Bleckmann et al., 1991). Biologically, this sensitivity means that
cuttlefishes and squid are able to detect a moving fish of 1 m (1 yard [yd]) in body length from a distance
of about 30 m (33 yd) (Hanlon and Sashar, 2003, citing Budelmann, 1994). It has been suggested that
juvenile cuttlefishes used the lateral line to capture shrimp in total darkness, and it is conceivable that
schooling squid might use the lateral line to maintain school structure (Hanlon and Sashar, 2003, citing
Budelmann et al., 1991).

Low-frequency hearing was demonstrated (Hanlon and Sashar, 2003, citing Packard et al., 1990) using
classical conditioning to show that cuttlefishes, squid, and octopus respond behaviorally to frequencies of
about 1-100 Hz. They did not test higher frequencies, so additional research is need on this subject. It is
surmised that the statocyst organ may be the likeliest organ to sense these frequencies by detecting the
particle motion rather than sound pressure (Hanlon and Sashar, 2003, citing Packard et al., 1990).
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111.F.1.i(2). Potential Impacts from Airgun Acoustic Emissions. A significant impact (as defined in
Section IL.E) to a fish/fishery resource or essential fish habitat is an adverse impact that results in a decline
of abundance and/or change in distribution requiring three or more generations (or having an impact lasting
10 or more years) for the indicated population to recover to its former status and one or more generations
for rare fish resources. “Rare species” are regarded as those having low abundance and/or small ranges
(Gaston, 1994). Their categorization of “rare” is not related to or indicative of any similar definitions used
under the Endangered Species Act. Rather, the term “rare” used in this specific assessment simply refers to
their low numbers or patchy distribution when compared with other more common or widespread fish
species in the Proposed Action area. For example, restricted distribution of “rare” species may be due to
habitat availability and preferences, extralimital occurrences of individuals of this species or even survey
shortcomings but the overall population status of this species remains stable and sufficient.

Anthropogenic noise in the marine environment is an issue of growing concern within the last 2 decades; as
such, there are numerous reviews on effects associated with anthropogenic noise; mostly concerning
marine mammals and less so concerning fish and invertebrates. Some relevant literature concerning
anthropogenic noise and potential impacts on fish and invertebrates include: Banner and Hyatt, 1973;
Blaxter, Gray, and Denton, 1981; Blaxter and Hoss, 1981; Hastings et al., 1996; Scholik and Yan, 2001;
Popper, Webb, and Fay, 2002; Popper, 2003b; Stocker, 2002; Smith, Kane, and Popper, 2004a,b; Hastings
and Popper, 2005; Wahlberg and Westerberg, 2005, and are incorporated by reference. Literature reviewed
pertaining to seismic surveys and potential impacts on fish and invertebrates include Kostyuchenko, 1973;
Dalen and Knutsen, 1987; Pearson, Skalski, and Malme, 1992; Pearson et al., 1994; Turnpenny and
Nedwell, 1994; Wardle et al., 2001; Hassel et al., 2003, 2004; McCauley et al., 2000; McCauley, Fewtrell,
and Popper, 2003; Canadian Department of Fisheries and Oceans (CDFO), 2004a,b; Popper et al., 2005,
and are incorporated by reference. Details concerning airguns and their emissions relative to the acoustic
environment are described in Sections II.A.4. and I1I.C.

A summary of a review of this and additional literature provides the following information regarding
potential impacts to marine fishes and invertebrates from seismic survey activity:

e In general, marine fish likely can hear airgun sounds with seismic airgun emissions, especially for
hearing generalists (e.g., flatfish) and specialists (e.g., herring). The frequency spectra of seismic
survey devices cover the range of frequencies detected by most fish (Pearson, Skalski, and Malme,
1992; Platt and Popper, 1981; Hawkins, 1981). Marine fish are likely to detect airgun emissions
nearly 2.7-63 km (1.6-39 mi) from their source, depending on water depth (Pearson, Skalski, and
Malme, 1992). Fish responses to seismic sources are species specific (Pearson, Skalski, and
Malme, 1992).

e Seismic-survey acoustic-energy sources may damage or kill eggs, larvae, and fry of some fishes
occurring in close proximity to an airgun, but the harm is generally limited to within 5 m from the
airgun and greatest within 1 m of the airgun (e.g., Kostyuchenko, 1973; Dalen and Knutsen, 1987;
Holliday et al., 1986; Turnpenny and Nedwell, 1994). The magnitude of lethal and sublethal
impacts to ichthyoplankton depend largely on the current patterns of ichthyoplankton distribution
and densities and oceanographic conditions, in addition to the frequency by which an airgun array
passes through patches of ichthyoplankton of varying densities.

e  Airguns are unlikely to cause immediate deaths of adult and juvenile marine fishes. Sound
sources that have resulted in documented physiological damage and mortality of adult, juvenile,
and larval fish have all been at or above 180 dB re 1 pPa (Turnpenny and Nedwell, 1994).

e  The likelihood of physical damage is related to the characteristics of the sound wave, the species
involved, lifestage, distance from the airgun array, configuration of array, and the environmental
conditions.

e Damage from seismic emissions may develop slowly after exposure (Hastings et al., 1996). Table
1 of Turnpenny and Nedwell (1994) lists observed injuries (for fishes: adult, juvenile, larvae, and
eggs) caused by exposure to high-level sound sources.

e Behavioral changes to marine fish and invertebrates from seismic survey activity have been noted
in several studies (e.g., Dalen and Knusten, 1987; McCauley et al., 2000; McCauley, Fewtrell, and
Popper, 2003; Pearson, Skalski, and Malme, 1992), including: balance problems (but recovery

PEA-55



within minutes), disoriented swimming behavior, increased swimming speed, tightening schools,
displacement, interruption of important biological behaviors (e.g., feeding, mating), shifts in the
vertical distribution (either up or down), and occurrence of alarm and startle responses (generally
around 180 dB re 1 pPa and above).

e  Thresholds for typical behavioral effects to fish from airgun sources occur within the 160-dB to
200-dB range (Turnpenny and Nedwell (1994). Seismic operations likely will cause behavioral
reactions in squid (e.g., inking or startle responses) at thresholds between 161-166 dB re 1 pPa
(McCauley et al., 2000).

e Two studies demonstrated that some pelagic or nomadic fishes leave the survey area during
seismic surveys. The fish distribution in the area did not return to presurvey levels during the 5
days after shooting had ceased. It is likely that fish behavior returns to normal at the cessation of
seismic shooting, but the repopulation of the area is reliant upon a diffusionlike process (Table
II1.F.3) (Engas et al., 1996, 1993; Lokkeborg and Soldal, 1993). Other studies indicated the
affected area may extend to 33 km from a survey operated in waters 50-300 m in depth, but this
depends largely on the uncertain acoustic sensitivities of various arctic fish species. Some pelagic
or nomadic fishes are expected to descend into the ensonified area, where they are likely to
experience higher levels of airgun noise. Some sedentary, demersal fishes living near the bottom
are likely to retreat to the bottom and remain in the survey area where they may be exposed to
additional airgun emissions and experience sublethal effects (e.g., auditory impacts).

e  Effects of seismic operation on snow crabs found that surveys did not cause any acute or midterm
mortality of crabs, embryos and locomotion of the resulting larvae after hatch were unaffected and
gills, antennules, and statocysts (balance organs) were soiled but found to be completely cleaned
of sediment when sampled 5 months later (CDFO, 2004a,b).

The Canadian Department of Fisheries and Oceans reviewed scientific information on impacts of seismic
sound on fish and concluded that exposure to seismic sound is considered unlikely to result in direct fish or
invertebrate mortality (CDFO, 2004c). Other pertinent findings of this report include:

e Field experiments on fish and invertebrates are lacking and make it difficult to evaluate the impact
of a particular type of seismic sound, or more generally noise, on a particular species. No research
has been undertaken to study disruption of communication, detection of predators/prey, navigation
and other functionally uses of sound by fish.

e There are no documented cases of fish or invertebrate mortality (as related to older life-history
stages and not to eggs and larval lifestages) on exposure to seismic sound under field-operating
conditions.

e  Under experimental conditions, sublethal and/or physiological effects, including effects on
hearing, have sometimes been observed in fish exposed to an airgun [emissions]. Currently,
information is inadequate to evaluate the likelihood of sublethal or physiological effects under
field-operating conditions. The ecological significance of sublethal or physiological effects, were
they to occur, could range from trivial to important depending on their nature.

e Behavioral impacts to fish exposed to seismic sound are expected to be short term, with duration
of effect less than or equal to the duration of exposure; to vary between species and individuals;
and to be dependant on properties of received sound. The ecological significance of such effects
is expected to be low, except where they influence reproductive activity.

e The ecological significance of behavioral effects may be greater when influencing reproductive or
growth (molting) activities or leading to a dispersion of spawning aggregations or deflection from
migration paths. The magnitude of effect in these cases will depend on the biology of the species
and the extent of the dispersion or deflection.

e In general, the magnitude of mortality of eggs or larvae that models predict could result from
exposure to seismic sound would be far below what would be expected to affect populations.
Special life-history characteristics such as extreme patchiness in distribution and timing of key
life-history events in relation to the duration and coverage of seismic surveys may require case-by-
case assessment.
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e “Ramp up,” which is a gradual increase in decibel level as the seismic activities begin, can
mitigate some adverse impacts to fish capable of detecting the noise and dispersing from disturbed
areas before harm occurs.

I11.F.1.i(2)(a) Mortality and Physiological Damage. Overall, the available scientific and management
literature suggests that mortality of juvenile and adult fish, the age-classes most relevant to future
reproductive fitness and growth, would not likely result from seismic survey activity. Sound sources that
have resulted in documented physiological damage and mortality of adult, juvenile, and larval fish have all
been at or above 180 dB re 1 pPa (Turnpenny and Nedwell, 1994). Damage to hearing and tissues may
occur to these age-classes if the animals are in close proximity to the seismic source (i.e., within 5 m);
damage may not be reversed and apparent injuries to tissues involved with hearing may not develop
immediately. Fishes with impaired hearing may have reduced fitness, potentially making them vulnerable
to predators, possibly unable to locate prey or mates, sense their acoustic environment or, in the case of
vocal fishes, unable to communicate with other fishes. Given that this most likely would occur to fish
within very close proximity to the sound source and that mitigation measures in Section IV include a ramp-
up requirement to provide fish with an opportunity to move away from the source (LGL, 2003), MMS
anticipates any injury to adult and juvenile fish to be limited to a small number of animals.

I11.F.1.i(2)(b) Impacts to Behavior. The most likely impacts to marine fish and invertebrates from seismic
activity would be behavioral disruptions. Behavioral impacts are most likely to occur in the 160-dB to 200-
dB range (Turnpenny and Nedwell, 1994). Seismic surveys using airguns may disturb and displace fishes
and interrupt feeding, mating, or other behaviors, including: (1) shifts in the vertical (either up or down) or
horizontal distribution (i.e., avoidance and displacement); (2) shifts in behavior (e.g., swimming direction
or speed, changes in school formation and integrity, stunning, migration); and (3) the occurrence of alarm
and startle responses (generally around 180 dB re 1 pPa and above). Specific responses are expected to be
species specific. Displacement also may be relative to the biology and ecology of species involved.
Available studies have indicated that these reactions are likely to be short-term in nature. Although
repeated, short-term disturbances can result in long-term impacts, the activity under the Proposed Action is
limited to the 2006 open-water season and the timeframe, therefore, is limited in scope.

Fish distribution and feeding behavior can be affected by the sound emitted from airguns and airgun arrays
(Turnpenny and Nedwell, 1994). Pelagic fish catch rates and local abundance were reduced within 33 km
of the airgun array for at least 5 days after shooting (Engés et al., 1993, 1996). There is no conclusive
evidence for long-term or permanent horizontal displacement, and vertical displacement may be the short-
term behavioral response (Slotte et al., 2003), It is likely in such a situation that fish behavior returns to
normal at the cessation of seismic shooting but that the repopulation of the denuded area is reliant upon a
diffusion-like process (Turnpenny and Nedwell, 1994). The persistence of behavioral effects has not been
studied adequately (Turnpenny and Nedwell, 1994)..

Seismic surveys potentially may disrupt feeding activity and displace diadromous and marine fishes (i.e.,
capelin, arctic cisco, and the whitefishes) from critical summer feeding areas along the Chukchi and
Beaufort coasts. Summer is a period of intensive feeding activity in coastal waters. Feeding activity in
capelin, for example, is highly seasonal. Feeding intensity increases in the prespawning season in late
winter and early spring, but it declines with the onset of spawning migration. Feeding ceases altogether
during spawning season. Survivors of spawning resume feeding several weeks postspawning and proceed
at high intensity until early winter, when it ceases. Seismic surveys whose airgun emissions ensonify
feeding areas where capelin forage preceding spawning migration may stimulate capelin to disperse to
poorer foraging areas. An impact on prey consumption could limit available energy reserves for migration
and spawning activity. It also may result in greater spawning mortality, thereby decreasing the parental
cohorts’ ability to spawn again the following year. If seismic surveys disturbed foraging capelin post-
spawning, they potentially could deflect and displace to poorer foraging areas, which could adversely
impact their survival into and over winter. Capelin whose foraging activity is adversely limited both pre-
and postspawning are not likely to survive over the winter to spawn again the following year. While we
cannot say with certainty the impacts of seismic surveys on fish feeding behavior, there is no present
evidence that the behavioral impact of seismic surveys has a major effect on fish feeding, except perhaps in
the immediate vicinity of an active survey vessel.
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I1.F.1.i(2(c) Impacts to Migration, Spawning and Hatchling Survival. Most important to this issue are
behavioral reactions that could result in disruption of migratory pathways or diminishing the availability of
fish resources for subsistence resources (e.g., through fish abandoning important fishing grounds). For
coastwise migratory fish species, acoustic disturbance may displace and disrupt important migratory
patterns, habitat use, and life-history behaviors. The populations of many species move from one habitat to
another and back again repeatedly during their life (Begon, Harper, and Townsend, 1990). The time-scale
involved may be hours, days, months, or years. Many migrations ensure that during its life an individual
passes backwards and forwards from one type of environment to another. The patches of the environment
in which resources are available change with the changing seasons, and populations move from one type of
patch in the environment to another. Migrations tend to ensure that animals always forage where foraging
conditions are best; the animals move seasonally and escape the major changes in food supply and climate
that they would meet if they stayed always in one area. Long-distance migrations, in virtually every case,
seem to involve transit between areas where both supply abundant food but only for a limited period. They
are areas in which seasons of comparative glut and famine alternate and which cannot support large
resident populations year-round. Lifecycles tend also to be synchronized in time, so that the time of
migration aggregates individuals at a precise season. Essentially, each organism is individually associated
with a suitable habitat, and a population aggregated in this habitat is the consequence.

For wide-ranging, migratory fish species, disturbance and displacement may disrupt important migratory
and life-history behaviors and patterns or habitat areas. Seismic surveys (2D/3D marine streamer or ocean-
bottom-cable [OBC] surveys) conducted in Federal waters close to State waters, where many fishes migrate
through to spawning sites along the coast or in anadromous streams of the Arctic, may disrupt or impede
their migrations as fishes attempt to avoid airgun emissions. In addition, conducting more than one seismic
operation simultaneously may influence the distribution of some juvenile and adult fishes, inadvertently
herding them away from suitable habitat areas (e.g., nurseries, foraging, mating, spawning, migratory
corridors) and concentrating many fishes in areas of unsuitable use. Neither of these scenarios is likely to
occur in 2006.

We are aware of no studies investigating the impacts of seismic disturbance on spawning behavior. We
offer the following as possible scenarios. Migratory delays of fishes returning to spawn may translate into
adverse impacts on spawning activity and/or the survival of offspring, because the timing of the spawning
is evolutionarily conditioned to coincide with environmental conditions favorable to maximize the survival
of offspring and later life-history stages. This is particularly so for Pacific herring, capelin, Pacific salmon
(chiefly pinks and chums), arctic cisco, least cisco, broad whitefish, and Pacific sand lance. Of these
species, Pacific herring and arctic cod are hearing specialists and may be the most acoustically sensitive
species occurring in the planning areas. In addition, these coastwise migratory fishes (e.g., Pacific herring,
capelin, Pacific salmon, whitefishes, and Pacific sand lance) are important prey to other marine fishes,
seabirds, marine mammals, and subsistence fishers.

The OBC surveys in shallow and very shallow waters may pose somewhat different potential barriers to
coastwise migrating fishes than do marine streamer seimic surveys. An OBC seismic survey typically
covers a smaller area (approximately 16 by 32 km [10 by 20 mi]) and may spend days in an area. While
transmission loss is greater in waters that OBC surveys are conducted, survey activity persisting in a
specific area for days likely poses longer temporal barrier to coastwise migrations. The 3D/2D streamer
seismic surveys may cover a much larger area (thousands of square miles) and only stay in a particular area
for hours, thereby posing somewhat transient disturbances, typically employing an offset racetrack pattern.
Such operations have the potential to not permit migratory fishes to pass once the airgun arrays move
seaward to the backside of an offset racetrack pattern, because the zone of influence still persists close to
the coast. It is uncertain in what context or to what extent coastwise migrating fishes might deflect from a
seismic survey operation.

Migratory species more at risk of spawning delays include Pacific herring, capelin, Pacific salmon (chiefly
pinks and chums), arctic cisco, least cisco, broad whitefish, and Pacific sand lance. Pacific herring and
arctic cod are hearing specialists and are most likely the most acoustically sensitive species occurring in the
planning areas. They are therefore the most likely to exhibit displacement and avoidance behaviors of the
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arctic fishes occurring in the planning areas. Pacific salmon and the whitefish are
anadromous/amphidromous species that spawn in freshwater habitats of the Arctic coast. Pacific herring,
capelin, and Pacific sand lance spawn on beaches or in nearshore waters.

Arctic cisco are an important subsistence resource to the coastal villages along the northeastern
Chukchi and Beaufort seas. Arctic cisco found in the Alaskan Beaufort Sea are believed to originate
from spawning grounds in the Mackenzie River system of Canada (Gallaway and Fechhelm, 2000). In
spring, newly hatched young-of-the-year (age 0) are flushed downriver into ice-free coastal waters
adjacent to the Mackenzie Delta. Some young-of-the-year are transported westward to Alaska by
wind-driven coastal currents. In summers with strong and persistent east winds, enhanced westward
transport can carry fish to Alaska’s Colville River until the onset of sexual maturity beginning at about
age 7, at which point they migrate back to the Mackenzie River to spawn. The Sagavanirktok River,
100 km east of the Colville River, contains far less overwintering habitat than the Colville system, but
appears capable of supporting newly recruited, young-of-the-year fish for several years. These
juveniles eventually disappear from the Sagavanirktok system, typically by age 3. Although their fate
is unknown, some fish probably survive by finding their way to the Colville River. Summers of
strong, persistent east winds are associated with strong year-classes in the Colville/Sagavanirktok
region. In contrast, few young-of-the-year fish arrive in central Alaska in years of weak east winds
and correspondingly poor westward transport. The Alaskan arctic cisco population is, thus,
characterized by strong and weak year-classes, the patterns of which are determined largely by summer
wind patterns. More information concerning arctic cisco is described in Appendix B.

As a general rule, if there is no recruitment of young-of-the-year to the Colville/Sagavanirktok region,
there is no appreciable recruitment of that year class (i.e., age cohort) in following summers (Gallaway
and Fechhelm, 2000). If young-of-the-year fish are not transported far enough west in their first
summer to overwinter in the Colville or Sagavanirktok rivers, they are forced to overwinter in
mountain streams (to the east), where relatively few may survive. Seismic surveys conducted in the
migratory corridor of young-of-the-year Arctic cisco may adversely effect recruitment to the
Colville/Sagavanirktok region as wind-advected young-of-the-year may experience direct effects (e.g.,
physical harm; behavioral responses such as displacement as possible) and indirect effects (e.g.,
increased predation, displacement from suitable habitat to less suitable habitat that include less suitable
overwintering areas).

Migratory delays of fishes returning to spawn may translate into adverse impacts on spawning activity. For
example, capelin spawn on beaches or in deeper water and are highly specific with regard to spawning
conditions. Capelins generally prefer smooth sand and gravel beaches for spawning. At spawning
grounds, capelin are segregated into schools of different sexes. The general pattern seems to be that ripe
males await opportunities to spawn near the beaches, while large schools, mainly composed of relatively
inactive females, remain for several weeks off the beaches in slightly deeper water (i.c., staging area). As
these females ripen, individuals proceed to the beaches to spawn. Thus, most males remain in attendance
near the beaches and join successive small groups of females that spawn and depart from the area. Airgun
emissions from surveys conducted in Federal waters adjacent to capelin spawning grounds may ensonify
capelin staging and spawning areas. Aggregations of ripe males, ripe females, or both, may be sufficiently
disturbed so as to depart staging areas or spawning areas for the duration of the survey, thereby potentially
delaying spawning activity.

Migratory delays of fishes returning to spawn may translate into adverse impacts on the survival of new
offspring. Migration and spawning among many fishes is evolutionarily tuned to coincide with
environmental conditions favorable to maximize the survival of offspring. While many populations exhibit
some ecological plasticity to accommodate environmental variability, arctic fish populations may not be so
plastic. Arctic fish are subjected to abbreviated summers and long winters that greatly may limit their
ability to ecologically respond to spawning delays. Such constraints may be most evident in and important
to coastwise migratory fishes returning to spawn in the Mackenzie River or in other Canadian waters, as
these fishes must travel farther to spawn than those fishes spawning in Alaskan waters. Spawning delays
for Alaskan or Canadian parent stocks may translate into delayed hatching of eggs that subsequently
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translate to premature exposure of eggs to winter conditions, which may increases the mortality of all or
some of the new cohort due to freezing.

Spawning delays may translate into multiple cascading adverse impacts to new cohorts. Behavioral
strategies of each lifestage are evolutionarily timed to coincide with environmental conditions favoring
survival to the next lifestage. Late spawning leading to late egg hatching leading to late larval development
introduces temporal fractures in evolutionarily tested behavioral strategies that may adversely influence
ecological food webs. Such temporal fractures may disrupt favorable environmental conditions for larval
fish survival and recruitment to the greater population. For example, the timing of juvenile development
typically coincides with the availability of suitable prey both spatially and temporally. Larvae or fry whose
development is delayed may no longer have access to suitable prey, because their suitable prey may have
moved to different areas as part of their life cycle or are no longer of suitable size for consumption by the
young fish.

As one example, near Point Barrow, Bendock (1977) only captured capelin during a 2-week period in mid-
August when spawning took place within the surf along exposed gravel beaches. Capelin eggs are
demersal and attach to gravel on the beach or on the sea bottom. The incubation period varies with
temperature, and hatching has been demonstrated to occur in about 55 days at 0 °C, 30 days at 5 °C, and 15
days at 10 °C. Newly hatched larvae soon assume a pelagic existence near the surface, where they remain
until winter cooling sets in, when they move closer to the sea bottom until waters warm again in spring.
Delays to capelin spawning in mid-August by a week or more may result in the delayed hatching of eggs as
environmental conditions begin cooling in early September. Assuming that capelin eggs hatch before
landfast ice begins to form on beaches (they may not, depending on migratory delay length and
temperatures during the incubation period), young capelin assume a pelagic existence near the surface,
presumably feeding on zooplankton, until winter cooling set in. In the Beaufort Sea, the growth rates of
planktonic and epontic organisms are relatively rapid, and the generation lengths are relatively short. For
example, the body weight doubled every 2 weeks among immature stages of the common mysid, Mysis
litoralis, during summer 1977-1978 field studies in Simpson Lagoon, and the generation length was 1-2
years (USDOI, MMS, 2003a, citing Griffiths and Dillinger, 1980). The rapid growth rates also were
evident during formation of typical summer “blooms” during 1977 and 1978. Capelin caught in nearshore
waters of the northeastern Chukchi Sea consumed mysids, and presumably also do so in the Beaufort Sea.
Prey of suitable size (e.g., mysids) may no longer be available to young pelagic capelin to forage on.

Moreover, young fish may face predators otherwise not typically encountered. Picivorous fishes typically
are limited to consuming fishes smaller than their mouth gap. Therefore, younger fishes (i.e., smaller
fishes) may be preyed on more readily by larger fishes. For example, Beaufort Sea coastal waters appear to
be an important nursery area for age-0 capelin and other fishes throughout the summer. Late developing
capelin emigrating to coastal waters from beaches where they underwent delayed hatching may be more
suitable prey for older and larger piscivorous species, such as cod, haddock, salmon, and herring.

I1.F.1.i(2(d) Impacts from Vessel Noise. Engine-powered vessels may radiate considerable levels of noise
underwater. Diesel engines, generators, and propulsion motors contribute significantly to the low-
frequency spectrum. Much of the necessary machinery to drive and operate a ship produces vibration,
within the frequency range of 10 Hz to 1.5 kHz, with the consequence of radiation in the form of pressure
waves from the hull (Mitson and Knudsen, 2003). In addition to broadband propeller noise, there is a
phenomenon known as “singing,” where a discrete tone is produced by the propeller, usually due to
physical excitation of the trailing edges of the blades. This can result in very high tone levels within the
frequency range of fish hearing. The overall noise of a vessel may emanate from many machinery sources.
Pumps in particular often are significant producers of noise from vibration and, at higher frequencies, from
turbulent flow. Sharp angles and high flow rates in pipework also can cause cavitation, and even small
items of machinery might produce quite high levels of noise.

Mitson and Knudsen (2003) examined the causes and effects of fisheries research-vessel noise on fish
abundance estimation, and noted that avoidance behavior by a herring school was shown due to a noisy
vessel; by contrast, there is an example of no reaction of herring to a noise-reduced vessel. They note a
study wherein the FRV Johan Hjort was using a propeller shaft speed of 125 revolutions per minute, giving
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a radiated noise level sufficient to cause fish avoidance behavior at 560 m distance when traveling at 9
knots (kn), but it reduced to 355 m at 10 kn. Their Figure 5 shows that large changes in noise level occur
for a small change in speed. Their data also suggest abnormal fish activity continues for some time as the
vessel travels away from the recording buoy used in the study.

Vessel traffic associated with the seismic surveys, including the seismic survey vessels and accompanying
guard/chase boat or utility boat, are used chiefly during ice-free conditions (summer months). Vessel
traffic may disturb some fish resources and their habitat during operations. Pacific salmon and EFH in the
coastal and marine environment may be disturbed by vessel-traffic noise. However, vessel noise is
expected to be chiefly transient; fishes in the immediate vicinity of such vessels are believed likely to avoid
such noise perhaps by as much as several hundred meters. Vessel noise is likely to be of negligible impact
to fish/fishery resources and EFH.

I1.F.1.i(2)(e) Impacts from Anchor or Cable Deployment and Recovery. Anchoring by vessels is
sometimes a necessary practice that locally may disturb the seafloor. In anchoring a vessel or in weighing
anchor, fish resources may be crushed or injured during the practice. Anchors may not hold fast under
some conditions and drag across the seafloor, tearing up sessile organisms (e.g., sponges, corals, kelp) or
their habitats (e.g., boulders). Anchoring in fragile biocenoses, such as the Boulder Patch, any coral/sponge
gardens, or macroalgae gardens (e.g. kelp beds) likely would yield more damage to fish resources and
habitat than anchoring offshore in sand or mud biocenoses. The magnitude of damage would depend
chiefly on exactly where anchors were placed, whether an anchor drags, and what an anchor might drag
across.

Section I1.A.4 describes the physical layout and general operations of 3D/2D seismic surveys. Cables
deployed from seismic-survey vessels typically extend well beyond the vessel. These are towed several
meters below the sea surface and, if passed across fragile biocenoses (e.g., kelp beds or boulder patches),
may foul, hang up, and/or damage fragile biocenoses and the towed equipment. Vessels towing cable
streamers are restricted in their maneuverability, compounding their ability to avoid dragging cables across
fragile biocenoses in the survey area. Additionally, currents may influence the actual position of deployed
cables. Fouling, hangups, and/or damage is avoidable in most cases, given that any known fragile
biocenoses in shallow water are given a wide berth by vessel operators and any cables they deploy.

HLF.1.i(2)(f) Impacts from Fuel Spills. The MMS assumes that marine resources could be exposed to
accidentally spilled lubricating oil or diesel fuel from a vessel associated with seismic-survey operations or
by a leaking or torn streamer array under tow by a vessel. The liquid used to fill and provide streamer
buoyancy is usually liquid paraffin that is biodegradable and evaporates very quickly. The impacts on
fish/fishery resources and EFH from streamer array spills are regarded as negligible.

Eight refueling operations (one per marine seismic survey operation) are expected to occur during the 2006
seismic survey season. The MMS believes that the incidents involving the release of oil and fuel from
vessels during refueling would likely be small, on the order of <5 gallons (gal) per refueling event; in total,
approximately 40 gal (20 gal in the Chukchi Sea and 20 gal in the Beaufort Sea) of fuel might be spilled
during the 2006 seismic-survey season. Refueling operations in the Beaufort Sea likely would occur at
Prudhoe Bay’s West Dock facility, and refueling operations in the Chukchi Sea likely would occur at sea
with the use of fuel-supply vessels. Accidental spills associated with refueling operations are not likely to
occur in the same location at the same time. Each accidental spill of 5 gal or less likely would impact local
areas and adversely effect EFH and relatively few fish. Such small spills are ephemeral events and would
not likely result in chronic impacts to fish/fishery resources or EFH. Refueling operations at West Dock in
the Beaufort Sea are likely routine and the facility is assumed to be highly responsive to any fuel spills.
Refueling operations at sea in the Chukchi Sea are likely more tenuous than at West Dock in the Beaufort
Sea. An accidental spill offshore would likely be of low impact relative to a spill in coastal waters that
serve as important spawning, nursery, and feeding areas. The periodic accidental spills of approximately 5
gal during the eight refueling operations is not believed likely to result in a significant impact to fish/fishery
resources or EFH in either the Chukchi or Beaufort seas.
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I1.F.1.i(2)(g) Impacts to Commercial Fisheries. The majority of fisheries conducted in the Alaskan
portions of the Chukchi and Beaufort seas are of a subsistence nature and are conducted close to shore. A
State-managed commercial fishery for salmon operates in Kotzebue Sound well to the south of the Chukchi
Sea Planning Area. The salmon fishery is relative small (40-43 permits of an allowance of 180 possible
permits) and occurs in coastal waters. Also, a very small (3-4 vessel) commercial snow crab fishery
operates in Federal waters; however, it is believed that the fishery for snow crab takes place well south of
Point Hope and outside of the Chukchi Sea Planning Area. Because these fisheries operate well to the
south of the Chukchi Sea Planning Area, we do not anticipate adverse impacts from seismic surveys on
these commercial fisheries.

In the Alaskan Beaufort Sea, a small, under-ice commercial fishery is operated by the Helmericks family in
the Colville River Delta from early October through late November. Seismic surveys are not anticipated to
occur in the Beaufort Sea Planning Area when ice is forming in coastal waters and, therefore, are not
expected to adversely impact the Colville River under-ice commercial fishery.

The differences between Alternatives 3-6 are inconsequential to this assessment of commercial fisheries.
Adverse impacts to the noted commercial fisheries in the region are not expected, provided that seismic
vessels brought into the Chukchi and Beaufort seas planning areas do not introduce aquatic invasive
species, which would have the potential to significantly impact fishery resources and commercial fisheries.
The seismic vessels are subject to U.S. Coast Guard regulations to prevent the introduction of aquatic
invasive species.

I1.F.1.i(2)(h) Impacts from Coincidental Multiple Seismic Surveys. Given the limited evidence of
avoidance and displacement from survey areas, the interaction of coincident multiple surveys may
influence the distribution of some juvenile and adult fishes, inadvertently herding them away from suitable
habitat areas (e.g., nurseries, foraging, mating, spawning, migratory corridors, access to overwintering
sites) and concentrating many fishes in areas of unsuitable use. Such areas may not include suitable prey
species or in densities to support the concentrated fishes. Displacement may also expose them to more
predation than naturally experienced.

For example, seasonal abundance of Arctic cisco in Beaufort Sea coastal waters is a function of the
fishes’ foraging range during the open-water season (Gallaway and Fechhelm, 2000). Summer studies
conducted along the coast (between the Mackenzie and Colville rivers) report collecting substantial
numbers of large cisco. This coastwide distribution implies extensive dispersal from overwintering
grounds. The ability to traverse large distances along the coast also is consistent with the premise that
adults from the Colville River eventually migrate more than 600 km back to the Mackenzie River to
spawn. The summer coastal dispersal of juvenile Arctic cisco is more localized around their
overwintering drainages, perhaps because juveniles are too small to range as far as adults. Multiple
seismic surveys that adversely influence the summer feeding habitat and migratory corridors used by
Arctic cisco may displace fish to unsuitable habitat that leads to increased competition for prey as
available, herd juvenile Arctic cisco afar from localized and preferred habitat; impede access to
suitable overwintering sites, each thereby decreasing winter survival. One or more seismic surveys in
the migratory corridor between the Colville and the Mackenzie rivers may delay the spawning
migration of adult Arctic cisco to spawning grounds in the Mackenzie River. All serve to adversely
affect recruitment within the population. However, multiple surveys in the migratory corridor are not
expected to occur in 2006.

Surveys may facilitate the stranding of some schooling or aggregated arctic fishes onto coastal or insular
beaches in the planning areas. Such strandings may be more likely if multiple surveys were to spatially
“box in” fishes along the shoreline and, thus, limit their avenues of retreat to less ensonified waters. As an
example, let’s consider arctic cod.

(1) Schools of arctic cod occurring in the western Arctic generally tend to be found in bays
and inlets, where they pool in deep basins (e.g., Craig et al., 1982; Welch, Crawford, and
Hop, 1993). When occurring on open coastlines or off points, they move along the shore
in shallow water and end up in bays (e.g., Craig et al., 1982; Welch, Crawford, and Hop,
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1993). Arctic cod appear to behave similarly in other areas (Welch, Crawford, and Hop,
1993).

Under certain circumstances, it appears that arctic cod are susceptible to massive
mortalities that have been observed at widespread locations in the Arctic (Craig et al.,
1982). Mass strandings also have been observed after severe storms in Alaskan waters
(Craig et al., 1982) and Russian waters (Hop, Welch, and Crawford, 1997, citing
Shibanoff, 1958; Moskalenko, 1964). Typically in autumn or winter when the fish have
moved close to shore, large numbers of dead arctic cod have been found stranded on
beaches (Craig et al., 1982). At Cape Lisburne, an estimated 19, 000 arctic cod were
observed along a 3.2-km length of the beach after a large August storm in 1978 (Craig et
al., 1982). MacGinite (1955, as cited by Craig et al., 1982) noted large numbers of cod
washing ashore during storms at Point Barrow. Schools of arctic cod also probably often
are induced by predators (e.g., beluga whale and narwhal to mass strand on arctic beaches
as predators forced fish into shallow water (Welch, Crawford, and Hop, 1993). It is
unknown whether the physical chase by marine mammals causes the fish to strand in
mass or whether fish strand because they detected and are herded by the acoustic signals
given off by the marine mammals. The latter hypothesis appears more plausible, given
that mass strandings associated with a physical chase likely would be very concentrated
at the shoreline. The use of sound by marine mammals to herd cod conceivably would
influence a larger area and more fish without expending the energetics necessary to
physically herd and chase fish to strand ashore. Once cod schools are stranded, they may
be preyed on by seabirds.

Researchers have suggested that sound is an important orientation or communication
stimulus to arctic cod. Atlantic cod (Gadus morhua; of the same genus as arctic cod) is a
known hearing specialist and sensitive to frequencies ranging from approximately 20-140
Hz (Popper et al., 2003:Figure 1.4)—all well within the range of airgun emissions.
Recall that hearing specialists hear with greater sensitivity and over a wider frequency
range than hearing nonspecialists. For most sound sources (vibrating bodies) and under
many environmental conditions, specialists will be able to detect the sound at lower
source levels of motion or energy, at greater distances, and at higher frequencies than
nonspecialists.

Seismic surveys using airguns have been shown to disturb and displace Atlantic cod,
causing them to leave the survey area during seismic surveys (Table III.F.3). Areas
apparently affected extended up to 33 km from the survey.

As multiple seismic surveys work the Chukchi Sea and Beaufort Sea Planning Areas,
they individually and synergistically may herd arctic cod around the planning areas.
Noise from natural acoustic sources (e.g., ice, cetaceans) also may interact with airgun
emissions to influence deflection and displacement of cod. Theoretically, seismic
surveys operating near the coast may cause arctic cod to concentrate in small, coastal
areas (e.g., bays) and may directly or indirectly cause schools of arctic cod to strand on
coastal or insular beaches. While this stranding effect has not been observed in the past,
during which hundreds of thousands of miles of seismic data have been collected, it has
not been specifically monitored either. To address the possibility of this behavioral
response, we have a mitigation that require separation of seismic operations.

I11.F.1.i(3) Potential Impacts to Essential Fish Habitat. Airgun emissions from seismic surveys
conducted in the Chukchi/Beaufort seas planning areas may ensonify and adversely affect Pacific salmon
essential fish habitat (EFH). Seismic airgun emissions also extend into infrasound (sound below 20 Hz)
levels (as low as 10 Hz; see Sections II.A.4 and III.C). Juvenile salmonids display strong avoidance
reactions to infrasound, and infrasound has been used as an effective acoustic barrier for downstream
migrating Atlantic salmon (Salmo salar) smolts. Therefore, airgun emissions may act to deflect and
displace Pacific salmon fry from nursery habitat in coastal waters of the planning areas, or to herd salmon
around in offshore waters. As in the capelin and arctic cisco examples, deflection and displacement from
suitable nursery and foraging habitat may adversely affect the survival of juvenile Pacific salmon and their
recruitment to a breeding cohort.
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Other direct and indirect impacts that may occur to Pacific salmon or their EFH include acoustic and/or
vestibular harm, herding, migratory delays and cascading impacts, disruption and displacement from
feeding areas, and strandings. Impacts are variable and context specific; therefore, the exact magnitude of
impacts is undeterminable because of the large uncertainties as to the distribution, abundance, densities,
habitat areas and uses, migratory patterns, and population trends of Pacific salmon in these areas. Pacific
salmon are relatively rare because of very low population numbers evidently in the region. Adverse
impacts such as displacement of Pacific salmon fry from nursery habitat areas in coastal waters of the
planning areas may make them more vulnerable to predation by other fishes occurring in higher
concentrations as a result of displacement from their preferred habitat. As Pacific salmon have very low
population numbers in the Chukchi and Beaufort seas, effects other than those that are very local or
temporary may have local population-level implications.

Squid exposed to airgun emissions may exhibit strong startle responses to a nearby airgun starting up by
firing their ink sacs and/or jetting directly away from the airgun source. Avoidance may persist for an
undetermined time or, as demonstrated by experimental trials, squid may instead increase their swimming
speed on approach of the airgun but then slow at the closest approach and remain close to the water surface
during the airgun operations. The MMS lacks information on the species of squid inhabiting the Chukchi
Sea and Beaufort Sea Planning Areas. However, squid do occur in the planning areas as, on occasion (e.g.,
in 1998 and 2005, they washed up along the beach near Barrow [George, 2005, pers. commun.]). It is
generally thought that the number of squid species in the Arctic Region is relatively low compared to more
temperate waters of the world. The distribution and abundance of various squid in the planning areas also
are unknown. Anticipated effects are limited to behavioral responses such as those noted and are regarded
as negligible to squid populations.

Snow crab is a commercially fished and managed species in the Bering Sea. It is commercially harvested
in the southeastern Chukchi Sea. Snow crabs exposed to airgun emissions are not expected to suffer any
acute or midterm mortality. Mature, postmolted females carrying second-year eggs may be adversely
impacted, experiencing abnormalities and some hemorrhaging in the ovaries or hepatopancreas (similar
function to a liver). The survival of embryos carried by female crabs, and locomotion of the resulting
larvae after hatch, are not expected to be affected by a seismic survey. Other physical impacts appear
possible but are debatable, given the limitations of the study reported by the CDFO (2004a,b). Studies
designed to clarify the important data deficiencies identified in the CDFO study regarding the effects of
airgun emissions on snow crabs could be conducted in the Chukchi Sea to resolve the uncertainties
stemming from the CDFO study.

I11.F.1.j. Assessment of Alternatives. The following provides a comparison across the various
alternatives of potential impacts to fish resources, EFH, and commercial fisheries in the Chukchi Sea and
Beaufort Sea Planning Areas. This assessment is based on the available scientific and management
information reviewed above. Sections I and III.C describe seismic-survey operations, the Proposed Action,
airguns and their emissions (i.e., frequency range and sound-pressure levels), and the acoustic environment.
Section III.F.1.i(2) above provides a summary of the current state of scientific knowledge on the range of
potential impacts to marine fish and invertebrates from seismic activity similar to that described under the
Proposed Action and various alternatives.

Alternative 1, the no-action alternative, poses no adverse impacts to fish/fishery resources or EFH.

Alternatives 3 through 6 all equally employ mitigation measures beyond those in the Proposed Action to
avoid or limit the potential for impacts to fish resources and EFH. As these measures apply across
Alternatives 3 through 6, there remains little difference across the various alternatives as to the degree of
impacts for this species group and related issues. In theory, the alternatives with the more restrictive
exclusion zones for marine mammals (Alternatives 3 and 5) would provide more protection for marine fish
and invertebrate species if shutdown were to occur, but again this would be considered only incrementally
more protective for fish, invertebrates and related issues.

I11.F.1.k. Mitigation Measures. Alternatives 3 through 6 all equally employ mitigation measures beyond
those in the Proposed Action to avoid or limit the potential for mortality and behavioral impacts to fish
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resources and EFH. These mitigation measures also are specifically designed to limit potential impacts to
migration, spawning, rare species, subsistence fishing, and operation of multiple seismic surveys. These
measures are outlined in Section I'V.

Seismic cables and airgun arrays shall not be towed in the vicinity of fragile biocenoses, unless MMS
determines the proposed operations can be conducted without damage to the fragile biocenoses.

e Based on the information provided by MMS on the known locations of fragile biocenoses in
the Chukchi and Beaufort seas, the applicant shall clearly explain to what distance their
operations will avoid fragile biocenoses and how they will avoid damaging fragile biocenoses.

e Permittees shall report to MMS if damage to fragile biocenoses occurs as a result of their
operations. Additionally, Permittees shall notify MMS if they detect any fragile biocenoses
otherwise not documented in their permit application.

Vessels shall not anchor in the vicinity of any documented fragile biocenoses (e.g., the Boulder Patch,
natural gardens of coral/sponge or macroalgae [e.g., kelp beds]), unless an emergency situation involving
human safety specifically exists and there are no other feasible sites to anchor at the time.

I11.F.1.1. Conclusions. Overall, the Proposed Action and Alternatives 3 through 6 potentially could
adversely impact EFH and fish/fishery resources. Many fish species are likely to hear airgun sounds as far
as 2.7-63 km (1.6-39 mi) from their source, depending on water depth. Fish responses to seismic sources
are species specific and may differ according to the species’ lifestage. Immediate mortality and
physiological damage to eggs, larvae, and fry, adult and juvenile marine fishes is unlikely to occur, unless
the fish are present within 5 m of the sound source (although more likely 1 m). The potential for physical
damage is related to the characteristics of the sound wave, the species involved, lifestage, distance from the
airgun array, configuration of array, and the environmental conditions. Damage to tissue may not be
immediately apparent.

Behavioral changes to marine fish and invertebrates may include balance problems (but recovery within
minutes); disoriented swimming behavior; increased swimming speed; tightening schools; displacement;
interruption of important biological behaviors (e.g., feeding, mating); shifts in the vertical distribution
(either up or down); and occurrence of alarm and startle responses. Some fishes may be displaced from
suitable habitat for hours to weeks. Thresholds for typical behavioral effects to fish from airgun sources
occur within the 160-dB to 200-dB range.

Potential impacts from vessel noise, anchor or cable deployment, and recovery of fuel spills is regarded as a
negligible adverse but not significant impact to fish/fishery resources and EFH. Commercial fisheries in
the region are not expected to be impacted. There is a potential for impacts to migration, spawning or
subsistence fishing.

There is relatively little information concerning the distribution and abundance of populations of rare fish
resources from which to determine whether exposure to seismic airgun emissions would result and
subsequently lead to a decline in abundance and/or change in distribution requiring one or more generation
for the indicated population to recover to its former status. It is logical to assume that these species would
experience the same types of behavioral impacts and potential for immediate mortality as other fish species
in the Proposed Action area. Therefore, despite the relatively limited information on these resources, the
Proposed Action and various alternatives with the mitigation implemented could result in adverse but not
significant impacts to rare fish resources in the Proposed Action area.

The MMS concludes, based on the above assessment, that the Proposed Action and Alternatives 3 through
6 would have adverse but not significant impacts on fish/fishery resources and EFH. The analysis notes
specific issues that were afforded additional assessment given their importance to fish survival and
reproduction and human uses, including impacts to migration and spawning, rare species, subsistence
fishing, and operation of coincidental multiple seismic surveys. However, based on the above assessment,
MMS concludes that the potential for impacts to these issues (e.g., migration, spawning, rare species, and
subsistence 