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EXECUTIVE SUMMARY

ES.1 INTRODUCTION

This Draft Programmatic Environmental Impact Statement (EIS)/Overseas Environmental Impact
Statement (OEIS) (hereafter called EIS/OEIS) for Marine Seismic Research funded by the National
Science Foundation or Conducted by the U.S. Geological Survey has been prepared by the National
Science Foundation (NSF) in compliance with the National Environmental Policy Act (NEPA) of 1969
(42 United States Code [USC] 84321 et seq.); the Council on Environmental Quality (CEQ) Regulations
for Implementing the Procedural Provisions of NEPA (Title 40 Code of Federal Regulations [CFR] §8
1500-1508); NSF procedures for implementing NEPA and CEQ regulations (45 CFR 640); and Executive
Order (EO) 12114, Environmental Effects Abroad of Major Federal Actions.

NSF is the proponent for the NSF-funded marine seismic research and is the lead agency for the
preparation of this Draft EIS/OEIS. The National Oceanic and Atmospheric Administration (NOAA) and
U.S. Geological Survey (USGS) are cooperating agencies.

Copies of the Draft EIS/OEIS will be sent to regulatory agencies and interested groups and individuals.
Concurrently, a Notice of Availability (NOA) for the Draft EIS/OEIS will be in local newspapers, the
Federal Register, and on the NSF website. The NOA provides information including: places where the
Draft EIS/OEIS can be reviewed, the duration of the comment period, the addresses where comments can
be sent, and the time and location of the public hearings. In addition to written submissions, NSF will
hold public hearings to provide a venue for interested parties to comment on the content of the Draft
EIS/OEIS.

ES.2 PURPOSE OF AND NEED FOR THE PROPOSED ACTION

This Draft EIS/OEIS examines the potential impacts that may result from geophysical exploration and
scientific research using seismic surveys that are funded by NSF or conducted by the USGS. The
Proposed Action is for academic and U.S. government scientists in the U.S., and possible international
collaborators, to conduct marine seismic research from research vessels operated by U.S. academic
institutions and government agencies. The purpose of the Proposed Action is to fund the investigation of
the geology and geophysics of the seafloor by collecting seismic reflection and refraction data that reveal
the structure and stratigraphy of the crust and/or overlying sediment below the world’s oceans. NSF has a
continuing need to fund seismic surveys that enable scientists to collect data essential to understanding
the complex Earth processes beneath the ocean floor. Data collected from marine seismic surveys:

e were important in hypothesizing, and subsequently demonstrating, the validity of the theory of
plate tectonics;

e are vital to making ocean drilling scientifically useful and environmentally safe;

e provide imaging of ocean faults, which is key to studies of earthquake and landslide hazards;

e are essential to evaluate the potential for tsunami generation, which, in most cases, result from
submarine slumping associated with earthquakes;

e are used to define potential failure regions, slip planes, oversteepened slopes, creep, zones of
potential overpressures, and concentrations of gas hydrates or shallow free gas that may play a
role in destabilization of sedimentary slopes;

e are used to map sedimentary horizons, allowing correlation of sediment type and age across long
distances, and providing information on spatial and temporal distributions of processes (such as
climatic or oceanographic events) at geologic time scales;
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e can be used to directly image magma chambers in volcanoes or mid-ocean ridges, and repeat
surveys can be used to image changes in magma reservoirs related to eruptions; and

e can be used to interpret processes of compaction, folding, dewatering, and other processes in
subduction zones that lead to uplift, earthquakes, slumping, and other processes that will impact
land and people.

The funding and conducting of marine seismic research would continue to meet NSF’s critical need to
foster a better understanding of Earth’s history, natural hazards, and climate history. A few representative,
recent examples of NSF-funded or USGS marine seismic research include:

o locating stratigraphic records of environmental change that assist in understanding anthropogenic
warming and the melting of glaciers;

o understanding source mechanisms, fault locations, and hazard potentials for large earthquakes
and tsunamis along faults and segments of tectonic plate boundaries, allowing prioritization of
tsunami and earthquake warning systems;

e imaging sedimentary packages that indicate how erosion and sedimentation have impacted and
changed the size and shapes of the continental shelves over time;

e examining the formation and evolution of volcanic islands, mid-ocean ridges, and igneous
provinces;

e understanding the evolution and movement of tectonic plates;

e providing essential geological information needed for initiation of scientific ocean drilling and
bore hole observatory monitoring of the ocean crust;

e studying structures produced by asteroid impacts;

e mapping the seafloor and its topographic relief and understanding the causes of submarine
geologic structures;

e mapping hydrothermal vent systems and determining the pattern of circulation of sub-seafloor
fluids;

o evaluating the distribution and volume of methane gas in free and hydrated form within a region,
and the potential impact on the ocean and atmosphere of a release of large volumes of methane
gas; and

e understanding the distribution and amount of sediment-hosted natural gas beneath the world’s
oceans.

In addition to specific marine seismic research, geoscience exploration through ocean drilling has been an
ongoing effort by NSF with international partners since the early 1970s. Seismic reflection surveying is a
critical, required element for every site that gets drilled under the auspices of the Integrated Ocean
Drilling Program, as well as under the program’s predecessors: Ocean Drilling Program and Deep Sea
Drilling Project.

ES.3 PROGRAMMATIC APPROACH

Currently, Environmental Assessments (EAs) are prepared for individual or a small group of research
cruises. The potential impact identified has been the sound from seismic surveys on marine resources and
species listed under the Marine Mammal Protection Act (MMPA) and Endangered Species Act (ESA).
The EAs have been used to provide the necessary information to initiate and conduct informal or formal
consultation with the NOAA Office of Protected Resources (OPR) and the U.S. Fish and Wildlife Service
(USFWS) under section 7(a)(2) of the ESA. For research cruises with the potential for adverse impacts to
listed species, NOAA OPR and/or USFWS have issued a Biological Opinion and related Incidental Take
Statements, which included terms and conditions to minimize impacts on threatened and endangered
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species. In parallel with this effort, when applicable, a separate application for an Incidental Harassment
Authorization (IHA) under Section 101(a)(5)(D) of the MMPA was submitted for each cruise to another
division within NOAA OPR, which subsequently issued the IHA.

NSF and the USGS have decided that a Programmatic EIS/OEIS would minimize duplication of effort in
environmental documentation and to address the potential for cumulative effects of marine seismic
research acoustic sources upon marine resources. This Draft EIS/OEIS addresses a variety of acoustic
sources used for research activities conducted from various research vessels operated by U.S. academic
institutions or government agencies. A variety of other geoscience research activities, such as, but not
limited to, mapping, dredging, drilling, and coring, might also be conducted on any seismic research
cruise.

The programmatic NEPA approach provides a format for a comprehensive cumulative impacts analysis
by taking a view of the planned marine seismic research activities as a whole. This is accomplished by
assembling and analyzing the broadest range of direct, indirect, and cumulative impacts associated with
all marine seismic research activities in addition to other past, present, and reasonably foreseeable
projects in the region of influence. Furthermore, the collective analysis of representative project locations
will provide a strong technical basis for a more global assessment of the potential cumulative impacts of
NSF-funded and USGS marine seismic activities in the future.

Subsequent project and cruise-specific NEPA documents or other appropriate environmental documents
would use the framework of this programmatic document and address the potential impacts of specific
cruise- and site-specific actions.

ES.4 PROJECT DESCRIPTION
ES.4.1 Exemplary Analysis Areas

Due to the potential for NSF-funded marine seismic cruises to occur across the world’s oceans, it was
necessary to narrow the focus of the impact analysis presented in this Draft EIS/OEIS to a number of
representative or exemplary analysis areas. The exemplary analysis areas were selected in areas where it
was considered likely that a future marine seismic research cruise would be proposed for NSF funding by
a scientific investigator, while at the same time including analysis areas within a wide range of Longhurst
Biomes. The pelagic biogeography by Longhurst was utilized as a guide to identify areas with similar
ecological dynamics.

This concept describes how individual species are distributed in the ocean, and explains how these species
aggregate to form characteristic ecosystems under regional conditions of temperature, nutrients, and
sunlight exposure. Although Longhurst Biomes are extremely large, the biome concept provided a large-
scale selection criterion. For the purposes of this EIS/OEIS, 13 exemplary (representative) analysis areas
were proposed for analysis within this Draft EIS/OEIS, as listed in Table ES-1 and depicted in Figure
ES-1: 5 areas were subject to detailed analysis [Detailed Analysis Areas (DAAS)] and 8 subject to
qualitative analysis [Qualitative Analysis Areas (QAAS)].
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Table ES-1. Detailed and Qualitative Analysis Areas
Site Survey Track Longhurst Survey
Name Area Latitude Longitude Biome Season
DAA
Western Gulf of Alaska Between Kodiak & o £oo o Pacific Westerly
(W Gulf of Alaska) Shumagin Islands 535N 151-159°W Winds Summer
Southe%rn C_allfornla Santa Barbara Basin 35°N 120°W Pacific Coastal Late Spring/
(S California) Early Sum
. W of Galapagos o o Pacific Trade
Galapagos Ridge Islands 4°S 103.6°W Wind Austral Sum
Caribbean Sea Offshore of o o . .
(Caribbean) Venezuela 12°N 65° W Atlantic Coastal Spring/Summer
Northwestern Atlantic Offshore of New o . .
(NW Atlantic) Jersey 39.5°N 73.5°W Atlantic Coastal Summer
QAA
British Columbia Coast Queen Charlotte 52° N 129° W pacific Coastal Fall
(BC Coast) Basin
. . Deep water o o Atlantic Spring, Summer,
Mid-Atlantic Ridge (>9,842 ft [3000m]) | 2N 40° W Westerly Winds or Fall
Mariana Islands . o o Pacific Trade .
(Marianas) Marianas Islands 17°N 145° E Wind Spring
Sub-Antarctic E of New Zealand 42°S 145° W Antarctlc_: Austral Summer
Westerly Winds
Northern Atlantic/lceland S of Iceland 59°N-65° N | 33°W-25°W | Atlantic Polar Summer
(N Atlantic/Iceland)
Southwestern Atlantic . . . Atlantic Trade .
(SW Atlantic) NE of Brazil 5°N 45°W Winds Anytime
Western India : R R Indian Ocean Late Spring or
(W India) W of India 20°N 65°E Coastal Early Fall
Western Australia Offshore of NW 18°S 120° E Indian Ocean Austral Spring
(W Australia) Australia Coastal or Fall

ES.4.2

NSF-funded Marine Seismic Research

Proposed Marine Seismic Research Activities

Under the Proposed Action, marine seismic surveys funded by NSF may take place across the world’s
oceans, including the Atlantic, Pacific, Indian, Arctic, and Southern Oceans, and in the Mediterranean
Sea, and may be located in the Exclusive Economic Zone (EEZ) or territorial waters of the U.S. or foreign
countries. About 4-7 cruises are conducted each year with cruises lasting about 1-7 weeks, are generally
more than 3 nautical miles (hm) (5.6 kilometers [km]) off the coast, and primarily utilize high-energy
source systems such as strings or arrays of 6-36 airguns. The amount of time in which seismic operations
are conducted during any specific research cruise may range from 20 to >800 hours (hr) and depends
upon the objectives of the research and the requirements of the geophysical study. Seismic operations
generally occur in deeper, open ocean waters but can range from <328 feet (ft) (100 meters [m]) to
>26,247 ft (8,000 m). The research vessels have the capability of towing different airgun configurations,
depending on the need of the research and the scientific objectives. A variety of other research can also be
conducted on NSF-funded marine seismic research cruises, including, but not limited to, mapping, water
sampling, and scientific dredging, drilling, and coring.
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USGS Marine Seismic Research

USGS seismic research for the past 3-5 years has been primarily coastal, utilizing high-resolution, low-
energy source systems in primarily coastal waters. Among the USGS Coastal Centers in California
(Menlo Park and Santa Cruz), Massachusetts (Woods Hole), and Florida (St. Petersburg), about 8-12
cruises are conducted each year. The cruises last about 1-3 weeks, are generally only within 3-5 nm (5.6-
9.3 km) of the coast, and primarily utilize low-energy source systems such as chirp and minisparker
systems. Although USGS operated many large-source multichannel seismic reflection and refraction
cruises in the 1970s, 1980s and 1990s, these kinds of cruises have been more the exception than the rule
for USGS during the past decade. Water depths vary by area of operations, for example, on the Pacific
west coast water depths are generally <328 ft (100 m), and generally not >3,281 ft (1,000 m). On the
Atlantic east coast, water depths are generally <66 ft (20 m), and generally not >328 ft (100 m).

The research vessels used by USGS have the capability of towing different seismic sources and airgun
configurations, depending on the need of the research and the scientific objectives. USGS cruises have
variable scientific objectives ranging from fault identification (Pacific coast) to geological habitat
mapping (all coasts) to assessing methane vents in thawing permafrost regions (North Slope of Alaska).
Recent mapping on the west coast has focused on multiyear systematic mapping of California state waters
with multiple acoustic systems (e.g., swath mapping, side-scan sonar, and high-resolution chirp sub-
bottom imaging). Similarly, the Woods Hole office is engaged in a multiyear systematic mapping of
Massachusetts State waters using similar systems for overall coastal management. USGS has conducted
similar studies off North Carolina, South Carolina, and New York to evaluate the geologic basis for
coastal erosion. Similar systematic mapping studies are expected to continue off Oregon and Washington
in future years.

ES.5 ACOUSTIC MODELING

Under the Proposed Action, a variety of airgun configurations ranging from small arrays of 1-4 airguns to
large arrays of 18-36 airguns, as well as other lower energy non-seismic acoustic sources including
MBESs, SBPs, and pingers, would be operated. Because of the complexities and variability of sound
propagation from these sources in different ocean environments, acoustic modeling is a key component in
an effective scientific analysis of the extent of the potential acoustic impacts. As described previously,
five exemplary areas were identified for detailed acoustic analysis, and a representative seismic survey
scenario using airguns as the seismic acoustic source was modeled for each area.

For a quantitative assessment of the potential impact of an exemplary marine seismic survey, it is
necessary to integrate the predicted (modeled) seismic survey sound field with the expected distribution
of marine animals. This is a three-part process:

1. Estimate the 3-dimensional (3-D) sound field while the airguns are operating at representative
locations within the analysis area using an airgun array source model and a sound propagation
model.

2. Estimate the 3-D locations and movements of simulated animals in space and time.

3. Integrate these two sets of model outputs to estimate the maximum and cumulative airgun sound
that would be received by each simulated animal, and then assess the potential impact of the
seismic survey sound source on a specific species or group.

The computer models used to develop these estimates are described in detail in Appendix B, Acoustic
Modeling Report. A further step in the analysis process is to assess, in a qualitative manner, how the
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impacts in eight additional scenarios would be expected to compare with those in the five scenarios
analyzed in detail.

In this Draft EIS/OEIS, the full process outlined above is applied for marine mammals. Marine mammals
are a resource of particular concern with regard to seismic surveys. Also, marine mammals are the
animals for which most progress has been made in identifying the specific sound exposure criteria that
need to be defined in order to undertake a quantitative assessment of impact. Other resources are analyzed
in a less detailed and more qualitative way, but taking into account specific impact criteria where
available.

ES.6 ACTION ALTERNATIVES
Two action alternatives and the No-Action Alternative are proposed. The two action alternatives are:

e Alternative A: Conduct Marine Seismic Research Using Cruise-specific Mitigation Measures
e Alternative B: Conduct Marine Seismic Research Using Cruise-specific Mitigation Measures
with Generic Mitigation Measures for Low-energy Acoustic Sources (Preferred Alternative)

Marine seismic research cruises would use a variety of airgun (pneumatic sound source) array
configurations, and often use other non-seismic acoustic sources as well, including multi-beam echo
sounders (MBESs), sub-bottom profilers (SBPs), pingers, acoustic Doppler current profilers (ADCPs),
and acoustic releases. Seismic sources would include high-energy source arrays of 18-36 airguns (up to a
discharge volume of 6,600 cubic inches [in’]) and low-energy source arrays of 1-4 airguns (up to a
discharge volume of 420 in®). Sources used in NSF-funded or USGS marine seismic research include
those on the R/V Langseth, the primary vessel used to support high-energy source seismic research, as
well as airguns and other low-energy seismic acoustic sources (e.g., chirp systems, sparkers, water guns,
etc.) on University-National Oceanographic Laboratory System (UNOLS) vessels operated directly by
the U.S. Government, such as USGS, and others as needed via contract or charter. All NSF-funded or
USGS marine seismic cruises would be conducted according to applicable U.S. federal and state laws and
regulations, and as applicable, foreign laws and regulations recognized by the U.S. Government.

Numerous species of marine mammals and sea turtles are expected to be encountered during marine
seismic research activities. The following subsections describe mitigation measures that are an integral
part of NSF-funded and USGS marine seismic research activities under Alternatives A and B.

Alternatives A and B differ in how the proposed safety radii or mitigation zones (MZs) are determined.
For operations with no request for MMPA incidental take authorization, the MZs are the same in
Alternative A and Alternative B. Where take is expected and authorization is requested, Alternative A
would require a specific calculation of MZs and FMZs for every proposed cruise, whereas Alternative B
introduces a generic set of MZ conditions that would be applied to low-energy seismic operations
proposed in water depths >328 ft (100 m).

The use of small numbers of generator-injector (GI) guns and other acoustic sources (e.g., chirp systems,
sparkers, boomers) for low-energy seismic survey work in waters >328 ft (100 m) in depth, most often
conducted on UNOLS and USGS vessels or in support of ocean-drilling operations, have modeled MZs
of <328 ft (100 m). Therefore, in Alternative B, NSF and USGS would conservatively apply the use of a
328-ft (100-m) MZ for all low-energy acoustic sources in water depths >328 ft (100 m).

For the purposes of this EIS/OEIS, a low-energy source is defined as an acoustic source whose received
level is <180 decibels reference 1 microPascal (dB re 1uPa) at 328 ft (100 m). Based on this definition
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and previous modeling results of various acoustic sources previously assumed to be low-energy sources,
the following categories of acoustic sources are defined as low-energy seismic sources:

o GIGuns:
- Anysingle or any two Gl guns.
- Three or four GI guns, within the allowable range of tow depths and element separations
explained in detail in Appendix F.
e Generic single-chamber airguns:
- Atuned array of four airguns (volumes between 25 and 160 in® each) within the allowable
range of tow depths and element separations explained in detail in Appendix F.
- Asingle pair of clustered airguns with individual volumes of 250 in® or less.
- Two small 2-clusters (four airguns) with maximum volumes of 45 in®.
- Any single airgun 425 in® or smaller, at any tow depth.
e Any sparker, boomer, water gun, or chirp system with a source level <205 dB reference 1

microPascal at 1 m (re 1uPa-m).

Table ES-2 provides a summary of the MZs proposed under Alternative A and Alternative B.

Table ES-2. Comparison of Alternatives A and B

Alternative B

Stipulation Alternative A | (Preferred Alternative)
200-m FMZ for expected no-take situations X X
100-m MZ for defined low-energy sources X
Cruise-specific calculations of MZs for all sources defined as X

low energy
Cruise-specific calculations of FMZs for all sources defined as
low or high energy

X X

ES6.1  Mitigation Measures

The following mitigation measures would apply in general to all proposed NSF-funded and USGS marine
seismic research cruises under Alternatives A or B. However, for those cruises that may be conducted
within the EEZ and territorial waters of another nation, additional or different mitigation measures may be
required by that nation. In addition, the following proposed mitigation measures are identified for NEPA
purposes. While similar mitigation and monitoring may be required for incidental take authorizations
under the MMPA, such mitigation would be developed in coordination with NMFS or the USFWS on a
case-by-case basis for specific cruises during the processing of the incidental take authorization.

Under Alternative B, for any seismic survey cruise that proposes a low-energy source as defined above,
there would be a standard MZ of 328 ft (100 m) for all marine mammals and turtles. For acoustic sources
not defined as low-energy sources, cruise-specific MZs would need to be modeled to determine the
effective MZs for marine mammals and turtles.

Mitigation during Planning Phases

Research proposals submitted to NSF undergo a competitive, merit review process which typically
includes external expert review by an ad hoc panel and/or mail review. After scientific, technical, and
programmatic review and consideration of appropriate factors, the NSF Program Officer recommends to
the cognizant Division Director whether the proposal should be declined or recommended for award.
After Division approval has been obtained, the proposals recommended for funding are forwarded to the
Division of Grants and Agreements for review of business, financial, and policy implications and the
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processing and issuance of a grant or other agreement. NSF strives to make funding decisions within 6
months of proposal receipt. Awardees that require time on research vessels are typically scheduled a
minimum of 1 year in advance of the desired cruise date.

Considerable planning is required to schedule a marine seismic research cruise. In scheduling a seismic
survey, NSF and the entities that propose to conduct the cruise would consider potential environmental
impacts including seasonal, biological, and weather factors; ship schedules; and equipment availability.
This preliminary assessment of potential environmental impacts would be part of the NSF proposal
review and cruise scheduling processes, with a full assessment completed prior to cruise departure.

A preliminary assessment would include identifying within a proposed seismic survey area the
occurrence, level and type of use (e.g., breeding, feeding, migrating, etc.), and seasons of use by marine
mammals, sea turtles, and other ESA-listed species; potential occurrence of commercial, local, and
subsistence fishing activities; and other site-specific concerns. This preliminary information would be
used to assess the feasibility of conducting an NSF-funded marine seismic study at a specific location;
specific times or locations within an area where potential impacts would be avoided or minimized; and to
identify any additional mitigation and/or monitoring measures that would be implemented to avoid or
minimize potential impacts.

For each proposed research cruise, NSF and the project applicants would consider whether the research
objectives could be met with a smaller source and a survey design that minimizes seismic operations. If
there is concern about exposure of sensitive biota, NSF and the project proponents would also consider
whether a different survey time would reduce those effects. Through pre-cruise planning, areas and
seasons where there are expected concentrations of marine mammals and sea turtles would be identified
and avoided to the maximum extent practicable. Special consideration would be given to marine biota
engaged in sensitive activities such as breeding, rearing of young, and feeding. If appropriate, NSF and
the project proponents would also implement mitigation measures to address potential impacts to fishing
activities.

USGS marine seismic research projects are conducted to support approved programs of the USGS for
which the agency has direct or reimbursable funding. The potential environmental impact of such marine
seismic projects is considered throughout the planning process. Like NSF, the USGS also considers
whether research objectives can be attained using smaller seismic sources or alternative survey design
and, to the extent possible, surveys are planned to reduce the potential impact of seismic sources on
sensitive marine biota and human activities (e.g., fishing).

Visual Monitoring for Marine Mammals and Turtles

Under Alternative A, Protected Species Visual Observers (PSVOs) would be based aboard the seismic
source vessel, and would watch for marine mammals and turtles near the vessel during daytime airgun
operations and start-ups of airguns at night. PSVOs would also watch for marine mammals and turtles
near the seismic vessel for at least 30 minutes (min) prior to the start of airgun operations after an
extended shutdown. When feasible, PSVOs would also make observations during daytime periods when
the seismic systems are not operating for comparison of animal abundance and behavior during seismic
and non-seismic periods. Based on PSVO observations, airguns would be powered down (see below) or,
if necessary, shut down completely, when marine mammals are observed within or about to enter a
designated MZ (see below). The MZ is a region in which a possibility exists of effects on animal hearing
or other physical effects (Level A harassment). PSVOs also monitor for species to the full mitigation zone
(FMZ) which includes the area identified for potential behavioral harassment (Level B harassment).
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PSVOs would be appointed by the academic institution conducting the research cruise in the case of NSF-
funded research and by USGS in the case of USGS marine seismic research, with NMFS Office of
Protected Resources concurrence after review of their qualifications. At least one PSVO would monitor
the MZ during daytime airgun operations and any nighttime startups. PSVOs would normally work in
shifts of 4-hr duration or less and work no more than three shifts in a 24-hr period. The vessel crew would
also be instructed to assist in detecting marine mammals and turtles. A report summarizing PSVO
observations would be submitted to NMFS and/or USFWS after the cruise in compliance with terms of
authorizations for marine mammal harassment or endangered species takes. The report would describe the
seismic operations and include a complete description of the data collected about marine mammals,
turtles, and any other threatened or endangered species observed.

All vessels conducting NSF-funded or USGS marine seismic research would be required to have suitable
platforms for marine mammal and turtle observation. On the observation platform, the eye level of the
PSVO would be sufficiently above sea level, and the observer would have a clear view around most of the
vessel. During daytime operations, the PSVO would scan the area around the vessel systematically with
reticule binoculars, “Big-eye” 25x power binoculars (on the R/V Langseth only), and with the naked eye.
Night vision devices (NVDs) would be available for their use. Laser rangefinding binoculars would be
available to assist in distance estimation.

Passive Acoustic Monitoring (PAM)

PAM involves towing hydrophones that detect frequencies produced by vocalizing marine mammals.
Ideally, two or more hydrophones are used to allow some localization of the bearing (direction) of the
animal from the vessel. A key component of PAM which allows more effective use is the computer signal
processing to detect and localize marine mammal vocalizations. Several prototype systems are under
development.

During some cruises, PAM would be used during seismic operations in conjunction with visual
monitoring. PAM would normally be used for high-energy source surveys unless in the rare and unlikely
circumstances that, (1) it is damaged and rendered unoperable during a survey and back-up systems fail;
(2) it is deemed to be ineffective in detecting animals under the circumstances of the cruise; or (3) safety
of operations prevent its use. When implemented, PAM would typically be used during both daytime and
nighttime seismic operations as well as when the vessel is underway in the survey area with the airguns
silent. During a seismic survey, PAM can be effective at detecting some animals before they are detected
visually. Its value can be limited, however, by bottom configuration (water depth) and other
environmental factors, and in some cases towing the PAM equipment is not practicable. Because of
present limitations to determine range of acoustic contacts, the value of PAM is to detect acoustic cues
that alert visual observers of the presence and general direction of marine mammals.

Inclusion of PAM does not reduce the need for visual observations, and it is expected that PAM operation
would require additional personnel beyond those aboard as PSVOs, including at least one with previous
PAM experience. NMFS would need to provide concurrence on the use of PAM personnel after review of
their qualifications. When PAM is used, PAM procedures and results would be included in post-cruise
reports submitted to NMFS and/or USFWS in accordance with MMPA and ESA regulatory requirements.

Proposed Safety Radii or MZ: Operations for Which Incidental Take of Marine Mammals is Anticipated

For operations under an IHA or LOA under Alternative A, detection of marine mammals within a
specified distance around the airguns (the MZ) would be followed by an immediate power down or
shutdown of the airguns. The mitigation radii under Alternative A would normally be the distances at
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which the effective received sound level would diminish below 190 or 180 dB re 1 pPa (rms). Radii were
calculated for both M-weighted as well as flat (unweighted) levels. These radii are determined by
acoustical modeling that considers site-specific acoustic characteristics (water depth, in particular), the
airgun configurations to be used, and the hearing characteristics of expected marine mammals in the study
area. Modeling would incorporate the most current data on airgun output and species hearing
characteristics as it becomes available. However, for certain cetaceans of special concern, more
precautionary criteria would apply (see “Special Mitigation Measures” below).

Proposed Safety Radii or MZ: Operations for Which Incidental Take of Marine Mammals is not
Anticipated or Authorized

Shutdowns or power downs would be required whenever marine mammals or turtles are detected within
an FMZ, defined as an extended MZ encompassing the full region in which NMFS estimates behavioral
disturbance (>160 dB re 1 pPa [rms]), also called ‘Level B harassment’, might occur. The FMZ must be
clearly visible and PSVOs available to monitor it throughout any period of seismic source use. These
operations would use low-energy seismic sound sources in which 180 dB re 1 pPa (rms) is not exceeded
or within close proximity to the source and the extent of 160 dB re 1 pPa (rms) sound levels are within
200 m of the source.

While technically the FMZ may be an overestimation of the area potentially ensonified to 160 dB re 1
uPa (rms), it must be within a range that can be effectively monitored. Proposed use of sources would be
on the order of hours or short-duration shooting over several days (not extensive track-lines). Examples of
proposed actions would be use of 1-2 Gl-guns for bore-hole testing (e.g., VSP). The small number of
airguns in these situations limits application of ramp-ups and power-downs. Immediate shut-down for a
marine mammal or turtle approaching the FMZ would be the primary mitigation response.

With mitigation, no takes would be expected. When proposed research cannot avoid an area of particular
sensitivity, the action would require additional considerations and potentially an incidental take
authorization. In general, surveying with small sources as well as VVSP carried out in the vicinity of drill
sites (stationary vessel sources) that have habitat sensitivity or other issues that might require a specific
incidental take authorization (e.g., IHA or LOA) would be determined in consultation with NMFS OPR.

Mitigation during Operations

Operational measures to mitigate the impact of sound on marine mammals and turtles include:

1. Vessel speed or course alteration;

2. Airgun array power down;

3. Airgun array shutdown;

4. Airgun array ramp-up; and

5. Special mitigation measures for circumstances of particular concern.

Speed or course alteration. If a marine mammal or turtle is detected outside the MZ but is likely to enter
it based on relative movement of the vessel and the animal, then if safety and scientific objectives allow,
the vessel speed and/or course would be adjusted to minimize the likelihood of the animal entering the
MZ. It should be noted that major course and speed adjustments are often impractical when towing long
seismic streamers and large source arrays; thus for surveys involving large sources, alternative mitigation
measures would often be required.
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Power down procedures. A power down involves reducing the number of airguns operating to a single
airgun in order to minimize the size of the MZ. The continued operation of one airgun is intended to alert
marine mammals and turtles to the presence of the seismic vessel nearby.

If a marine mammal or turtle is detected within, or is likely to enter the MZ of the array in use, and if
vessel course/speed changes are impractical or would not be effective to prevent the animal from entering
the MZ, then the array would be powered down to ensure the animal remains outside the smaller MZ of
the single airgun. If the size of the MZ for the single airgun would not prevent the animal from entering it,
then a shutdown would be required, as described below.

Following a power down, airgun activity would not resume until the marine mammal or turtle is outside
the MZ for the full array. The animal would be considered to have cleared the MZ if it:

¢ isvisually observed to have left the MZ;

¢ has not been seen within the MZ for 15 min in the case of small odontocetes, pinnipeds, and sea
otters;

¢ has not been seen within the MZ for 30 min in the case of mysticetes and large odontocetes,
including sperm, pygmy sperm, dwarf sperm, and beaked whales; or

o the vessel has moved outside the applicable MZ in which the animal in question was last seen.

Following a power down and subsequent animal departure as noted above, the airgun array would resume
operations following ramp-up procedures described below.

Shutdown procedures. If a marine mammal or turtle is within or about to enter the MZ for a single airgun,
or for a single airgun following a power down, all operational airguns would be shut down immediately.
Airgun activity would not resume until the animal had cleared the MZ for the full array of airguns to be
used, as described above.

Ramp-up procedures. A ramp-up procedure would be followed when an airgun array begins operating
after a specified period without operations. The period would vary depending on the speed of the source
vessel and the size of the airgun array being used. The specified period is defined as the time taken for the
source vessel to travel the radius of the MZ specified for the array to be used.

Ramp-up would begin with the smallest airgun in the array. Airguns would be added in a sequence such
that the source level of the array would increase in steps not exceeding 6 dB per 5-min period. A 36-
airgun array would take approximately 30 min to achieve full operation via ramp-up. During ramp-up, the
PSVOs would monitor the MZ, and if marine mammals or turtles are sighted, decisions about
course/speed changes, power down, and shutdown would be implemented as though the full array were
operational.

Initiation of ramp-up procedures from shutdown requires that the full MZ must be visible by the PSVOs
for 30 min, whether conducted in daytime or nighttime. This requirement would often preclude startups
under nighttime or poor-visibility conditions except for small sources with restricted MZs. Ramp-up is
allowed from a power down under reduced visibility conditions, but only if at least one airgun has
operated continuously with a source level of at least 180 dB re 1 pPa-m (rms) throughout the survey
interruption. It is assumed that the single airgun would alert marine mammals and turtles to the
approaching seismic vessel, allowing them to move away if they choose. Ramp-up procedures would not
be initiated if a marine mammal or turtle is observed within the MZ of the airgun array to be operated.

Special mitigation measures. Airgun arrays would be shut down (not just powered down) if any of the
following four species is sighted from the vessel, even if outside the MZ, due to their rarity and sensitive
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status: N Pacific right whale, N Atlantic right whale, Northeast Atlantic bowhead whale, and W Pacific
gray whale. In case of confirmed sightings of any of these species, airgun operations would not resume
until 30 min after the last documented whale visual sighting and the PSVO is confident that the whale is
no longer in the vicinity of the vessel. Other species can be designated for special measures when
appropriate.

Special measures would also apply over continental slopes, especially regions with submarine canyons,
where beaked whales are believed to concentrate. Extra mitigation would be implemented there to
minimize potential impacts on these species. Where possible, NSF-funded and USGS seismic surveys
would minimize operations near submarine canyons. Extra vigilance, including use of extra PSVOs,
would be maintained where such approaches are unavoidable. These special monitoring and mitigation
requirements would be established in advance in consultation with NMFS for each cruise that would
conduct seismic survey operations over slopes and canyon regions.

In addition to the mitigation efforts described above, NSF-funded and USGS marine seismic research
operations would take special precautions to avoid impacting migrating, breeding, and nursing
congregations of marine mammals; waters proximal to nesting sites and feeding areas of sea turtles; and
waters important to juvenile or adult listed salmon and other protected species.

ES.7 POTENTIAL IMPACTS

Potential impacts on the following resources were assessed and the following sections summarize the
findings:

e Marine Invertebrates

e Marine Fish
e Sea Turtles
e Seabirds

o Marine Mammals — Cetaceans: Mysticetes (Baleen Whales)

e Marine Mammals — Cetaceans: Odontocetes (Toothed Whales and Dolphins)
e Marine Mammals — Pinnipeds (Seals and Sea Lions)

o  Other Marine Mammals (Sea Otter, West Indian Manatee)

e Socioeconomics

e Cultural Resources

Alternatives A and B would have similar impacts on these resources. The No Action Alternative would
have no impacts on these resources, because the proposed marine seismic surveys funded by NSF or
conducted by USGS would not occur.

ES.7.1 Marine Invertebrates

The existing body of published and unpublished scientific literature on the impacts of seismic survey
sound on marine invertebrates is limited, and there are no known systematic studies of the effects of sonar
sound on invertebrates. Furthermore, it has not been specifically documented that invertebrates are
capable of detecting the acoustic sources proposed for use in NSF-funded and USGS marine seismic
research.

Generally, adverse effects on a particular invertebrate species can be considered significant if they result
in a reduction in the overall health and viability of a population or significantly impact fisheries targeting
that population.
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Under Alternatives A and B, some decapod crustaceans and cephalopods might detect the sound from the
airguns and airgun arrays (Table ES-3). The MBESs, SBPs, and pingers might be similarly detectable by
fewer invertebrate species. For those invertebrate species capable of detecting such sounds, there would
theoretically be potential for adverse pathological and physiological effects at extremely close range, and
for behavioral effects extending to somewhat greater ranges. These effects could temporarily change the
catchability of some crustacean and mollusk fisheries in localized areas. The likelihood of each of these
effects depends on the sound level received by the individual. The received sound level is generally
related to proximity to the source but is influenced by other factors as well (e.g., water depth, sound
velocity profile of the water, bottom conditions, airgun array size, etc.). The potential for pathological
effects is expected to be limited to those individual invertebrates within several meters of an active source
operating at high levels and producing sounds within the frequency range to which the animals are
sensitive. On a population level, the potential effects are considered insignificant.

Table ES-3. Summary of Potential Impacts to Crustaceans, Mollusks (Cephalopods), and Related
Fisheries with Implementation of Alternatives A and B

Analysis Area | Alternatives A and B*
DAAs
NW Atlantic « Potential short-term behavioral or possibly physiological effects on individuals.
W Gulf of Alaska o Potential adverse but not significant impacts to individuals < several m from the active
Caribbean Sea sound source.
S California ¢ No significant impacts at the population level.
Galapagos Ridge
QAAS
BC Coast
Marianas . . . . . s
.  Potential short-term behavioral or possibly physiological effects on individuals.
Sub-Antarctic . L : LS .
. o Potential adverse but not significant impacts to individuals < several m from the active
N Atlantic/Iceland
- sound source.
SW Alantic « No significant impacts at the population level
W India g P pop '
W Australia
Mid-Atlantic Ridge

Note: *Impacts under Alternatives A and B assume that provisions would be made to plan the seismic surveys to avoid EFH and
commercially important fisheries to the maximum extent practicable.

In summary, based on the limited available information about the effects of airgun and sonar sounds on
invertebrates, there would be no significant impacts to marine invertebrate populations, fisheries, and
associated Essential Fish Habitat (EFH) with implementation of Alternative A or B.

ES.7.2 Marine Fish

Short-term behavioral effects potentially resulting in short-term, localized displacement or disturbance of
individual fish are the most likely effects expected under Alternative A or B as a result of exposure to
airgun and airgun array sounds. The small number of individual fish that could potentially experience
injurious or mortal impacts when within a few meters of a high-energy acoustic source is considered
insignificant on a population scale.

The potential for impacts upon exposure of fish to the MBES and SBP is considerably less for two
reasons. First, few fish species are capable of detecting or hearing the high-frequency sounds produced by
these two acoustic sources. Secondly, the narrower along-track beam of these two acoustic sources would
affect a considerably smaller area than the broader areas affected by the airguns and arrays; as a result, a
given fish location near the transiting source would be ensonified for only one brief ping at most. The
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potential for impacts upon exposure of fish to the pingers is not likely given the much higher frequency of
this instrument relative to fish hearing capabilities.

For any ESA-listed species of fish whose hearing is within the frequency range of the airguns, there may
be short-term impacts to a small number of individuals that are very close to an airgun (a few meters), but
these effects are not likely to adversely affect these populations. Furthermore, impacts to ESA-listed fish
species or EFH are not anticipated to occur as implementation of Alternatives A or B include provisions
to plan the seismic surveys to avoid, to the maximum extent practicable, federally designated critical
habitat for threatened or endangered fish populations. With these mitigation measures in place, no
significant impacts on threatened or endangered fish populations or to EFH are anticipated in any of the
exemplary DAAs or QAAs due to any of the proposed sound sources (Table ES-3).

Table ES-3. Summary of Potential Impacts to Fish Species of Special Concern, EFH, and Related
Fisheries with Implementation of Alternatives A or B

Analysis Area | Species, EFH, or Fisheries | Alternative A or B*

DAAs

o ESA-listed species: shortnose
sturgeon, Atlantic salmon

e EFH for numerous species

e Important fisheries

NW Atlantic
o May affect but would not adversely affect ESA-

listed species.
e Primarily short-term behavioral or possibly
physiological impacts to small numbers of

e Important fisheries
W Gulf of Alaska e EFH for numerous species including
salmon and groundfish

individuals of most higher groups.
e Important fisheries « No significant impacts to fisheries.
o No adverse effects on EFH.

Caribbean Sea
Galapagos Ridge

e ESA-listed species: green sturgeon,
Chinook & coho salmon, steelhead,

S California bull trout

e EFH for numerous species

o Important fisheries

¢ No significant impacts at the population level.

QAAS

e ESA-listed species: green sturgeon;
bull trout; steelhead; sockeye salmon;
Chinook, chum, and coho salmon

e Important fisheries

BC Coast e May affect but would not adversely affect ESA-

listed species.

e Primarily short-term behavioral or possibly
physiological impacts to small numbers of

e Important fisheries individuals of most higher groups.

e No significant impacts to fisheries.

Mid-Atlantic Ridge
Marianas
Sub-Antarctic

N Atlantic/lceland

« EFH for numerous species * No adverse effects to EFH.

SW Atlantic « Important fisheries  No significant impacts at the population level.
W India N
W Australia « Important fisheries

Note: *Potential impacts under both alternatives assume that provisions would be made to plan the seismic surveys to avoid, to
the maximum extent practicable, critical habitat for federally listed species

ES.7.3 Sea Turtles

Little is known about the acoustic capabilities of sea turtles, either in terms of hearing ability or sound
production. With such limited data, it is currently not possible to determine how far away a particular airgun
array may be audible to a sea turtle. Thus, it is not possible to identify specific sound criteria for sea turtles
above which temporary threshold shift (TTS), permanent threshold shift (PTS), or injury could occur based on
empirical data. However, as a conservative measure, NMFS has identified two levels of sound exposure
criteria for sea turtles during seismic research surveys in areas where sea turtles were anticipated to be
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numerous. The most recent (through 2009) of these two criteria correspond to a conservative safety radius of
180 dB re 1 uPa above which TTS or PTS is considered possible and should thus be avoided. The second
is a conservative radius of 166 dB re 1 puPa above which behavioral “harassment” changes may occur. These
criteria were identified to precautionarily limit the potential risk of physical injury and to address
behavioral disturbance, respectively, since the associated limits were unknown.

Under Alternatives A and B, with the proposed monitoring and mitigation measures in place, no
significant impacts are likely to sea turtle populations due to airgun operations in any of the analysis areas
where they may occur (Table ES-4). The number of individual sea turtles expected to be closely
approached during the exemplary surveys would be small in relation to regional population sizes. With
the proposed monitoring, ramp-up, power- and shut-down provisions, effects on those individuals are
likely to be limited to short-term behavioral disturbance and short-term localized avoidance of an area of
unknown size near the active airguns. Operation of the MBES, SBP, or pingers is not expected to affect
sea turtles, because the associated frequency ranges are above the known hearing range of sea turtles.
Furthermore, the intermittent and/or narrow downward-directed nature of these sounds and the fact that
they are emitted from a transiting seismic vessel would result in no more than one or two brief pulse
exposures to relatively slow-moving sea turtles. In summary, implementation of Alternative A or
Alternative B may affect, but is not likely to adversely affect, ESA-listed sea turtle species occurring in
analysis areas. No significant impacts are expected to occur at the population level for any sea turtle
species.

Table ES-4. Summary of Potential Impacts to Sea Turtles with Implementation of Alternative A or B

Analysis Area

Species*

Alternative A or B**

DAAs

NW Atlantic,
Caribbean

Green, hawksbill,
Kemp’s ridley,
leatherback, loggerhead

e Short-term disturbance and localized displacement of small numbers of
feeding/migrating leatherbacks and possibly loggerheads likely by small array
in shallow to deep waters, other species highly unlikely. Affected number
smaller than large-array areas with similar water depths.

¢ Potential for TTS unknown, considered possible close to airguns but unlikely to
occur as turtles expected to avoid such exposure and vessel would quickly pass.

e Potential for PTS, injury, lethal effects from airguns unknown but considered
unlikely as turtles expected to avoid such exposure and vessel would quickly
pass.

¢ No significant impacts expected at the population level.

o May affect, likely to adversely affect leatherbacks and loggerheads.

e May affect, not likely to adversely affect green, hawksbill, and Kemp’s ridley.

S California,
Galapagos

Green, hawksbill,
leatherback, loggerhead,
olive ridley

e Short-term disturbance and localized displacement of small numbers of
breeding or feeding green and hawksbill likely and smaller numbers of
breeding, feeding or migrating loggerhead, olive ridley, Kemp’s ridley, and
leatherback possible by large array in shallow to deep waters.

e TTS and PTS unlikely, no significant impacts to populations (see NW Atlantic).

o May affect, likely to adversely affect all six ESA-listed sea turtles.

W Gulf of Alaska

Green, leatherback,
loggerhead, olive ridley

o Effects highly unlike as all species considered rare in the project area.

¢ No significant impacts to populations (see NW Atlantic).

o May affect, not likely to adversely affect green, loggerhead, olive ridley and
leatherback.

QAAs
e Short-term disturbance and localized displacement of small numbers of
migrating green and leatherback possible by large array in shallow and
Green leatherback intermediate-depth waters, other species highly unlikely/rare.
BC Coast ) : e TTS and PTS highly unlikely, no significant impacts to populations (see NW

loggerhead, olive ridley

Atlantic).
o May affect, likely to adversely affect green and leatherback.
o May affect, not likely to adversely affect loggerhead and olive ridley
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Table ES-4. Summary of Potential Impacts to Sea Turtles with Implementation of Alternative A or B

Analysis Area

Species*

Alternative A or B**

Mid-Atlantic Ridge

Green, hawksbill, Kemp’s
ridley, leatherback,
loggerhead, olive ridley

o Effects highly unlikely as all species considered rare within the project area.
¢ No significant impacts to populations (see NW Atlantic).
o May affect, not likely to adversely affect all six ESA-listed species

Marianas

Green, hawksbill,
leatherback, loggerhead,
olive ridley

 Short-term disturbance and localized displacement of small numbers of
migrating or feeding individuals possible by large array in shallow to deep
waters (all five species likely uncommon)
¢ TTS and PTS highly unlikely, no significant impacts to populations (see NW
Atlantic)
e  May affect, not likely to adversely affect green, hawksbill, loggerhead,
olive ridley and leatherback

Sub-Antarctic,
W India

Green, hawksbill,
loggerhead, olive ridley,
leatherback

e Short-term disturbance and localized displacement of very small numbers of
migrating green, hawksbill and olive ridley likely and smaller numbers of
migrating or feeding loggerhead and leatherback possible by small array in only
deep waters. Affected number expected to be smaller than most other analysis
areas with larger arrays and/or in shallow or intermediate-depth waters.

¢ TTS and PTS unlikely, no significant impacts to populations (see NW Atlantic).

o May affect, not likely to adversely affect green, hawksbill, loggerhead, olive
ridley and leatherback.

SW Atlantic

Green, hawksbill,
loggerhead, olive ridley,
leatherback

e Short-term disturbance and localized displacement of small number of breeding
or feeding green likely and smaller numbers of hawksbill, loggerhead, olive
ridley and leatherback possible by large array in shallow to deep waters.

e TTS and PTS unlikely, no significant impacts to populations (see NW Atlantic).

o May affect, not likely to adversely affect green, hawksbill, loggerhead, olive
ridley, and leatherback.

W India

Green, hawksbill,
loggerhead, olive ridley,
leatherback

e Short-term disturbance and localized displacement of small number of breeding
or migrating green and olive ridley likely and smaller numbers of hawksbill,
loggerhead, and leatherback possible by large array in intermediate to deep
waters. Affected number expected to be smaller than large array operating in
shallow water.

o TTS and PTS unlikely, no significant impacts to populations (see NW Atlantic).

o May affect, not likely to adversely affect green, hawksbill, loggerhead, olive
ridley and leatherback.

N Atlantic/
Iceland

Leatherback, loggerhead

o Effects highly unlikely as both species considered rare
¢ No significant impacts to populations (see NW Atlantic)
o May affect, not likely to adversely affect loggerhead and leatherback

W Australia

Green, hawksbill,
leatherback, loggerhead,
olive ridley, flatback

¢ Short-term disturbance and localized displacement of small numbers of
breeding, feeding or migrating green, hawksbill and olive ridley likely and
smaller numbers of feeding or migrating loggerhead and leatherback, and
breeding or feeding non-listed flatback possible by small array in shallow to
deep waters. Affected number expected to be smaller than areas with larger
array at same water depths.

e TTS and PTS unlikely, no significant impacts to populations (see NW Atlantic).

o May affect, not likely to adversely affect all six ESA-listed species.

Notes: *All sea turtle species listed except for the flatback have ESA status. ** No acoustic impacts to sea turtles from MBES, SBP, or pingers (above
turtle hearing capability) in all the analysis areas. Low risk of potential entanglement in towed/deployed seismic gear (e.g., lines, buoys, etc.);

proposed mitigation and monitoring reduces this risk.

ES.7.4

Seabirds

It is not possible to use quantitative sound-energy criteria to assess impacts of airguns or sonar on
seabirds as there are no measured or predicted underwater audiograms for any seabird species, published
or otherwise, or quantitative noise criteria used to characterize effects of airgun noise on seabirds, such as
auditory thresholds corresponding to TTS or PTS levels caused by underwater noise. Considering the
potential for other forms of acoustic injury, it is assumed that animals very close to the acoustic source
(e.g., within a few meters) would theoretically be at risk. However, available data suggest that seabirds
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are not expected to occur this close to the acoustic source at depth. Other potential impacts from
disturbance, collisions, and entanglement were evaluated according to documented ecological aspects of
seabirds, description of the proposed action and alternatives, and documented interactions with analogous
components of the proposed action (e.g., lighted vessel at night).

Implementation of Alternative A or B would have no significant impact on seabirds and no effect on
ESA-listed species or populations (Table ES-5). However, site-specific mitigation and monitoring
measures should be considered if nesting or breeding colonies of ESA-listed seabirds or other sensitive
aggregations or habitat-use areas for seabirds are found to be located near actual proposed seismic survey

lines.

Table ES-5. Summary of Potential Impacts to Seabirds with Implementation of Alternative A or

Alternative B

Analysis ESA-listed Species*
Area or Family Alternative A or B
DAAs
Low numbers of birds potentially displaced by physical
presence of vessel.
Potential for TTS, PTS, injury, lethal effects < several m
from airguns unknown but not expected.**
NW Loons, grebes, petrels/shearwaters, pelicans, Petrels/shearwaters and alcids possibly attracted to
Atlantic gannets/boobies, cprmorants, gulls, terns/noddies vessel I_|ghts at r!sk for coII|S|or_1. _
(roseate tern), alcids, seaducks For alcids that dive to escape disturbance, potential
collision with vessel or gear.
No effect to ESA-listed species.
No significant impacts expected at the population level
for all seabird species.
Grebes, petrels/shearwaters, tropicbirds, pelicans, s b
Caribbean gannets/boobies, gulls, terns/noddies (roseate tern), ame as above. .
seaducks No significant impacts expected at the population level.
Loons, grebes, albatrosses, petrels/shearwaters,
S California tropi(_:birds, pelicans (brown pelican),_gannet_s/ Same as above.
boobies, cormorants, gulls, terns/noddies, alcids No significant impacts expected at the population level.
(marbled murrelet), seaducks
W Gulf Loons, grebes, albatrosses (short-tailed albatrosg), Same as above.
of Alaska petr els/shearwaters, cormorants, gulls, terns/noddles, No significant impacts expected at the population level
alcids (marbled murrelet), seaducks (Steller eider) )
Galapagos Albatrosse_s, petrels/shearwaters, gannets/boobies, Same as above.
terns/noddies No significant impacts expected at the population level
QAAs
Loons, grebes, albatrosses (short-tailed albatross),
- Same as above.
BC Coast petrels/shearwaters, cormorants, gulls, terns/noddies, No sianificant i ¢ ted at th lation level
alcids (marbled murrelet), seaducks o significant impacts expected at the population leve
Mid-Atlantic | Loons, petrels/shearwaters, cormorants, gulls, Same as above.
Ridge terns/noddies, alcids No significant impacts expected at the population level
Albatrosses (short-tailed albatross), Same as above
Marianas petrels/shearwaters, tropichirds, gannets/boobies, :

gulls, terns/noddies, alcids, seaducks

No significant impacts expected at the population level.

Sub-Antarctic

Petrels/shearwaters, diving-petrels, gannets/boobies,

gulls, terns/noddies

Same as above.
No significant impacts expected at the population level.

Loons, grebes, petrels/shearwaters, pelicans,

N Atlantic/ . . Same as above.
gannets/boobies, cormorants, gulls, terns/noddies, L . .
Iceland alcids. seaducks No significant impacts expected at the population level.
SW Atlantic Petrels/shearwaters, pelicans, gannets/boobies, gulls, Same as above.
terns/noddies, alcids, seaducks No significant impacts expected at the population level.
W India Petrels/shearwaters, cormorants, gulls, terns/noddies, Same as above.

seaducks

No significant impacts expected at the population level.
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Table ES-5. Summary of Potential Impacts to Seabirds with Implementation of Alternative A or
Alternative B

Analysis ESA-listed Species*
Area or Family Alternative A or B
. Tropichirds, gannets/boobies, Terns/noddies (roseate | e Same as above.
W Australia ST . .
tern) o No significant impacts expected at the population level.

Notes: *ESA-listed species in bold font.
**As determined from the lack of any published data of such effects, together with observational data by PSVOs with LGL Ltd. during
numerous seismic surveys throughout the world, suggesting that seabirds do not remain in the water near the airgun array where they would
be at risk of injury.

ES.7.5 Marine Mammals: Cetaceans: Mysticetes

The potential impacts on mysticetes with implementation of Alternative A or Alternative B (Preferred
Alternative) are summarized in Table ES-6. With implementation of the proposed monitoring and
mitigation measures, unavoidable impacts to mysticetes under Alternative A or B are expected to be
limited to short-term behavioral disturbance and short-term localized avoidance of the area near the active
airguns. This is expected to have no significant short- and long-term impacts on individual mysticetes,
their habitats, and regional populations within the exemplary analysis areas.

Based on empirical studies, mysticetes are expected to avoid exposure to seismic sounds levels >180 dB
re 1 pPa (rms), and these avoidance behaviors typically begin at lower received sound levels.
Furthermore, modeling indicates that no Level A exposures of mysticetes would occur under Alternative
A or B based on the more realistic cumulative energy exposure criterion. However, because the modeled
potential Level A (rms) exposures would be of concern and involve ESA-listed species, further site-
specific consultation with NMFS would occur. If and when a specific NSF-funded survey or a survey to
be conducted by USGS is proposed for a specific area in the future, in accordance with ESA and MMPA,
site-specific consultations with NMFS and USFWS would occur if necessary, as well as the preparation
of any other appropriate tiered supporting environmental documentation (e.g., EA). Overall, the primary
anticipated impacts to mysticetes with implementation of Alternative A or B are:

e Small numbers of mysticetes are modeled or would be expected to experience Level B behavioral
disturbance in all of the DAAs and potentially all eight of the QAAs. However, this is not expected
to result in any long term or significant consequences to disturbed individuals or their populations.
The S California DAA is the only site where mysticetes are not likely to be disturbed by the
proposed seismic survey activities. This is due primarily to the near-zero estimated mysticete
densities at the season (late spring/early summer) of the exemplary survey, the proposed small
airgun array, and the acoustic characteristics of the S California DAA.

e Modeling predicts that, under Alternative A and Alternative B (Preferred Alternative), a small
number of Level A exposures could occur in the W Gulf of Alaska DAA based on the current 180
dB re 1 pPa (rms) NMFS criterion, despite proposed mitigation and monitoring. However, no or
insignificant (<0.019 whales) Level A exposures are expected to occur based on the more realistic
cumulative energy exposure criterion. Cumulative energy (SEL) is now considered a more
appropriate metric for assessing potential exposure of mysticetes to pulsed underwater sounds.
Furthermore, Level A effects are highly unlikely to occur during a seismic survey, as mysticetes are
expected to avoid exposure to seismic sound levels that could actually result in Level A exposures.
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Table ES-6. Summary of Potential Impacts to Mysticetes with Implementation of Alternative A or Alternative B (Preferred Alternative) in

the DAAs
DAA Whale Species® Alternative A or B® |
NwW N Atlantic right, Humpback, Limited to insignificant number of short-term Level B behavioral effects in shallow water. Likely to adversely affect ESA-listed
Atlantic Minke, Sei, Fin species or their populations and consultation with NMFS required.
Humpback, Fin Limited to insignificant number of shori-terrn Level B behav_ioral effects in shallow water. Likely to adversely affect ESA-listed
Caribbean _ : ' humpbaci< and fm_whaleg and consultation wnh NMFS rgqmred. _ _
Minke, Sei, Blue Effects highly unlikely given expected 0 density™. Not likely to adversely affect ESA-listed species.
Bryde’s Limited to small number of short-term Level B behavioral exposures.
N Pacific right, Bryde’s, Sei,
S Fin, Blue, E Pacific gray, Effects highly unlikely given expected 0 densities.®
California Humpback
Minke Limited to insignificant number of short-term Level B behavioral exposures.
N Pacific right Limited to s_mall number of short-term Level B behavioral exposures and likely to adversely affect right whales; consultation with
NMES required.
E Pacifi . Small number of Level B behavioral changes likely; Level A effects possible but highly unlikely--whales expected to avoid such
acific gray, Minke -
exposure. No modeled Level A (SEL) cumulative energy exposure.
W Gulf Limited to short-term Level B behavioral exposures. Likely to adversely affect ESA-listed humpback and fin whales and consultation
of Alaska with NMFS required. Level A effects possible but highly unlikely--whales expected to avoid such exposure. No Level A (SEL)
Humpback, Fin cumulative energy exposure predicted. No effects expected at population level. However, given species’ ESA status, common
occurrence, and modeled small number of Level A (rms) exposures, further site-specific consultation with NMFS and tiered EA/OEA
to be prepared when a seismic survey is definitively proposed in the future.
Sei, Blue Effects highly unlikely given expected 0 density™.
Humpback, Minke Effects highly unlikely given expected 0 density®.
Bryde’s Small number of Level B behavipral changes likely primarily in deep Wate_r; insignificant number® of Level A (rmg) exposures. No
Galapagos modeled Level A (SEL) cumulative energy exposure. Level A exposures highly unlikely as whales expected to avoid such exposure.
Ridge Sei, Fin Effects highly unlikely given expected 0 density™.
Blue Limited to small number of short-term Level B behavioral exposures and likely to adversely affect blue whales; consultation with

NMEFS required.

@No effects expected at population level for any species. Insignificant number = >0.0 / <1.0 individual exposed representing <1% of estimated regional population size. Small number =>0.0 / <3.1% of
estimated regional population size exposed. bold = ESA-listed species.
®See Appendix B, Annex 4 Tables A4-1 — A4-6 for estimated densities in the DAAs based on best available data.
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Operation of MBESs, SBPs, and pingers is not likely to impact mysticetes. The intermittent and narrow
downward-directed nature of the MBES and SBP acoustic sources would result in no more than one or
two brief ping exposures of any individual mysticete given the movement and speed of the vessel; such
brief exposure to this sound is not expected to cause injury or PTS based on results of limited studies of
some odontocete species. The streamer and core-mounted pingers are also highly unlikely to affect
mysticetes given their intermittent nature, short-term and transitory use from a moving vessel, relatively
low source levels, brief signal durations, and in the case of ancillary core sampling their relatively
infrequent use.

ES.7.6 Marine Mammals — Cetaceans: Odontocetes

The potential impacts on odontocetes with implementation of Alternative A or Alternative B (Preferred
Alternative) are summarized in Tables ES-7 and ES-8. Overall, the primary anticipated impacts to
odontocetes with implementation of Alternative A or Alternative B (Preferred Alternative) are:

e Small numbers of odontocetes are modeled or would be expected to experience Level B
exposures at all five DAAs and potentially all eight QAAs. These numbers represent <1.0% of
regional populations of most species. The exception is Stenella spp. in the NW Atlantic and
Caribbean DAAs where up to approximately 2.7% of the regional population could experience
Level B behavioral disturbance.

e In general, modeling results indicate that large airgun arrays operating in shallow water where
odontocetes are common to abundant would cause the highest numbers of short-term Level B
exposures.

e No short- or long-term significant impacts are expected on odontocete populations or their
habitats, including ESA-listed sperm whales, as a result of implementation of Alternative A or B.

e Modeling suggests that no cumulative energy exposures of odontocetes to >198 dB re 1 puPa*sec
(SEL), the Level A criterion used in this analysis, would occur in any of the analysis areas.

e  Small numbers of individuals representing approximately <0.1% of regional populations of some
odontocetes are predicted to be exposed to the NMFS Level A criterion of >180 dB re 1 pPa
(rms). Predicted Level A exposures would be similar for the two alternatives except for a few
individuals of common to abundant delphinid species at the NW Atlantic and W Gulf of Alaska
DAAs.

e No TTS and no potential injury (e.g., PTS) are expected to occur during the exemplary seismic
surveys. Many odontocetes are expected to avoid exposure to seismic sound levels that could
potentially cause these effects. The model used for analyses does not account for this expected
behavioral avoidance and thus is precautionary. These avoidance behaviors typically begin at
lower received sound levels. Moreover, modeling indicates that no Level A exposures of
odontocetes would occur under Alternative A and Alternative B based on the more realistic
cumulative energy (SEL) exposure criterion (Tables ES-7 and ES-8).
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Table ES-7. Summary of Potential Impacts to Odontocetes with Implementation of Alternative A or B in the DAAs

DAA Species Alternative A
Small number @ of short-term Level B exposures. Negligible™ NMFS Level A (rms) exposures primarily in
shallow water. No modeled Level A (SEL) cumulative energy exposures. No Level A exposures expected in
Sperm whale actual seismic survey due to proposed mitigation and monitoring measures and behavioral avoidance, but
analysis model does not account for avoidance. Further site-specific consultation with NMFS would be required
for actual seismic survey due to ESA status.
Beaked whales Small number® short-term Level B exposures in shallow water.
NW Atlantic Small number® short-term Level B exposures primarily in shallow water. Small number® Level A (rms)
Common, bottlenose, and | exposures of common & bottlenose dolphins in shallow water. No modeled Level A (SEL) cumulative energy
Stenellid dolphins exposures. No Level A exposures expected in actual seismic survey due to proposed mitigation measures and
behavioral avoidance but analysis model does not account for avoidance.
Other mid-frequency(MF) | Small number® short-term Level B exposures. No modeled Level A exposures.
odontocetes
High-frequency (HF) Effects highly unlikely given expected zero densities. No modeled Level A or B exposures.
porpoises
Sperm whale Small number® short-term Level B exposures. No modeled Level A exposures.
Beaked whales Effects highly unlikely given expected zero densities. No modeled Level A or B exposures.
Small number® short-term Level B exposures primarily in shallow water. Small number Level A (rms)
. Common , bottlenose, and | exposures of primarily Atlantic spotted dolphins in shallow water. No modeled Level A (SEL) cumulative energy
Caribbean - - . L A
Stenellid dolphins exposures. No Level A exposures expected in actual seismic survey due to proposed mitigation measures and
behavioral avoidance, but analysis model does not account for avoidance.
Small number® short-term Level B exposures of mostly pilot whales primarily in shallow water. No Level A
Other MF odontocetes RN . .
exposure modeled or expected due to proposed mitigation measures and behavioral avoidance.
Beaked whales See above.
. Small number® short-term Level B exposures in shallow water. No Level A exposures modeled or expected due
Common dolphins L . .
to proposed mitigation measures and behavioral avoidance.
Small number® short-term Level B exposures and modeled Level A (rms) exposures of only Pacific white-sided
S California dolphins in shallow water. No modeled Level A (SEL) cumulative energy exposures. No Level A exposures
Other MF odontocetes . . T . . .
expected in actual seismic survey due to proposed mitigation measures and behavioral avoidance, but analysis
model does not account avoidance.
. Small number® short-term Level B exposures of only Dall’s porpoises in shallow water. No Level A exposures
HF porpoises e : .
modeled or expected due to proposed mitigation measures and behavioral avoidance.
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Table ES-7. Summary of Potential Impacts to Odontocetes with Implementation of Alternative A or B in the DAAs

DAA Species Alternative A
Sperm whale Smgll qumber(a) short-term Lev_eI B exposures. No Level A exposures modeled or expected due to proposed
mitigation measures and behavioral avoidance.
Beaked whales See sperm whale above.
W Gulf of Other ME odontocetes Small number® Level B behavioral effects of killer whales and Pacifip white—sided dolphins primgrily in s_hallow
Alaska water. No Level A exposures modeled or expected due to planned mitigation measures and behavioral avo!dange.
Small number® short-term Level B exposures and small number modeled Level A (rms) exposures of primarily
. Dall’s porpoises in shallow water. No modeled Level A (SEL) cumulative energy exposures. No Level A
HF porpoises . . S : .
exposures expected in actual seismic survey due to proposed mitigation measures and behavioral avoidance, but
analysis model does not account for avoidance.
Sperm whale See sperm whale above.
Beaked whales See sperm whale above
Small number® short-term Level B exposures. Small number modeled Level A (rms) exposures of only Stenellid
Galapagos Common, bottlenose, and | dolphins in shallow water. No modeled Level A (SEL) cumulative energy exposures. No Level A exposures
Stenellid dolphins expected in actual seismic survey due to proposed mitigation measures and behavioral avoidance, but analysis
model does not account for avoidance.
Other MF odontocetes See sperm whale above.

Notes: @ Small number = <2.1% of estimated regional population size exposed.
® Negligible number: for non-listed species = 0.5- <1.0 individual exposed representing <1.0% of estimated regional population size; for ESA-listed species = 0.05-<0.5
individual exposed representing <0.01% of estimated regional population size.

Table ES-8. Summary of Potential Impacts to Odontocetes with Implementation of Alternative A in the QAAs

QAA Species Alternative A

Small number® short-term Level B exposures likely. No

BC Coast Sperm whale, beaked whales, other MF odontocetes, HF porpoises | Level A exposures expected in actual seismic survey due to
planned mitigation measures and behavioral avoidance

Mid-Atlantic Ridge | Sperm whale, beaked whales, other MF odontocetes See above.

Marianas Sperm whale, beaked whales, other MF odontocetes See above.

Sub-Antarctic Sperm whale, beaked whales, other MF odontocetes, HF porpoises | See above.

N Atlantic/Iceland | Sperm whale, beaked whales, other MF odontocetes, HF porpoises | See above.

SW Atlantic Sperm whale, beaked whales, other MF odontocetes, HF porpoises | See above.

W India Sperm whale, beaked whales, other MF odontocetes See above.

W Australia Sperm whale, beaked whales, other MF odontocetes See above.

Notes: bold = ESA-listed species
@ For the purpose of analysis, for non-listed species, only predicted exposures >0.5 animal as presented in Appendix Tables B-14 — B-25 are considered an actual
exposure. For ESA-listed species, only predicted exposures >0.05 animal as presented in Appendix Tables B-14 — B-25 are considered an actual exposure.
® Small number = <2-3% of estimated regional population size.
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Operation of MBESs, SBPs, and pingers is not likely to impact odontocetes. The intermittent and narrow
downward-directed nature of the MBES and SBP acoustic sources would result in no more than one or
two brief ping exposures of any individual odontocete given the movement and speed of the vessel; such
brief exposure to this sound is not expected to cause injury or PTS based on results of limited studies of
some odontocete species. The streamer and core-mounted pingers are also highly unlikely to affect
odontocetes given their intermittent nature, their short-term and transitory use from a moving vessel, their
relatively low source levels, their brief ping durations, and in the case of ancillary core sampling their
relatively infrequent use.

In summary, implementation of Alternative A or B, with the proposed monitoring and mitigation
measures, is likely to result in minor short-term and localized behavioral disturbance of small numbers of
individual odontocetes. These temporary effects are not anticipated to result in any significant long-term
or population-level impacts on odontocete populations. The numbers of individual odontocetes modeled
or estimated to be exposed to the current NMFS Level B criterion of >160 dB re 1 pPa (rms) during the
exemplary surveys would be small in relation to regional population sizes. No PTS or other potential
injury of odontocetes is anticipated during an actual seismic survey under Alternative A or B with
proposed mitigation and monitoring measures. If and when a specific NSF-funded survey or a survey to
be conducted by USGS is proposed for a specific area in the future, in accordance with ESA and MMPA,
site-specific consultations with NMFS and USFWS would occur if necessary, as well as the preparation
of any other appropriate tiered supporting environmental documentation (e.g., EA).

ES.7.7 Marine Mammals — Pinnipeds

The potential impacts on pinnipeds with implementation of Alternative A or Alternative B (Preferred
Alternative) are summarized in Table ES-9. Pinnipeds are absent or rare in the areas where some seismic
surveys would occur. Overall, the primary anticipated impacts to pinnipeds with implementation of
Alternative A or Alternative B (Preferred Alternative) are:

e Small numbers of individual pinnipeds are predicted to be exposed to >160 dB re 1 pPa rms at
three of the five DAASs; these numbers represent <1.0% of regional populations. However, many
of these exposed pinnipeds would not show any overt disturbance. These exposures are not
expected to result in any long-term or significant consequences to the affected individuals or their
populations.

e In general, modeling results indicate that large airgun arrays operating in shallow water where
pinnipeds are common to abundant would cause the highest numbers of short-term Level B
exposures.

o Small numbers of individuals representing <0.01% of regional populations of some pinnipeds are
predicted to be exposed to the NMFS Level A criterion of >190 dB re 1 puPa (rms) or SEL >186
dB re 1 pPa®- s in certain exemplary project areas under the simplifying assumptions of the
modeling.

e PTS and other injurious effects are not expected to occur during the actual seismic surveys. Most
pinnipeds are expected to avoid exposure to seismic sound levels that could potentially cause
these effects. The model used for analysis overestimates Level A exposures, because it does not
account for this expected behavioral avoidance and also does not allow for the higher TTS and
PTS thresholds of some pinnipeds.
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Table ES-9. Summary of Potential Impacts to Pinnipeds with Implementation of Alternative A or
Alternative B (Preferred Alternative)

Analysis Area

| Species or Group®” |

Alternative AY

DAA

Non-ESA listed

NW Atlantic o Effects highly unlikely given expected zero densities.?
pinnipeds
Caribbean No pinniped species -
Steller sea lion, Effects highly unlikely given expected zero densities.” No effect on ESA-
s California Guadalupe fur seal listed species or their populations.
Non-ESA listed No significant impacts; limited to small number® of short-term Level B
pinnipeds behavioral exposures. No modeled Level A exposures.
May affect, likely to adversely affect ESA-listed species; consultation with
NMFS required. Limited to small number® of short-term Level B
Steller sea lion behavioral exposures; <1 modeled Level A exposure but highly unlikely to
occur in actual seismic survey as pinnipeds expected to avoid such
W Gulf
exposure (see text).
of Alaska

Non-ESA listed
pinnipeds

Limited to small number® of short-term Level B behavioral exposures;
small number of modeled Level A exposures are highly unlikely to occur in
actual seismic survey as pinnipeds expected to avoid such exposure (see
text).

Galapagos Ridge

No pinniped species

QAA

Steller sea lion

See W Gulf of Alaska DAA.

BC Coast Non-ESA listed See above
pinnipeds

Mid-Atlantic - . -

Ridge No pinniped species

Marianas No pinniped species -

Sub-Antarctic

Non-ESA listed

Level B behavioral effects possible but unlikely; Level A effects highly

pinnipeds unlikely as species are rare and expected to avoid such exposure.
N Atlantic/Iceland N_onjESA listed See BC Coast QAA.
pinnipeds
SW Atlantic No pinniped species -
W India No pinniped species -
W Australia Australian sea lion See Sub-Antarctic QAA.

UNo significant effects expected at population level for any species. Bold = ESA-listed species.
@see Appendix B, Annex 4 for estimated marine mammal densities in the DAAs.
© Small number (<1%) of estimated regional population size exposed.

Although the MBESs, SBPs, and pingers can presumably be heard by pinnipeds, their operation is not
likely to affect pinnipeds. The intermittent and narrow downward-directed nature of the MBESs and SPBs
would result in no more than one or two brief ping exposures of any individual pinniped given the
movement and speed of the vessel and animal; such brief exposure to this sound is not expected to cause
injury or PTS based on results of limited studies of some pinniped species (reviewed in Appendix E). The
streamer-mounted pingers and pingers used during coring are also highly unlikely to affect pinnipeds
given their intermittent nature, their short-term and transitory use from a moving vessel, their relatively
low source levels, their brief ping durations, and (in the case of ancillary core sampling) their relatively
infrequent use.

In summary, implementation of Alternative A or B is likely to result in minor short-term and localized
behavioral disturbance of small numbers of individual pinnipeds. These temporary effects are not
anticipated to result in any long-term or population-level effects on pinniped populations. The numbers of
individual pinnipeds estimated to be exposed to the current NMFS Level B criterion of >160 dB re 1 pPa
(rms) during the exemplary surveys would be small in relation to regional population sizes. No PTS or
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other potential injury of pinnipeds is anticipated during an actual seismic survey under Alternative A or B
with proposed mitigation and monitoring measures. No significant short- or long-term impacts are
expected on pinniped populations or their habitats, including ESA-listed species, as a result of
implementation of Alternative A or Alternative B (Preferred Alternative). If and when a specific NSF-
funded survey or a survey to be conducted by USGS is proposed for a specific area in the future, in
accordance with ESA and MMPA, site-specific consultations with NMFS and USFWS would occur if
necessary, as well as the preparation of any other appropriate tiered supporting environmental
documentation (e.g., EA).

ES.7.8  Other Marine Mammals (Sea Otter and W Indian Manatee)

Implementation of Alternatives A or B may result in minor short-term and localized behavioral
disturbance of individual sea otters and W Indian manatees (Table ES-10). The number of individuals of
these species estimated to be closely approached during the proposed seismic surveys is expected to be
very small to none and limited to the three DAAs and one QAA where they occur. No PTS or other
potential injury of these species is anticipated during an actual seismic survey under Alternative A with
proposed mitigation and monitoring measures. No significant short- or long-term impacts are expected on
ESA-listed species populations or their habitats as a result of implementation of Alternative A or B.

ES-10. Summary of Potential Impacts to Sea Otter and W Indian Manatee with Implementation of
Alternative A or Alternative B (Preferred Alternative)

Analysis Area |  Species | Alternative A or B

DAA

Potential short-term disturbance and localized displacement of individuals
West Indian possible, but species unlikely to occur in areas where seismic surveys would
Caribbean occur. Potential for TTS unknown, considered possible close to airguns but
manatee . ; A .
highly unlikely to occur. No significant impacts or adverse effects expected
on individuals or regional populations.

Potential short-term disturbance and localized displacement of individuals
possible, but species unlikely to occur in areas where seismic surveys would
S California Sea otter occur. Potential for TTS unknown, considered possible close to airguns but
highly unlikely to occur. No significant impacts or adverse effects expected
on individuals or regional populations.

Potential short-term disturbance and localized displacement of individuals
possible, but species unlikely to occur in areas where seismic surveys would
W Gulf of Alaska | Sea otter occur. Potential for TTS unknown, considered possible close to airguns but
highly unlikely to occur. No significant impacts or adverse effects expected
on individuals or regional populations.

QAA

Potential short-term disturbance and localized displacement of individuals
possible, but species unlikely to occur in areas where seismic surveys would
BC Coast Sea otter occur. Potential for TTS unknown, considered possible close to airguns but
highly unlikely to occur. No significant impacts or adverse effects expected
on individuals or regional populations.

Sounds from some of the MBESs and SBPs are within the frequency ranges detectable to W Indian
manatees and presumed detectable to sea otters. Short-term behavioral disturbance of these species may
occur during proposed seismic activities. However, no Level A exposures are expected. W Indian
manatees typically inhabit quite shallow coastal areas characterized by seabeds where seismic surveys are
not proposed to occur. Furthermore, the intermittent and downward-directed nature of the echosounder
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signals emitted from the transiting seismic vessel would result in no more than one or two brief ping
exposures to an animal that happened to occur under the vessel.

ES.7.9 Socioeconomics

Based on available information, there would be no significant impacts to socioeconomics with
implementation of Alternative A or Alternative B (Preferred Alternative) within the exemplary analysis
areas (Table ES-11). The analysis is limited to the DAAs and QAAs found within the U.S. EEZ.

Table ES-11. Summary of Potential Impacts to Socioeconomics with Implementation of
Alternative A or Alternative B (Preferred Alternative)
Analysis Area Alternative A or Alternative B
e Temporary, localized reduced fish catch to some species — not significant to commercial
fisheries.
e No significant impacts to commercial shipping, research and exploration activities,
subsistence hunting and fishing, and recreational fishing and boating.
e Temporary, localized reduced fish catch to some species — not significant to commercial
fisheries.
¢ No significant impacts to commercial shipping, research and exploration activities,
subsistence hunting and fishing, and recreational fishing and boating.
e Temporary, localized reduced fish catch to some species — not significant to commercial
W Gulf of fisheries.
Alaska ¢ No significant impacts to commercial shipping, research and exploration activities,
subsistence hunting and fishing, and recreational fishing and boating.

NW Atlantic

S California

ES.7.10 Cultural Resources

Based on available information, there would be no significant impacts to cultural resources with
implementation of Alternative A or B within the exemplary analysis areas (Table ES-12). The analysis is
limited to the DAAs and QAAs found within the U.S. EEZ.

Table ES-12. Summary of Potential Impacts to Cultural Resources with Implementation of
Alternative A or Alternative B (Preferred Alternative)
DAA Alternative A or Alternative B (Preferred Alternative)
 No significant impacts to archaeological resources.
e No traditional cultural resources present.
 No significant impacts to archaeological resources.
e No traditional cultural resources present.
W Gulf of Alaska | e No significant impacts to archaeological and traditional cultural resources.

NW Atlantic

S California

ES.7.11 Cumulative Impacts

The results of this cumulative impacts analysis indicate that there would not be any significant cumulative
effects to marine resources from the proposed NSF-funded or USGS marine seismic research. All seismic
cruises would be permitted according to the rules and regulations of the applicable agencies of U.S.
federal, state, and foreign governments.

While there are uncertainties about the location and timing of future human activities in combination with
the proposed seismic surveys at the programmatic EIS/OEIS level, cruise-specific EAs would be prepared
when a particular seismic research activity is proposed. A more detailed, cruise-specific cumulative
effects analysis would be conducted at the time of the preparation of the cruise-specific EAs, allowing for
the identification of other potential activities in the area of the proposed seismic survey that may result in
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cumulative impacts to environmental resources. These cruise-specific EAs would also take into
consideration the seasonal distribution of marine resources and acoustic properties of a proposed site to
develop site-specific mitigation measures. These additional mitigation measures would be followed to
ensure that potential cumulative impacts do not become significant. For example, if noise modeling
results indicate that Level A injury impacts to marine mammals or threatened and endangered species
may occur, then additional mitigation measures would be added to the cruise parameters to reduce or
eliminate Level A impacts or the potential for injury.
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Acronyms and Abbreviations
2-D two-dimensional hr hour(s)
3-D three-dimensional Hz hertz
4-D four-dimensional IAGC International Association of Geophysical
ADCP acoustic Doppler current profiler Contractors
ADEH Australian Department of Environment IHA Incidental Harassment Authorization
and Heritage in® cubic inches
ADFG Alaska Department of Fish and Game IODP Integrated Ocean Drilling Program
AEWC Alaska Eskimo Whaling Commission ITS Incidental Take Statement
AIM Acoustic Integration Model IUCN International Union for the Conservation of
AWOIS Automated Wreck and Obstruction Nature
Information System IwC International Whaling Commission
BA Biological Assessment kg kilogram(s)
BC British Columbia kHz kilohertz
BLI BirdLife International km kilometer(s)
BO Biological Opinion kt knot or nautical mile per hour
°Cc degrees Celsius Ibs pounds
CccC Caribbean Conservation Corporation L-DEO Lamont-Doherty Earth Observatory
CDFG California Department of Fish and Game LF low-frequency
CEQ Council on Environmental Quality LME Large Marine Ecosystem
CETAP Cetacean and Turtle Assessment Program LOA Letter of Authorization
CFR Code of Federal Regulations m meter(s)
CITES Convention on International Trade in MBES multibeam echosounder
Endangered Species MCS Multichannel Seismic
cm centimeter(s) MF mid-frequency
COSEWIC Committee on the Status of Endangered Myt M-weighted, high frequency
Wildlife in Canada mi mile(s)
CPA closest point of approach min minute(s)
CSLC California State Lands Commission M M-weighted, low frequency
DAA detailed analysis area MMC Marine Mammal Commission
dB decibel(s) M e M-weighted, mid-frequency
dBre 1 uPa-m  dB referenced 1 microPascal at 1 meter MMPA Marine Mammal Protection Act
dBrelpuPa®-s decibels referenced 1 microPascal MMS Minerals Management Service
squared second MONM Marine Operations Noise Model
DFOC Department of Fisheries and Oceans Canada Mpw M-weighted, pinnipeds in water
DPS Distinct Population Segment ms millisecond(s)
DSDP Deep Sea Drilling Project MSA Magnuson-Stevens Act
E East/Eastern MZ mitigation zone
EA Environmental Assessment N North/Northern
ECORD European Consortium for Ocean Research NAMMCO North Atlantic Marine Mammal
Drilling Commission
EEZ Exclusive Economic Zone NAVFAC Naval Facilities Engineering Command
EFH Essential Fish Habitat NEPA National Environmental Policy Act
EIS Environmental Impact Statement NHPA National Historic Preservation Act
EO Executive Order NJDEP New Jersey Department of Environmental
ESA United States Endangered Species Act Protection
ESU Evolutionary Significant Unit nm nautical mile(s)
ETP Eastern Tropical Pacific NMFS National Marine Fisheries Service
FAO Food and Agriculture Organization NOA Notice of Availability
FM frequency modulated NOAA National Oceanic and Atmospheric
FMZ full mitigation zone Administration
ft foot/feet NRC National Research Council
GEO Directorate for Geosciences NRHP National Register of Historic Places
Gl generator-injector NSF National Science Foundation
HE high-frequency NVD night vision device
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NW Northwestern SHPO State Historic Preservation Office
OBC ocean bottom cable SIO Scripps Institution of Oceanography
OBS/H ocean bottom seismometer/hydrophone SObV Scientific Ocean Drilling Vessel
OCs Outer Continental Shelf SPL sound pressure level
ODP Ocean Drilling Program spp. species
OEIS Overseas Environmental Impact Statement SSP sound speed profile
OGP International Association of Oil & Gas Producers SW Southwestern
OPP Office of Polar Programs TTS temporary threshold shift
OPR Office of Protected Resources UAF University of Alaska-Fairbanks
PAM passive acoustic monitoring UNEP United Nations Environment Programme
PFMC Pacific Fishery Management Council UNOLS University-National Oceanographic
psi pounds per square inch Laboratory System
PSVO Protected Species Visual Observer U.S. United States
PTS permanent threshold shift USACE U.S. Army Corps of Engineers
QAA qualitative analysis area USC United States Code
rms root mean square USCG U.S. Coast Guard
ROD Record of Decision USFWS U.S. Fish and Wildlife Service
RIV Research Vessel USGS U.S. Geological Survey
S South/Southern usIo U.S. Implementing Organization
SAUP Sea Around Us Project UTA University of Texas-Austin
SBP sub-bottom profiler VSP vertical seismic profile
sec second(s) W West/Western
SE southeastern WHOI Woods Hole Oceanographic Institution
SEL sound exposure level
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GLOSSARY

Term

Definition

2-dimensional (2-D)
and
3-D seismic surveys

Airguns are the acoustic source for most 2-D and 3-D marine seismic surveys. Their individual
size can range from tens to several hundred in®. A combination of airguns is called an airgun
array, and investigators configure an array to optimize the resolution of the geophysical data
collected in support of the particular research objectives. 3-D seismic surveys generally require
more equipment than 2-D surveys. By using a greater number of channels and flexible
configuration, 3-D seismic data provide more extensive and detailed information regarding the
subsurface geology than do 2-D data.

e A 3-D source array typically consists of 2-3 subarrays of 6-9 airguns each. A vessel usually
tows 1-2 source arrays, depending on the scientific objectives of the survey. The arrays
usually are aligned parallel with one another and towed 50-200 m behind the vessel. In a 3-D
survey, the firing of the source arrays alternates. Following behind the source arrays by
another 100-200 m are multiple (4-12) hydrophone streamers, and each streamer can be up
to 3-8 km long. Collectively, the streamers may be spread out over a width of 400-900 m.
The 3-D survey data are acquired on a line-by-line basis, whereby the vessel continues down
a trackline to provide adequate subsurface coverage for the survey area. Adjacent ship
tracklines for a 3-D survey are typically spaced a few hundred meters apart and are parallel
to each other across the survey area. Survey lines are normally traversed in a racetrack or
“mowing the lawn” pattern.

e Marine 2-D surveys use similar geophysical-survey techniques as 3-D surveys, but the mode
of operation is very different. The 2-D surveys are designed to provide a less-detailed,
coarser sampled subsurface image compared to 3-D surveys, and they are conducted over
wide areas or on a regional basis. The airguns are usually arranged in a single airgun array
(often with 2-4 subarrays), but all airguns are fired simultaneously. Following behind the
source array is a single hydrophone streamer up to 8-12 km long, depending on the
geophysical objectives of the survey. The 2-D surveys acquire data along single track lines
that are spread at wide intervals compared to 3-D surveys, which acquire data in a closely
packed rectangular area. Therefore, considerably less acoustic energy is used in a given area
during a 2-D as compared to a 3-D survey.

Acoustics

The scientific study of sound, especially of its generation, transmission, and reception.

Acoustic Integration
Model (AIM)

An animal movement and acoustics model that integrates information on the estimated
propagation of sound from an underwater acoustic source and on the assumed movement patterns
of simulated animals (animats) to predict the anticipated frequency distribution of received sound
levels. Predicted sound levels at specific locations are derived from another acoustical model,
such as MONM (see below). This calculates the expected levels of sound received, as a function
of time, by a population of “animats”. Animats are modeled representations of marine mammals
(or other receivers). A large sample of animats is programmed to move in a way that takes
account of species- or group-specific information such as density, seasonal occurrence, habitat
preferences, group size, and swimming and dive behavior. There is provision to calculate
received sound levels with allowance for the hearing abilities of the animals in question, via
application of appropriate frequency weighting curves (e.g., M-weighting, see below). The
resulting distribution of predicted received sound levels can be used, in conjunction with impact
or “take” criteria, to predict the number of animals that might be exposed to specified sound
levels.

Airgun

A pneumatic device used as an acoustic source to acquire marine seismic data. It is submerged
below the water surface and towed behind a ship, usually as part of an array consisting of a
number of airguns. An airgun array is a series of two or more airguns that are most often towed
in single or multiple lines behind a surface vessel that can be “tuned” by their geometry and
interference so that the seismic signal is primarily directed downward. Upon being triggered, an
airgun releases a specified volume of pneumatically compressed air into the water. The
expansion and collapse of the resulting bubble serves to generate a pulse of acoustic energy that
travels spherically outward from the airgun. When airguns are positioned optimally within an
array, most of the energy can be directed downward into the seafloor. The return signals that are
reflected off the seafloor and from discontinuities in the subsea geological structures are received
by a towed array of hydrophones located in streamers.
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Alternative In the context of a NEPA document (i.e., an EA or EIS), a different method for accomplishing

the Proposed Action. As examples, an alternative can consist of the same action in a different
location, or the use of different mitigation measures.

Ambient noise

The typical or persistent environmental background noise present in the ocean, with contributions
from natural sources (wind, waves, rain, animal sounds, earthquakes, etc.) and, often, from
distant and indistinguishable anthropogenic sources such as shipping. Sound from specific nearby
anthropogenic activities is usually not considered to be part of the ambient noise.

Anadromous

Species of fish that are born in fresh water, migrate as juveniles to the ocean and grow into
adults, and then return to fresh water to spawn.

Anthropogenic noise

Noise related to, or produced by, human activities.

Baleen whale

Whales with parallel rows of fibrous plates that hang from the upper jaw and are used for filter
feeding. Also known as mysticetes (see Mysticete below).

Bathymetry

The water depth at various places in a body of water; the information derived from measurements
to determine water depth.

Behavioral effect

Defined in this EIS/OEIS as a change in an animal’s behavior or behavior patterns that results
from exposure to some stimulus (e.g., an anthropogenic acoustic exposure) and exceeds some
defined criterion (e.g., extends beyond the range of normal daily variation in behavior).

Benthic Referring to the bottom-dwelling community of organisms that live on or in either the sea bottom
or such structures as ships, buoys, and wharf pilings (e.g., crabs, clams, worms).

Boomer A low-energy towed device used as an acoustic source to acquire marine seismic data. The
acoustic pulse is generated whn an electrical signal discharges a capacitor bank causing two
spring-loaded, electrically charged plates in the boomer transducer to repel, creating a precisely
repeatable pressure pulse primarily directed downward to the seafloor.

Cetacea or An order of aquatic mammals including baleen whales (Mysticetes, see below) and toothed

cetacean whales, dolphins, and porpoises (Odontocetes, see below). Also see Figure G-1 below.

Chirp system

Chirp refers to a variety of pulsed sonar systems capable of conducting high-resolution reflection
profiling of the sub-bottom using low energy acoustic sources with a nominal frequency range of
a few kilohertz up to several tens or hundreds of kilohertz. Often chirp data are collected by
sweeping through a range of frequencies in a single pulse, but some systems referred to as chirp
may be associated with only a single frequency.

Council on
Environmental
Quality

(CEQ)

A federal council that coordinates federal environmental efforts and works closely with federal
agencies and other White House offices to develop environmental policies and initiatives.
Established by the U.S. NEPA (see below), the CEQ consists of three members appointed by the
President. CEQ regulations (Title 40 CFR 1500-1508) describes the process for implementing
NEPA, including preparation of EAs and EISs, and the timing and extent of public participation.

Critical Habitat

Critical habitat is defined in section 3 of the U.S. ESA as (1) the specific areas within the
geographical area occupied by a species, at the time it is listed in accordance with the ESA, on
which are found those physical or biological features (i) essential to the conservation of the
species and (ii) that may require special management considerations or protection; and (2)
specific areas outside the geographical area occupied by a species at the time it is listed, upon a
determination that such areas are essential for the conservation of the species.

Cumulative impact

The impact on the environment which results from the incremental impact of the action when
added to other past, present, and reasonably foreseeable future actions regardless of what agency
(federal or non-federal) or person undertakes such other actions. Cumulative impacts can result
from individually minor but collectively significant actions taking place over a period of time.

Decibel (dB) A relative unit used to describe sound intensities. It is used to express the relative difference,
usually between acoustic or electrical signals, equal to 10 or 20 times the common logarithm of
the ratio of the two quantities. Since the dB scale is logarithmic and not linear, a 20-dB sound is
10 times louder than a 10-dB sound, a 30-dB sound is 100 times louder than a 10-dB sound.

Demersal Living at or near the bottom of a waterbody, but having the capacity for active swimming. Term

used particularly when describing various fish species.
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Detailed Analysis In this EIS/OEIS, a geographic area where effects on marine mammals have been analyzed
Area (DAA) through consideration of a detailed site-specific sound propagation model and use of the AIM

(see above) to allow for the occurrence, distribution, and movements of marine mammals. Via
this process, the potential acoustic exposures of marine mammals expected during an exemplary,
or representative, marine seismic survey were estimated. Effects on other key biota occurring in
the same geographic area are evaluated in a more qualitative manner.

Distinct population
segment (DPS)

A vertebrate population or group of populations that is discrete from other populations of the
species and significant in relation to the entire species. The U.S. ESA provides for listing species,
subspecies, or DPSs of vertebrate species.

Endangered species

Under the U.S. ESA, any species that is in danger of extinction throughout all or a significant
portion of its range (ESA §3[6]).

Endangered Species
Act (ESA)

A U.S. federal law whose purpose is to protect and recover imperiled species and the ecosystems
upon which they depend. It is administered by the USFWS and the NMFS. The USFWS has
primary responsibility for terrestrial and freshwater organisms, but including manatees, polar
bears, walruses, sea otters, and nesting sea turtles, while the responsibilities of NMFS are mainly
marine wildlife including all cetaceans and sea turtles (in the marine stage), most pinnipeds, and
anadromous fish such as salmon. Under the ESA, species may be listed as either endangered or
threatened. The ESA also requires the designation of critical habitat for listed species (see
above).

Energy flux density

The energy traversing in a time interval over a small area perpendicular to the direction of the

level (EFDL) energy flow, divided by that time interval and by that area. EFDL is stated in dB re 1 pPa’-s for
underwater sound.

Epifauna Organisms living on the surface of the sediment/sea bed.

Essential Fish As identified in the U.S. Magnuson-Stevens Fishery Management and Conservation Act, those

Habitat (EFH) waters and substrate that are defined within Fishery Management Plans for federally managed

fish species as necessary to fish for spawning, breeding, feeding, or growth to maturity.

Evolutionary
Significant Unit

A species or stock that is substantially reproductively isolated from other stocks of the same
species and which represents an important part of the evolutionary legacy of the species. An ESU

(ESVU) is treated as a species for purposes of listing under the U.S. ESA. NMFS uses this designation.
Exclusive Economic A maritime zone adjacent to the territorial sea that may not extend beyond 200 nm from the
Zone (EEZ) baselines from which the breadth of the territorial sea is measured.

Federal Register

The official daily publication for actions taken by the U.S. federal government, such as Rules,
Proposed Rules, and Notices of federal agencies and organizations, as well as Executive Orders
and other Presidential documents.

Frequency

In acoustics, a description of the rate of vibration, measured in cycles per second. One cycle per
second is usually referred to as 1 hertz (Hz). Frequency is perceived by humans as pitch.

Full mitigation
zone (FM2Z)

An extended MZ encompassing the full region in which NMFS estimates that behavioral
disturbance, also called Level B harassment (see below), might occur. It also includes the smaller
MZ where Level A harassment might occur (see MZ and Level A harassment below). NMFS
usually assumes that behavioral disturbance may occur upon exposure to airgun sounds with a
received level 2160 dB re 1 pPa (rms).

Generator-injector
(Gl gun

A GI gun is a specialized kind of airgun that utilizes two, independently fired air chambers (the
‘generator’ and the ‘injector’, respectively) to tune the air bubble oscillation and minimize the
amplitude of the bubble pulse. The primary chamber (generator) produces a primary pulse, while
the secondary chamber (injector) injects a second pulse near the maximum expansion of the
primary pulse, which allows for near-total suppression of the bubble oscillation by preventing
bubble collapse. Using one or more Gl guns, the geophysicist can achieve very high peak-to-
bubble amplitude ratios without using an array of Gl guns. Gl guns are often used for shallow,
high-resolution seismic profiling.

Habituation
(behavioral)

Gradual waning of behavioral responsiveness over time as animals learn that a repeated or
ongoing stimulus lacks significant consequences for the animal.
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Harassment Two definitions of harassment are used in this EIS/OEIS, depending on context. Under the U.S.

ESA, harassment is an intentional or negligent act or omission which creates the likelihood of
injury to wildlife by annoying it to such an extent as to significantly disrupt normal behavioral
patterns which include, but are not limited to, breeding, feeding, or sheltering.

Under the 1994 Amendments to the U.S. MMPA, harassment is any act of pursuit, torment, or
annoyance which (a) has the potential to injure a marine mammal or marine mammal stock in the
wild (Level A harassment); or (b) has the potential to disturb a marine mammal or marine
mammal stock in the wild by causing disruption of behavioral patterns, including, but not limited
to, migration, breathing, nursing, breeding, feeding, or sheltering but which does not have the
potential to injure a marine mammal or marine mammal stock in the wild (Level B harassment).

High frequency

In this EIS/OEIS, frequencies greater than 10 kHz.

High-frequency

(HF) cetaceans

Species of cetaceans and pinnipeds have been assigned to 1 of 5 functional hearing groups based
on behavioral psychophysics, evoked potential audiometry, auditory morphology, and (for
pinnipeds) the medium in which they listen. Cetaceans account for 3 of the 5 groups, subdivided
according to differences in their measured or estimated hearing characteristics. HF cetaceans are
the minority of the odontocete (toothed whale) species whose hearing is optimal at exceptionally
high frequencies. The HF cetaceans include all true porpoises, river dolphins, and members of
the genera Kogia and Cephalorhynchus, plus the franciscana dolphin. “Functional” hearing in
this group has been estimated to occur between 200 Hz and 180 kHz. Refer to Southall et al.
(2007) for more information.

Hydrophone Essentially an underwater microphone, a hydrophone is an underwater receiver used to detect the
pressure change caused by sound waves propagating through the water. That pressure is
converted to electrical energy which can be recorded or measured.

Incidental An accidental taking. This does not mean that the taking is unexpected, but rather it includes

harassment those takings that are infrequent, unavoidable, or accidental.

Incidental In 1994, the U.S. MMPA was amended to establish an expedited process by which citizens of the

Harassment U.S. can apply for an authorization to incidentally take small numbers of marine mammals by

Authorization
(IHA)

"harassment”, referred to as IHAs (16 USC 1371 et seq.). IHAs will be granted if the harassment
will have a negligible impact on the affected species or stock and will not have an unmitigable
adverse impact on the availability of such species or stock for taking for subsistence uses. It must
also lay out the permissible methods of taking and requirements for the monitoring and reporting
of such taking. It established specific time limits for public notice and comment on any requests
for authorization which would be granted under this provision.

Infauna

Animals living within the sediment.

Letter of
Authorization
(LOA)

The U.S. MMPA provides for “incidental take authorizations” for maritime activities, provided
NMFS finds that the takings would be of small numbers, would have no more than a negligible
impact on the affected marine mammal species or stock, and would not have an unmitigable
adverse impact on the availability of such species or stock for taking for subsistence uses. These
"incidental take" authorizations, or LOAs, require that regulations be promulgated and published
in the Federal Register outlining: (a) permissible methods and the specified geographical region
of taking; (b) the means of effecting the least practicable adverse impact on the species or stock
and its habitat and on the availability of the species or stock for "subsistence™ uses; and, (c)
requirements for monitoring and reporting, including requirements for the independent peer-
review of proposed monitoring plans where the proposed activity may affect the availability of a
species or stock for taking for subsistence uses.

Level A harassment

Under the U.S. MMPA, Level A harassment includes any act that injures or has the significant
potential to injure a marine mammal or marine mammal stock in the wild.

Level A harassment

zone

Extends from the source out to the distance and exposure at which the slightest amount of injury
is predicted to occur. The acoustic exposure that produces the slightest degree of injury is
therefore the threshold value defining the outermost limit of the Level A harassment zone.

Level B harassment

Level B harassment is any act that disturbs or is likely to disturb a marine mammal or marine
mammal stock in the wild by causing disruption of natural behavioral patterns, including, but not
limited to, migration, surfacing, nursing, breeding, feeding, or sheltering to a point where the
patterns are abandoned or significantly altered. Unlike Level A harassment, which is solely
associated with physiological effects, both physiological and behavioral effects have the potential
to cause Level B harassment.
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Definition

Level B harassment
zone

Begins just beyond the point of slightest injury and extends outward from that point to include all
areas where animals may potentially experience Level B harassment. The animals predicted to be
in this zone experience Level B harassment by virtue of temporary impairment of sensory
function (altered physiological function) that can disrupt behavior or through behavioral effects
not directly associated with any physiological change.

Low frequency

In this EIS/OEIS, frequencies less than 1 kHz.

Low-frequency
(LF) cetaceans

Species of cetaceans and pinnipeds were assigned to 1 of 5 functional hearing groups based on
behavioral psychophysics, evoked potential audiometry, auditory morphology, and (for
pinnipeds) the medium in which they listen. Cetaceans account for 3 of the 5 groups, subdivided
according to differences in their measured or estimated hearing characteristics. LF cetaceans
consist of all species and subspecies of mysticete (baleen) whales (i.e., cetaceans in the genera
Balaena, Eubalaena, Balaenoptera, Caperea, Eschrichtius, and Megaptera). In these species,
hearing sensitivity has been estimated from behavioral responses (or lack thereof) to sounds at
various frequencies, vocalization frequencies they use most, body size, ambient noise levels at
the frequencies they use most, and inner ear anatomy. Currently, the estimated lower and upper
frequencies for functional hearing in mysticetes are 7 Hz and 22 kHz, respectively. Refer to
Southall et al. (2007) for more information.

Marine Mammal
Protection Act
(MMPA)

Enacted in October 1972, the U.S. MMPA provides protection for all marine mammals. The
MMPA prohibits, with certain exceptions, the "take™ of marine mammals in U.S. waters and by
U.S. citizens on the high seas, and the importation of marine mammals and marine mammal
products into the U.S.

Marine Operations
Noise Model
(MONM)

An acoustic model used to predict the received levels of airgun or other underwater sounds as a
function of source characteristics, site properties, and the receiver’s bearing, distance, and depth
in the water column. MONM takes account of the frequency-specific source levels for the
particular source configuration (in this case, the specific airgun configuration to be used in each
DAA). It also takes account of the best available site-specific information about environmental
factors that would affect the propagation and attenuation of that sound as it travels outward from
the airgun array. These include bathymetry, sub-bottom conditions, and the sound velocity
profile of the water column.

Masking

The obscuring of sounds of interest by interfering sounds, generally at the same or similar
frequencies.

Mid-frequency

In this EIS/OEIS, frequencies between 1 and 10 kHz.

Mid-frequency
(MF) cetaceans

Species of cetaceans and pinnipeds were assigned to 1 of 5 functional hearing groups based on
behavioral psychophysics, evoked potential audiometry, auditory morphology, and (for
pinnipeds) the medium in which they listen. Cetaceans are further subdivided according to
differences in their measured or estimated hearing characteristics. MF cetaceans are most of the
odontocetes (toothed whales) [see HF cetaceans, above, for exceptions]. MF cetaceans include
various species and subspecies of “dolphins,” larger toothed whales, and beaked and bottlenose
whales. Based on the combined available data, MF cetaceans are estimated to have lower and
upper frequency “limits” of nominal hearing at approximately 150 Hz and 160 kHz, respectively.
Refer to Southall et al. (2007) for more information.

Mitigation measure

Measures that will minimize, avoid, rectify, reduce, eliminate, or compensate for significant
environmental effects.

Mitigation zone
(M2)

A region in which a possibility exists of injurious effects on animal hearing or other physical
effects (Level A harassment).

Multi-channel
seismic (MCS)

Using multiple hydrophone streamers, sonobuoys, OBS/H, OBCs, or borehole seismometer to
record the reflected and refracted sounds from an airgun array.
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M-weighting

In general, animals do not hear equally well at all frequencies within their functional hearing
range. Frequency weighting is a method of quantitatively compensating for the differential
frequency response of sensory systems. Generalized frequency-weighting functions, referred to
as M-weighting functions, have been derived by Southall et al. (2007) for each functional hearing
group of marine mammals. The M-weighting functions were derived using principles from
human frequency-weighting paradigms, with adjustments for the different functional hearing
bandwidths of the various marine mammal groups. A precautionary procedure was used in
deriving the frequency-specific, marine mammal weighting functions. Each was based on an
algorithm that requires only the estimated (based on ~80 dB above best hearing sensitivity) lower
and upper frequencies of functional hearing (75 Hz to 75 kHz for pinnipeds in water; for
cetaceans, refer to entries for LF, HF, and MF cetaceans). The resulting functions are designed to
reasonably represent the bandwidth where acoustic exposures can have auditory effects and be
most accurate for describing the potential adverse effects of high-amplitude noise where loudness
functions are expected to flatten significantly. The weighting functions (designated “M” for
marine mammal) are analogous to the C-weighting function for humans, which is commonly
used in measuring high-amplitude sounds. Refer to Southall et al. (2007) for more information.

Mysticete

Any whale of the suborder Mysticeti having plates of whalebone (baleen plates) instead of teeth.
Mysticetes are filter-feeding whales, also referred to as baleen whales, such as blue, fin, gray, and
humpback whales. Also see Figure G-1 below.

National
Environmental
Policy Act (NEPA)

U.S. federal law passed by Congress in 1969 (42 USC 4321 et seq.). The Act established a
national policy to provide a process for the consideration of environmental issues in federal
agency planning and decision-making. The potential environmental impacts of proposed federal
actions on the human and natural environment were to be considered prior to decision making.
NEPA procedures require that environmental information be made available to the public and the
decision makers before decisions are made. Information contained in the NEPA documents must
focus on the relevant issues in order to facilitate the decision-making process.

Notice of intent
(NOI)

A written notice published in the Federal Register that announces the intent to prepare an EIS
under the U.S. NEPA. Also provides information about a proposed federal action, alternatives,
the scoping process, and points of contact within the lead federal agency regarding the EIS.

Ocean bottom
seismometers/
hydrophones
(OBS/Hs)

An OBS/H is a portable, self-contained passive receiver system designed to sit on the seafloor
and record seismic signals generated primarily by airguns and earthquakes. Broadband OBS/Hs
detect sound waves generated by earthquakes. Short-period OBS/Hs detect sound waves
generated by sources such as airguns or GI guns. The characteristics of the recorded seismic
energy, combined with precise timing and location information for the sound sources and the
receiver (the OBS/H), can provide details about the velocity and the geometry of Earth structure.

Odontocete

Any toothed whale (i.e., cetacean without baleen plates) of the suborder Odontoceti, such as
sperm whales, killer whales, beaked whales, dolphins, and porpoises. Also see Figure G-1 below.

Onset permanent
threshold shift
(onset PTS)

PTS (defined below) is non-recoverable and, by definition, must result from the destruction of
tissues within the auditory system. PTS therefore qualifies as an injury and is classified as Level
A harassment under the wording of the MMPA. In this EIS/OEIS, the smallest amount of PTS
(onset PTS) is taken to be the indicator for the smallest degree of injury that can be measured.
The acoustic exposure associated with onset PTS is used to define the outer limit of the Level A
harassment zone.

Onset temporary
threshold shift
(onset TTS)

A threshold shift represents an increase in the auditory threshold (i.e., a reduced ability to hear at
a particular frequency). TTS (defined below) is recoverable and is considered to result from the
temporary, non-injurious distortion of hearing-related tissues. In this EIS/OEIS, the smallest
measurable amount of TTS (onset TTS) is taken as the best indicator for slight temporary sensory
impairment. Because it is considered non-injurious, the acoustic exposure associated with onset
TTS is used to define the outer limit of the portion of the Level B harassment zone attributable to
physiological effects. This follows from the concept that hearing loss potentially affects an
animal’s ability to react normally to the sounds around it. Therefore, the potential for TTS
qualifies as a Level B harassment that results from physiological effects upon the auditory
system.

Passive acoustic
monitoring (PAM)

A listening system that, in the marine environment, utilizes hydrophones, signal processing
software, and (usually) some degree of human listening to detect and often to localize the
vocalizations of marine mammals.
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Pelagic Pelagic is a broad term applied to species that inhabit the open, upper portion of marine waters
rather than waters adjacent to land or near the sea floor.

Permanent Exposure to high-intensity sound may result in auditory effects such as noise-induced threshold

threshold shift shift, or simply a threshold shift. If the threshold shift becomes a permanent condition, generally

(PTS) as a result of physical injury to the inner ear and hearing loss, it is known as PTS.

Physiological effect Defined in this EIS/OEIS as a variation in an animal’s physiology that results from an
anthropogenic acoustic exposure and exceeds the normal daily variation in physiological
function.

Ping A transient sound created by a sonar.

Pinger A pulse generator using underwater sound to transmit data, such as subject location.

Pinniped Any member of a suborder (Pinnipedia) of aquatic carnivorous mammals (i.e., seals and sea

lions) with all four limbs modified into flippers. Also see Figure G-2 below.

Protected species
visual observer
(PSVO)

A trained, dedicated, and experienced individual responsible for conducting visual watches for
protected species, such as marine mammals and sea turtles, during marine seismic surveys.
Previously called Marine Mammal Observer or MMO.

Qualitative Analysis
Area (QAA)

In this EIS/OEIS, a geographic area that has been addressed in a qualitative manner vs. the
quantitative acoustic modeling done for the DAAs (see above). The sound fields to which marine
mammals could be exposed during a seismic program were modeled for representative sites in
each DAA but they were not modeled for each QAA. In order to qualitatively evaluate sound
levels that might be received by marine mammals in each of the eight QAAs, the source
configurations and factors affecting sound propagation for each QAA were compared to those for
each of the DAAs. This allows an initial qualitative assessment of the QAAs, which in turn may
be used as an initial point from which to prepare potential tiered environmental documents.

Ramp Up
(or Soft Start)

Turning on the airguns or other acoustic source at low power and gradually and systematically
increasing the output until full power is achieved (usually over a period of minutes). The
appropriate ramp up or soft-start method depends on factors such as the type of seismic survey
equipment being used and vessel speed.

Received level

The level of sound that arrives at the receiver (e.g., marine mammal), or listening device
(hydrophone). The received level is the source level minus the transmission losses from the
sound traveling through the water.

Record of Decision

A concise summary of the decision made by the project proponent (e.g., NSF) from the

(ROD) alternatives presented in a Final EIS. The ROD is published in the Federal Register.

Resonance A phenomenon that exists when an object is vibrated at a frequency near its natural frequency of
vibration — the particular frequency at which the object vibrates most readily.

Scoping An early and open process with federal and state agencies and interested parties to identify

possible alternatives and the significant issues to be addressed in an EIS.

Seismic reflection
study

A marine experiment in which acoustic sources and receivers are used to image the seafloor and
subseafloor geology using signals that are travelling primarily vertically into and out of the
seafloor and subseafloor. Seismic reflection is a principle which is utilized in geology to gather
information about what is going on underneath the surface of the Earth. Geologists can use the
movement of sound waves underground to generate data about subsurface geological formations.
As the sound waves from an acoustic source (e.g., airgun array) move underground, some are
reflected back up to the sea surface where they are picked up by hydrophones towed behind the
survey vessel. Using hydrophone data, researchers can create a plot which reveals the outline of
formations and objects in the ground. Reflection methods generally utilize information from the
reflected acoustic waves that travel in vertical or near-vertical to wide-angle reflected ray paths,
resulting in travel time images that, after processing and geometric corrections, resemble cross
sections of the Earth showing the seafloor and sub-seafloor features. Reflection surveys provide
very detailed information on the presence and shape of reflectors or discontinuities, though the
velocity structure between reflectors is often less well constrained by this method. These data are
typically collected using towed hydrophones, configured as single-channel or multichannel
arrays.
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Seismic refraction
study

A marine experiment in which acoustic sources and receivers are used to image the seafloor and
subseafloor geology using signals that are travelling primarily horizontally through the seafloor
and subseafloor. Closely related to seismic reflection, seismic refraction involves the study of the
ways in which sound waves bend as they encounter obstacles underground. Refraction of sound
waves occurs when the wave moves from one medium to another and there is a change in speed
of the sound waves as they move through the different mediums. Refraction methods collect
information from near-vertical reflected to near-horizontal refracted raypaths and are interpreted
using a combination of modeling and inversion to yield results. Refraction surveys are typically
designed to locate the basement layer for a marine sedimentary section, to define different layers
of the crust, or to study the velocity characteristics of layered subfloor features. OBS/Hs are often
used in refraction surveys. Generally speaking, this method can provide information on the
location and shape of reflectors, though the resolution is less than that obtained by reflection
data.

Sound exposure
level (SEL)

SEL (also called EFDL, see above) is the total noise energy produced from a single noise event
and is the integration of all the acoustic energy contained within the event. SEL takes into
account both the intensity and the duration of a noise event. SEL is stated in dB re 1 pPa®-s for
underwater sound. For a seismic survey, the SEL can represent either all energy received at a
particular location in the water column from either (1) a given seismic pulse, or (2) a sequence of
pulses as the seismic vessel passes. The units are the same, but the numerical value will be higher
for (1), often referred to as the cumulative SEL or C-SEL.

Sound navigation
and
ranging (sonar)

Any anthropogenic (man-made) or animal (e.g., bats, dolphins) system that uses transmitted
and/or received acoustic signals for navigation, communication, and determining position and
bearing of a target. There are two broad types of anthropogenic sonar: active and passive. Active
sonar involves the production of a signal that propagates through the environment and bounces
off objects (such as a prey item). That reflected sound, or echo, travels back to the receiver,
which interprets the echo. Therefore, active sonar involves two-way sound transmission. Passive
sonar involves one-way sound transmission from an acoustic source (such as conspecific) to a
receiver or listener.

Sound pressure
level (SPL)

A measure of the root-mean square, or “effective,” sound pressure, converted to dB. SPL is
expressed in dB re 1 yPa for underwater sound and dB re to 20 pPa for airborne sound.

Source level

For an ideal point source, the sound pressure level as measured 1 m from the source. For arrays
and other dimensionally large sources, the sound pressure level that would (in theory) be
measured 1 m away from an ideal point source radiating the same amount of sound as the actual
distributed source. With a distributed source, the highest sound level measureable anywhere in
the water is lower than the theoretical source level.

Sparker

A low-energy acoustic source that generates a precisely timed electrical arc that momentarily
vaporizes water between positive and negative leads. The collapsing bubbles produce a broad
band omnidirectional pulse which can penetrate several hundred meters into the ocean bottom.
Hydrophone arrays towed nearby receive the return signals.

Take

Under the U.S. MMPA: to harass, hunt, capture, or Kill, or attempt to harass, hunt, capture, or
kill any marine mammal.

Under the U.S. ESA: to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect,
or to attempt to engage in any such conduct.

Temporary
threshold shift
(TTS)

Exposure to high-intensity sound may result in auditory effects such as noise-induced threshold
shift, or simply a threshold shift. If the threshold shift recovers completely after a few minutes,
hours, or days, it is known as TTS. A threshold shift represents an increase in the auditory
threshold (i.e., a reduced ability to hear) at a particular frequency. TTS is by definition
recoverable and results from the temporary, non-injurious distortion of hearing-related tissues. In
this EIS/OEIS, the smallest measurable amount of TTS (onset TTS) is taken as the best indicator
for slight temporary sensory impairment. Because it is non-injurious, the acoustic exposure
associated with onset TTS is used to define the outer limit of the portion of the Level B
harassment zone attributable to physiological effects.

Threatened species

Under the U.S. ESA, any species which is likely to become an endangered species within the
foreseeable future throughout all or a significant portion of its range (ESA §3[20]).
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Transmission loss

Pressure or energy losses that occur as the sound travels through the water. Losses occur because
the wavefront spreads over an increasingly large volume as the sound propagates, and because of
additional processes including scattering and the absorption of some of the energy by water.

U.S. Territorial

Sea areas within 12 nm of the U.S. coastline, normally measured from the official baselines of

Waters the country (typically the mean of the lower low tide locations for the U.S.), for which coastal
nations exercise sovereignty.
Water gun An alternative to an airgun, a device that uses compressed water rather than compressed air (as

with an airgun) to create an acoustic source for marine seismic data. The pulse of compressed
water leaving the gun creates a void such that the collapse of water into the void creates a pulse
of acoustic energy that radiates outward from the gun.
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Figure G-1. CETACEANS
(Marine mammals in the Order Cetacea: Whales, dolphins, and porpoises)

Mysticetes

Whales of the Suborder Mysticeti having plates of whalebone (baleen
plates) instead of teeth. Mysticetes are filter-feeding whales, also referred
to as baleen whales, such as fin, humpback, and sei whales, depicted below.

Fin whale
(Photo: NOAA-NMFS)

L I e -
Humpback whale feeding
((Photo: Alaska Adventures)

Sei whale
(Photo: Peter Duley, NOAA-NEFSC)

Odontocetes

Whales of the Suborder Odontoceti having teeth (i.e., cetaceans without
baleen plates), such as sperm whales, killer whales, beaked whales,
dolphins, and porpoises. Below are examples of Odontocetes: bottlenose
dolphin, killer whale, and harbor porpoise.

Bottlenose dolphin
(Photo: NOAA-NMFS)

Killer whales
(Photo: NOAA-AFSC)

Harbor porpoise
(Photo: NOAA-SWFSC)




IXX

Figure G-2. PINNIPEDS
(Marine mammals in the Order Carnivora and in the Suborder Pinnipedia: sea lions and seals)

Otariids Phocids

Sea lions and fur seals in the Family Otariidae are also called ‘eared seals’ be- Called true or ‘earless seals’ because they lack external ear flaps. Unlike
cause they have external ear flaps or pinnae. Eared seals can rotate their eared seals (or otariids), phocids cannot rotate their hindflippers under their
foreflippers under their bodies and use both their fore- and hindflippers to bodies to walk. On land they use their foreflippers to pull themselves along,
walk on land. Below are two examples of eared seals: California sea lion and while their hindflippers trail passively behind. Below are two examples of
northern fur seal. earless seals: harbor seal and elephant seal.

California sea lion Harbor seal
(Photo: Indianapolis Zoo) (Photo: T. Mangelson, Alaska Sea Grant)

Northern fur seal Elephant seals
(Photo: Verena A. Gill, Alaska Sea Grant) (Photo: D. Endico)
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CHAPTER 1
PURPOSE AND NEED

This Programmatic Environmental Impact Statement (EIS)/Overseas Environmental Impact Statement
(OEIS) (hereafter called EIS/OEIS) has been prepared by the National Science Foundation (NSF) in
compliance with the National Environmental Policy Act (NEPA) of 1969 (42 United States Code [USC]
84321 et seq.); the Council on Environmental Quality (CEQ) Regulations for Implementing the
Procedural Provisions of NEPA (Title 40 Code of Federal Regulations [CFR] §81500-1508); NSF
procedures for implementing NEPA and CEQ regulations (45 CFR 640); and Executive Order (EO)
12114, Environmental Effects Abroad of Major Federal Actions. The NEPA process ensures that
environmental impacts of proposed major federal actions are considered in the decision-making process.
EO 12114 requires environmental consideration (i.e., preparation of an OEIS) for actions that may
significantly affect the environment outside United States (U.S.) Territorial Waters. This EIS/OEIS
satisfies the requirements of both NEPA and EO 12114. The Draft EIS/OEIS is published, distributed to
federal, state, local, and private agencies, organizations, and individuals for review and comment, and
then filed with the U.S. Environmental Protection Agency (EPA). A Notice of Availability (NOA) is then
announced in the Federal Register. Public hearings are held on the Draft EIS/OEIS. A Final EIS/OEIS is
then prepared that provides responses to the comments received from all parties on the Draft EIS/OEIS. A
Record of Decision (ROD) follows the publication of the Final EIS/OEIS and concludes the NEPA
process.

1.1 COOPERATING AGENCIES

NSF is the proponent for the NSF-funded marine seismic research and is the lead agency for the
preparation of this EIS/OEIS. As defined in 40 CFR 1508.5, a cooperating agency may be any federal
agency other than the lead agency that has jurisdiction by law or special expertise with respect to the
environmental impacts expected to result from a proposal. An agency has “jurisdiction by law” if it has
the authority to approve, veto, or finance all or part of the proposal (40 CFR 1508.15). An agency has
“special expertise” if it has statutory responsibility, agency mission, or related program experience with
regard to a proposal (40 CFR 1508.26). A lead agency must request the participation of cooperating
agencies as early as possible in the NEPA process, use the environmental analyses and proposals prepared
by cooperating agencies as much as possible, and meet with cooperating agencies at their request (40
CFR 1501.6[a]). A cooperating agency’s responsibility includes participation in the NEPA process as
early as possible, participation in the scoping process, and, on the lead agency’s request, development of
information to be included in the EIS/OEIS and providing staff support in its preparation (40 CFR
1501.6[b]).

The National Oceanic and Atmospheric Administration (NOAA) has agreed to be a cooperating agency
for the preparation of the Draft and Final EIS/OEIS on NSF’s Proposed Action. The nature and scope of
the Proposed Action involving NSF’s funding of seismic research, the use of associated acoustic sources,
and potential impacts to marine resources under the jurisdiction of the National Marine Fisheries Service
(NMFS), particularly marine mammals and sensitive marine species, including those listed or proposed
for listing as threatened or endangered under the federal Endangered Species Act (ESA), led to NOAA’s
agreement on its participation as a cooperating agency. Therefore, in addition to the regulations and
requirements discussed elsewhere in this document, this EIS/OEIS has been reviewed in accordance with
NOAA Administrative Order Series 216-6, Environmental Review Procedures for Implementing the
National Environmental Policy Act (May 20, 1999).
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The U.S. Geological Survey (USGS) has also agreed to be a cooperating agency for the Proposed Action.
The nature and scope of the Proposed Action involving seismic research, associated acoustic sources, and
potential impact on marine resources make it appropriate for the USGS, which conducts similar seismic
research, to be a cooperating agency.

1.2 MissION OF NSF

Established by Congress with the National Science Foundation Act of 1950 (Public Law 810507, as
amended), NSF is the federal government’s only agency dedicated to the support of fundamental research
and education in all scientific and engineering disciplines. In accordance with the Act, NSF’s mission is
to “promote the progress of science; to advance the national health, prosperity, and welfare; to secure the
national defense; and for other purposes.” The primary roles of NSF are to support and fund the Nation’s
academic-based research in science and engineering, enhance the quality of education, and ensure that the
U.S. maintains leadership in scientific discovery and the development of new technologies. The Act
authorizes and directs NSF to initiate, support, and fund:

« basic scientific research and research fundamental to the engineering process,

» programs to strengthen scientific and engineering research potential,

« science and engineering education programs at all levels and in all fields of science and engineering,

« an information base on science and engineering appropriate for development of national and
international policy,

« the interchange of scientific and engineering information nationally and internationally, and

« the development of computer and other methodologies (NSF 2006a, 2008a).

In particular, the research and education activities of NSF promote the discovery, integration,
dissemination, and application of new knowledge in service to society and to prepare future generations
of scientists, mathematicians, and engineers. In addition, the constantly changing global economic,
scientific, and technical environment challenges long-standing assumptions about domestic and
international policy, requiring NSF to play a more proactive role in sustaining the competitive advantage
of the U.S. through superior research capabilities (NSF 2006a, 2008a).

1.3 PURPOSE OF AND NEED FOR THE PROPOSED ACTION

This Programmatic EIS/OEIS examines the potential impacts that may result from geophysical
exploration and scientific research using seismic surveys that are funded by NSF or conducted by the
USGS. The Proposed Action is for academic and U.S. government scientists in the U.S., and possible
international collaborators, to conduct marine seismic research from research vessels operated by U.S.
academic institutions and government agencies. The purpose of the Proposed Action is to fund the
investigation of the geology and geophysics of the seafloor by collecting seismic reflection and refraction
data that reveal the structure and stratigraphy of the crust and/or overlying sediment below the world’s
oceans. NSF has a continuing need to fund seismic surveys that enable scientists to collect data essential
to understanding the complex Earth processes beneath the ocean floor. Data collected from marine
seismic surveys:

e were important in hypothesizing, and subsequently demonstrating, the validity of the theory of
plate tectonics;

e are vital to making ocean drilling scientifically useful and environmentally safe;

e provide imaging of ocean faults, which is key to studies of earthquake and landslide hazards;

e are essential to evaluate the potential for tsunami generation, which, in most cases, result from
submarine slumping associated with earthquakes;
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are used to define potential failure regions, slip planes, oversteepened slopes, creep, zones of
potential overpressures, and concentrations of gas hydrates or shallow free gas that may play a
role in destabilization of sedimentary slopes;

are used to map sedimentary horizons, allowing correlation of sediment type and age across long
distances, and providing information on spatial and temporal distributions of processes (such as
climatic or oceanographic events) at geologic time scales;

can be used to directly image magma chambers in volcanoes or mid-ocean ridges, and repeat
surveys can be used to image changes in magma reservoirs related to eruptions; and

can be used to interpret processes of compaction, folding, dewatering, and other processes in
subduction zones that lead to uplift, earthquakes, slumping, and other processes that will impact
land and people.

The funding and conducting of marine seismic research would continue to meet NSF’s critical need to
foster a better understanding of Earth’s history, natural hazards, and climate history. A few representative,
recent examples of NSF-funded or USGS marine seismic research include:

locating stratigraphic records of environmental change that assist in understanding anthropogenic
warming and the melting of glaciers;

understanding source mechanisms, fault locations, and hazard potentials for large earthquakes
and tsunamis along faults and segments of tectonic plate boundaries, allowing prioritization of
tsunami and earthquake warning systems;

imaging sedimentary packages that indicate how erosion and sedimentation have impacted and
changed the size and shapes of the continental shelves over time;

examining the formation and evolution of volcanic islands, mid-ocean ridges, and igneous
provinces;

understanding the evolution and movement of tectonic plates;

providing essential geological information needed for initiation of scientific ocean drilling and
bore hole observatory monitoring of the ocean crust;

studying structures produced by asteroid impacts;

mapping the seafloor and its topographic relief and understanding the causes of submarine
geologic structures;

mapping hydrothermal vent systems and determining the pattern of circulation of sub-seafloor
fluids;

evaluating the distribution and volume of methane gas in free and hydrated form within a region,
and the potential impact on the ocean and atmosphere of a release of large volumes of methane
gas; and

understanding the distribution and amount of sediment-hosted natural gas beneath the world’s
oceans.

In addition to specific marine seismic research, geoscience exploration through ocean drilling has been an
ongoing effort by NSF with international partners since the early 1970s. Seismic reflection surveying is a
critical, required element for every site that gets drilled under the auspices of the Integrated Ocean
Drilling Program (IODP), as well as under the program’s predecessors: Ocean Drilling Program (ODP)
and Deep Sea Drilling Project (DSDP). Seismic reflection profiling is an essential technology required for
characterization of scientific drilling objectives, as well as for characterization and mitigation of hazards
due to environmental factors, and managing the potential safety and pollution risks (e.g., avoiding
submarine hazards or the environmental dangers that result from drilling into gas zones or other potential
pollution sources). For these reasons, the documentation provided with every proposed scientific drilling
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site must include seismic reflection imagery of the subsurface in the immediate vicinity. The value of this
planning process is borne out in both the scientific success of the DSDP, ODP, and IODP, and in their
records of compliance with environmental regulations and policies. The extraordinary safety and
environmental record of the NSF-sponsored DSDP, ODP, and I0DP results largely from its reliance on
seismic reflection data to plan safe operations. This EIS/OEIS will also address the acoustic sources
proposed for use by the IODP’s Scientific Ocean Drilling Vessel (SODV). Further detail is provided in
Chapter 2.

1.4 PROGRAMMATIC APPROACH TO THE EIS/OEIS

Under the Proposed Action, a variety of acoustic sources used for research activities funded by NSF or
conducted by the USGS would be operated from various research vessels operated by U.S. academic
institutions or government agencies. The seismic acoustic sources would include various airgun
configurations (particularly strings or arrays with as little as 2 to as many as 36 seismic airguns), as well
as low-energy sources including swept frequency modulated (FM) chirp systems, minisparker, and
boomer type sub-bottom profilers (SBPs). Non-seismic acoustic sources would include multibeam
echosounders (MBESSs), SBPs, acoustic Doppler current profilers (ADCPs), fathometers, pingers, and
acoustic releases. A variety of other geoscience research activities, such as, but not limited to, mapping,
dredging, drilling, and coring, might also be conducted on any seismic research cruise funded by NSF or
conducted by the USGS.

Currently, individual Environmental Assessments (EAs) are prepared for individual or small numbers of
related cruises to assess the impact of the generated seismic survey noise on the marine environment. In
the 7 years from 2003 through 2009, NSF prepared 31 EAs assessing the impact of sound from seismic
surveys on marine resources and species listed under the Marine Mammal Protection Act (MMPA) and
ESA during research projects investigating the geology and geophysics of the seafloor. These EAs were
prepared for various worldwide, academic research cruises that required the use of various marine seismic
sources involving different airgun configurations deployed from the primary U.S. academic seismic
survey ship, or smaller airgun sources deployed from other research vessels, often with concurrent
operations of MBES, SBPs, and depth-sounders.

For past seismic research cruise actions with the potential to adversely affect species of marine mammals
listed as threatened or endangered under the ESA, an EA has been used to provide the necessary
information to initiate and conduct informal or formal consultation with the NOAA Office of Protected
Resources (OPR) and/or U.S. Fish and Wildlife Service (USFWS) under section 7(a)(2) of the ESA. For
research cruises with the potential for adverse impacts to listed species, NOAA OPR and/or USFWS have
issued a Biological Opinion (BO) and related Incidental Take Statements (ITSs), which included terms
and conditions to minimize impacts on threatened and endangered species. In parallel with this effort,
when applicable, a separate application for an Incidental Harassment Authorization (IHA) under Section
101(a)(5)(D) of the MMPA was submitted for each cruise to another division within NOAA OPR, which
subsequently issued the IHA. The MMPA procedures for issuance of an IHA involve publication of a
proposed IHA notice in the Federal Register, solicitation of comments on that notice, and publication of a
notice of issuance in the Federal Register, in addition to compliance with NEPA, and, if applicable, the
ESA.

To reduce this apparent duplication of effort in environmental documentation and to address the potential
for cumulative effects of marine seismic research acoustic sources upon marine resources, NSF and the
USGS have decided that a Programmatic EIS/OEIS should be prepared. Preparing a Programmatic
EIS/OEIS for NSF and USGS marine seismic research serves several purposes. First, it provides a format
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for a comprehensive cumulative impacts analysis by taking a view of the planned marine seismic research
activities as a whole. This is accomplished by assembling and analyzing the broadest range of direct,
indirect, and cumulative impacts associated with all marine seismic research activities in addition to other
past, present, and reasonably foreseeable projects in the region of influence. Furthermore, the collective
analysis of representative project locations will provide a strong technical basis for a more global
assessment of the potential cumulative impacts of NSF-funded and USGS marine seismic activities in the
future.

A Programmatic EIS/OEIS also sets up a framework for streamlining the preparation of subsequent
environmental documents where needed for individual cruises. It is expected that time- and location-
specific aspects, or similarly detailed technical information if necessary to evaluate unique impacts of
specific cruises and projects, will be addressed in EIS supplements, tiered EAs, or other appropriate
environmental documentation that would follow the publication of this Programmatic EIS/OEIS (per
CEQ regulations at 40 CFR 1502.20). Thus, while NSF-funded and USGS marine seismic research is
reviewed under this Programmatic EIS/OEIS, the analysis of site-specific impacts from future cruises
may be reserved for future analysis. Tiering of environmental documents in this manner makes
subsequent documents of greater use and meaning to the public as NSF’s and USGS’s marine seismic
research develops, without duplicating previous paperwork and environmental analyses. Finally, a
Programmatic EIS/OEIS enables the identification of an appropriate and prudent set of standard
mitigation measures to be integrated into future NSF-funded and USGS cruises, which is a key goal of
NSF and USGS and this EIS/OEIS.

1.5 BACKGROUND OF NSF-FUNDED MARINE SEISMIC RESEARCH

The purpose of this Programmatic EIS/OEIS is to address the same basic environmental concerns for any
NSF-funded marine seismic research, but the focus of the Programmatic EIS/OEIS is for actions in the
Divisions of Ocean Sciences and Earth Sciences within the Directorate for Geosciences (GEO). GEO is
one of the primary research arms within NSF that provides funding for marine seismic research.

GEO supports research in the atmospheric, Earth, and ocean sciences and is the principal source of federal
funding for university-based fundamental research in the geosciences. GEO addresses the nation’s need to
know more about how our planet is structured, how it works as a system, and through its research support,
improves our ability to understand, predict, and respond to environmental events and changes. GEO-
supported research also advances our ability to locate new resources and understand and predict natural
phenomena of economic and human significance, such as climate change, weather, earthquakes, tsunamis,
and solar-atmosphere interactions.

NSF has funded marine seismic research for over 50 years. Typically, four to seven NSF-funded marine
seismic research cruises are conducted each year. These cruises are conducted across the world’s oceans
including the Gulf of Mexico, Caribbean Sea, Mid-Atlantic Ridge, North Atlantic, Norwegian Sea, Arctic
Ocean, Bering Sea, Gulf of Alaska, Northeast Pacific, Eastern Tropical Pacific, and Southwest Pacific.
More than one seismic research cruise at one time is rare. The final determination of specific cruise tracks
includes multiple factors beginning with the research objectives of proposals recommended for award
during panel reviews, the NSF research budget for a given fiscal year, vessel availability, and
environmental considerations presented in this EIS/OEIS.

1.6 BACKGROUND OF USGS MARINE SEISMIC RESEARCH

The USGS conducts marine seismic research in support of its missions: 1) to characterize the seafloor
and subseafloor of the nation or other areas of interest; 2) to support analyses of seismic, tsunami,
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submarine slide, or other marine hazards; 3) to assess the distribution of mineral or unconventional
natural gas resources in the offshore environment; 4) to document the impact of climate or environmental
change or events; 5) to document the processes related to the formation of and ongoing changes to
continental shelves and margins; 6) to understand a variety of geological, geophysical, and biological
processes that affect the marine environment; and 7) to collaborate with other government agencies in
support of mutual scientific objectives and governmental or public benefits.

In general, USGS marine seismic research is focused on federal offshore and trust territory land, but does
occasionally include worldwide locations under special circumstances or collaborations. For much of the
past decade, USGS research has been directed progressively more to nearshore and inner shelf coastal
research, where low-energy acoustic sources are generally adequate. Mapping the outer limits of the
extended continental shelf of the U.S. is an exception to this general trend, where seismic data may be
required to map sediment thickness beyond the 200-nautical mile (nm) (370-kilometer [km]) limit of the
Exclusive Economic Zone (EEZ).

USGS marine seismic research projects are conducted to support approved programs of the USGS for
which the agency has direct or reimbursable funding. The potential environmental impact of such marine
seismic projects is considered throughout the planning process. In the planning process, the USGS
considers the minimum source size and configuration required to meet the scientific objectives; the
impact of the planned activity on sensitive marine species, particularly during critical parts of their life
cycle; possible mitigation strategies; and various alternatives to conducting seismic activities. In addition,
the final determination of specific cruises includes multiple factors beginning with the research objectives
of proposals recommended for award, the USGS research budget for a given fiscal year, vessel
availability, and environmental considerations presented in this EIS/OEIS.

1.7 PROGRAMMATIC EIS/OEIS ANALYSIS AREAS

Due to the potential for NSF-funded marine seismic cruises to occur across the world’s oceans, it was
necessary to narrow the focus of the analysis presented in this Programmatic EIS/OEIS to a number of
representative or exemplary analysis areas. The proposed number and location of analysis areas were
determined based on past and potential future NSF-funded seismic research objectives and priorities. In
other words, locations of exemplary analysis areas were selected in areas where it was considered likely
that a future marine seismic research cruise would be proposed for NSF funding by a scientific
investigator, while at the same time including analysis areas within a wide range of Longhurst Biomes
(see below).

Based on the concept of the Longhurst Biome, the pelagic biogeography by Longhurst (2006) was utilized
as a guide to identify areas with similar ecological dynamics. This concept describes how individual
species are distributed in the ocean, and explains how these species aggregate to form characteristic
ecosystems under regional conditions of temperature, nutrients, and sunlight exposure. Although the
Longhurst Biome concept was designed for plankton, it is the most appropriate scientific application
available for designating specified geographic regions since no similar biogeographic concept has been
designed for marine mammals and other marine vertebrates at the higher trophic levels. In general, the
distribution of marine organisms at higher trophic levels resembles the general geographic patterns of
primary productivity, with the largest aggregations concentrated in coastal areas and zones of upwelling
(Longhurst 2006). Although Longhurst Biomes are extremely large, the biome concept provided a large-
scale selection criterion.

Based on this rationale, 13 exemplary analysis areas were proposed for analysis within this Programmatic
EIS/OEIS. In some instances, a biome may not be represented (e.g., Antarctic Polar Biome) and other
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biomes may be represented more than once (e.g., Pacific Coastal Biome). However, it was considered
more important to represent where potential NSF-funded marine seismic research activities would most
likely occur, including parts of the U.S. margins relevant to future USGS studies, than to include an
analysis area within each biome.

The 13 exemplary analysis areas were broken down further into 5 areas of detailed study (Detailed
Analysis Areas or DAAS) and 8 areas of qualitative study (Qualitative Analysis Areas or QAAS) (Table
1-1). Impact analysis for the DAAs includes acoustic modeling that assesses impacts on marine species by
integrating the predicted seismic survey sound field with the expected distributions and densities of
marine animals. The collective analysis of the 13 representative locations provides a technical basis for a
general global assessment of the potential environmental impacts of NSF-funded and USGS-conducted
seismic survey activities in the future, a key goal of the Programmatic EIS/OEIS. More detailed
discussion of the 13 analysis areas is provided in Chapter 2.

Table 1-1. Detailed and Qualitative Analysis Areas

Qualitative Analysis Area Detailed Analysis Area
British Columbia Coast (BC Coast) Western Gulf of Alaska (W Gulf of Alaska)
Mid-Atlantic Ridge Southern California (S California)
Mariana Islands (Marianas) Galapagos Ridge
Sub-Antarctic Caribbean Sea (Caribbean)
Northern Atlantic/lceland (N Atlantic/Iceland) | Northwestern Atlantic (NW Atlantic)

Southwestern Atlantic (SW Atlantic)
Western India (W India)
Western Australia (W Australia)

1.8 REGULATORY SETTING
1.8.1 National Environmental Policy Act (NEPA)

In 1969, Congress enacted NEPA to provide for the consideration of environmental issues in federal
agency planning and decision-making. Regulations for federal agency implementation of NEPA were
established by the CEQ in Regulations for Implementing Procedural Provisions of the National
Environmental Policy Act (40 CFR Parts 1500 to 1508). NEPA requires federal agencies to prepare an
EIS for major federal actions that may significantly affect the quality of the human and natural
environment. The EIS must disclose significant direct, indirect, and cumulative environmental impacts
and inform decision-makers and the public of reasonable alternatives that would avoid or minimize
adverse impacts or enhance the quality of the human environment.

Under customary international law, U.S. Territory generally extends out into the ocean for a distance of 3
nm (5.6 km) from the coastline. By Presidential Proclamation 5928, issued 27 December 1988, the U.S.
extended its exercise of sovereignty and jurisdiction under international law to 12 nm (22 km) (i.e.,
territorial sea). However, the Proclamation expressly provides that it does not extend or otherwise alter
existing federal law or any associated jurisdiction, rights, legal interests, or obligations. The Proclamation
thus did not alter existing legal obligations under NEPA.

In 1983, Presidential Proclamation 5030 established the 200-nm (370-km) zone off all U.S. coasts as the
EEZ, declaring, “...to the extent permitted by international law...sovereign rights for the purpose of
exploring, exploiting, conserving, and managing natural resources, both living and non-living, of the
seabed and subsoil and the superadjacent waters.” The assertion of jurisdiction over the EEZ of the U.S.
altered the legal basis for economic exploration and exploitation, scientific research, and protection of the
environment by the U.S. For this Programmatic EIS/OEIS, potential impacts to areas within the 200-nm
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(370-km) boundary of the EEZ are subject to analysis under NEPA, and those beyond the U.S. EEZ are
subject to analysis under EO 12114 (as described in Section 1.8.2).

1.8.2 EO 12114, Environmental Effects Abroad of Major Federal Actions

In addition to NEPA, this EIS/OEIS was prepared in accordance with EO 12114. Potential impacts in
areas that are outside the U.S. EEZ or the EEZ of any nation (i.e., >200 nm [370 km]), referred to as the
global commons, are analyzed using the procedures set out in EO 12114 and associated implementing
regulations. If an activity is funded by a U.S. federal entity within the EEZ and/or territorial waters of a
foreign nation and that nation is taking part in the proposed activity (e.g., funding or participating), then
the U.S. entity does not need to prepare environmental documentation in accordance with EO 12114, It is
the responsibility of the “host” nation to prepare its own environmental documentation and review.
However, if a U.S. entity is proposing an activity within the waters of a foreign nation and that foreign
nation is not participating in any way, then the U.S. entity must prepare the appropriate environmental
documents in accordance with EO 12114. A majority of the potential impacts associated with NSF-
funded marine seismic research addressed in this EIS/OEIS fall outside the U.S. EEZ and are, therefore,
addressed in accordance with EO 12114,

1.8.3 Marine Mammal Protection Act (MMPA)

The MMPA of 1972 protects marine mammals by strictly limiting their “taking” in waters or on lands
under U.S. jurisdiction, and on the high seas by vessels or persons under U.S. jurisdiction. The term
“take,” as defined in Section 3 (16 USC 1362) of the MMPA and its implementing regulations, means “to
harass, hunt, capture, or kill, or attempt to harass, hunt, capture, or kill any marine mammal.” The term
“harassment” was further defined in the 1994 amendments to the MMPA as any act of pursuit, torment, or
annoyance, at two distinct levels:

o Level A Harassment — potential to injure a marine mammal or marine mammal stock in the wild.

o Level B Harassment — potential to disturb a marine mammal or marine mammal stock in the wild
by causing disruption of natural behavior patterns including, but not limited to, migration,
breathing, nursing, breeding, feeding, or sheltering.

The incidental, but not intentional, taking of marine mammals is allowed if certain findings are made and
regulations are issued. In particular, application can be made for authorization to incidentally take marine
mammals for specific activities such as seismic surveys. Permission for incidental taking of various
marine mammals can be granted by NMFS or the USFWS through the issuance of regulations, which can
cover a period of up to 5 years, and a Letter of Authorization (LOA) under those regulations. NMFS can
issue regulations and LOAs concerning cetaceans, seals, and sea lions. USFWS can issue regulations and
LOAs concerning walruses, polar bears, sea otters, and sirenians. LOAs for the incidental take of small
numbers of marine mammals within a specified geographic area can only be issued if it is determined that
the taking would have no more than a negligible impact on the species or stock, and will not have an
unmitigable adverse impact on the availability of such species or stock for taking for subsistence uses
(where relevant). Prior to issuing an LOA for a specific activity, NMFS or the USFWS develops and
publishes regulations in the Federal Register, and holds public comment periods. The regulations must
outline:

o the permissible methods and the specified geographical region of taking;

o the means of effecting the least practicable adverse impact on species or stock and its habitat, and
on the availability of the species or stock for subsistence uses (where relevant); and

o the requirements pertaining to the monitoring and reporting of such taking.
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Once the regulations are finalized, NMFS or the USFWS can move forward with authorizing the activity
through issuance of an LOA.

In 1994, the MMPA was amended to establish an expedited process by which citizens of the U.S. can
apply for an authorization to take small numbers of marine mammals incidental to specified activities
(other than commercial fishing) within a specific geographic region by “harassment”, referred to as
Incidental Harassment Authorizations or IHAs. It established specific time limits for public notice and
comment on any requests for authorization that would be granted under the provision. IHAs are limited in
duration to no longer than 1 year and may only be issued if the Secretary of Commerce makes the
determinations and establishes conditions described above for regulations and LOAs. Because the IHA
process has eliminated the need for promulgating specific regulations on the incidental taking, IHAs are
generally used by individuals with relatively short-term activities that may incidentally harass marine
mammals. The IHA process cannot be used where incidental take would likely result in serious injury or
mortality to marine mammals.

In the past, NSF and the USGS have applied for and received incidental take authorizations for marine
mammals through the IHA process on a cruise-by-cruise basis. Although NSF and USGS are not
requesting authorizations under section 101(a)(5) of the MMPA at this time, this Programmatic EIS/OEIS
may contain information relevant and applicable to support future NSF and USGS consultations in
support of potential requests for future incidental take authorizations for site-specific marine seismic
cruises for actions described and analyzed in this Programmatic EIS/OEIS.

In order to issue the MMPA authorization required for certain activities, it might be necessary for NMFS
to require additional mitigation or monitoring measures beyond those addressed in this Programmatic
EIS/OEIS. These could include measures considered, but eliminated in the Programmatic EIS/OEIS, or as
yet undetermined measures. The public will have an opportunity to provide information to NMFS through
the MMPA process during the 30-day comment period following NMFS’ publication of a Notice of
Proposed IHA in the Federal Register. Measures not considered in the mitigation and monitoring
measures in this Programmatic EIS/OEIS, but required through the MMPA process, might require
evaluation in accordance with NEPA. In doing so, NMFS may consider “tiering,” that is, incorporating
this Programmatic EIS/OEIS during the MMPA process.

1.8.4 Endangered Species Act (ESA)

The ESA of 1973 and subsequent amendments provide for the protection and conservation of threatened
and endangered species of animals (including some marine mammals) and plants, and the ecosystems on
which they depend. The ESA prohibits federal agencies from funding, authorizing or carrying out actions
likely to jeopardize endangered or threatened species or result in the destruction or adverse modification
of critical habitat designated for them. Section 7 of the ESA requires consultation with NMFS and the
USFWS when any endangered or threatened species under their jurisdiction may be affected by a
proposed action. Generally, the USFWS manages land and freshwater species while NMFS manages
marine species, including anadromous salmon. However, as noted previously, the USFWS has
responsibility for some marine animals such as nesting sea turtles, walruses, polar bears, sea otters, and
manatees.

For actions that may result in prohibited “take” of a listed species, federal agencies must obtain
authorization for incidental take through the section 7 formal consultation process. Under ESA “take”
means to “harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt any such
conduct to species listed as threatened or endangered in 50 CFR 402.12(b).” NMFS has further defined
harm as follows: “harm” is “...an act which actually Kills or injures fish or wildlife. Such an act may
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include significant habitat modification or degradation which actually kills or injures fish or wildlife by
significantly impairing essential behavioral patterns, including, breeding, spawning, rearing, migrating,
feeding or sheltering (50 CFR 222.102).” “Harass” as defined by the USFWS means an “intentional or
negligent act or omission which creates the likelihood of injury to wildlife by annoying it to such an
extent as to significantly disrupt normal behavioral patterns, which include, but are not limited to,
breeding, feeding, or sheltering (50 CFR 17.3).” NMFS has not defined the term “harass” by regulation.

Under section 7 of the ESA, federal agencies consult with the USFWS and/or NMFS and submit a
consultation package for proposed actions that may affect listed species or critical habitat. If a listed
species or critical habitat is likely to be affected by a proposed federal action, the federal agency must
provide the USFWS and NMFS with an evaluation whether or not the effect on the listed species or
critical habitat is likely to be adverse. Often this information is referred to as a “consultation package” or
Biological Assessment (BA). The USFWS and/or NMFS uses this documentation along with any other
available information to determine if a formal consultation or a conference is necessary for actions likely
to result in adverse effects to a listed species or its designated critical habitat. After USFWS and NMFS
review the BA, these agencies provide their determinations regarding the nature of any effects on each
listed species or critical habitat. For each species that is likely to be adversely affected (i.e., subject to take
or adverse effect on critical habitat), formal consultation with the agency is required, culminating in the
agency’s issuance of a BO, which contains the necessary and sufficient terms and conditions under which
the action can proceed. For each species not likely to be adversely affected, informal consultation is
required, the conclusion of which is the agency’s written concurrence with the findings, including any
additional measures mutually agreed upon as necessary and sufficient to minimize adverse impacts to
listed species and/or designated critical habitat.

Although an authorization is not required by the MMPA if marine mammals are not being taken, the
NMFS and USFWS believe an incidental take authorization under the MMPA is warranted in an area
where marine mammal species are likely to occur because seismic-survey sounds have the potential to
harass marine mammals. In addition, NMFS cannot issue an exemption to the take prohibitions for
harassment through an ITS unless appropriate MMPA incidental take is authorized. Because a BO,
including an ITS, is issued under the ESA once the requirements of Section 101(a)(5) of the MMPA have
been met, seismic surveys that could affect ESA-listed marine mammals shall not commence until such
time that USFWS and NMFS issue the appropriate MMPA incidental take authorizations and coordinate
its requirements with those in the ITS. Although NSF and USGS are not requesting section 7 ESA
consultation at this time, this Programmatic EIS/OEIS may contain information relevant and applicable to
support future NSF and USGS consultations on ESA-listed species and critical habitat for site-specific
marine seismic cruises as required under the ESA

1.8.,5 Magnuson-Stevens Act (MSA)

The Magnuson-Stevens Fishery Conservation and Management Act (Public Law 94-265) (Magnuson-
Stevens Act or MSA) established U.S. jurisdiction from the seaward boundary of the coastal states out to
200 nm (370 km) (i.e., U.S. EEZ) for the purpose of managing fisheries resources. The MSA is the
principal federal statute that provides for the management of marine fisheries in the U.S. The purposes of
the MSA include: (1) conservation and management of the fishery resources of the U.S.; (2) support and
encouragement of international fishery agreements; (3) promotion of domestic commercial and
recreational fishing; (4) preparation and implementation of Fishery Management Plans; (5) establishment
of Regional Fishery Management Councils; (6) development of fisheries which are underutilized or not
utilized; and (7) protection of Essential Fish Habitat (EFH).
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Under provisions of the MSA, eight Regional Fishery Management Councils (Councils) were established
for the New England, Mid-Atlantic, South Atlantic, Caribbean, Gulf of Mexico, Pacific, Western Pacific,
and North Pacific regions. Each Council is responsible for developing Fishery Management Plans (FMPs)
for domestic fisheries within its geographic jurisdiction. The Secretary of Commerce is responsible for
developing an FMP for Atlantic highly migratory species, including tunas, sharks, and swordfish. Each
FMP identifies and describes EFH for managed fisheries. EFH is defined as those waters and substrate
necessary to fish or invertebrates for spawning, breeding, feeding, or growth to maturity. Areas
designated as EFH contain habitat essential to the long-term survival and health of U.S. fisheries.

Federal agencies that authorize, fund, or undertake actions that may adversely affect EFH must consult
with the Secretary of Commerce, through NMFS, regarding potential effects to EFH, and NMFS must
provide conservation recommendations. To carry out this mandate efficiently, NMFS combines EFH
consultations with existing environmental reviews required by other laws, so almost all of the
consultations are completed within the time frames of those other reviews. The MSA reiterates that the
Councils may, or in the case of anadromous fisheries must, comment on federal or state actions that affect
fishery habitat, including EFH. Federal agencies are required to respond in writing within 30 days of
receiving EFH conservation recommendations from NMFS or the Councils. Although NSF and USGS are
not requesting MSA consultation at this time, this Programmatic EIS/OEIS may contain information
relevant and applicable to support future NSF and USGS consultations on EFH on site-specific marine
seismic cruises as required under the MSA.

1.8.6 Coastal Zone Management Act (CZMA)

In general, the jurisdictional purview of each state or territory within the U.S. extends 3 nm (5.6 km)
offshore of the coast and coastal islands. While these areas fall within U.S. Territorial Waters and
activities within these areas are evaluated under NEPA, they are also subject to additional state
regulations when federal sovereign immunity has been waived by Congress. The CZMA requires that
“any federal activity within or outside of the coastal zone that affects any land or water use or natural
resource of the coastal zone” shall be “consistent to the maximum extent practicable with the enforceable
policies” of a state’s coastal zone management plan. Federal agencies, in carrying out their functions and
responsibilities, shall consult with, cooperate with, and, to the maximum extent practicable, coordinate
their activities with other interested federal agencies.

1.8.7 United Nations Convention on the Law of the Sea (UNCLOYS)

Promulgated in 1982, UNCLOS gives coastal nations sovereign rights to the seafloor and sub-seafloor
beyond 200 nm (370 km) if the criteria of Article 76 are satisfied. Although the U.S. has not ratified
UNCLOS, it has an inherent interest in knowing where the outer limits of the extended continental shelf
beyond 200 nm (370 km) are located. Because one of the formulae in Article 76 requires sediment
thickness, seismic surveys are therefore also sometimes required beyond 200 nm (370 km) for the U.S. to
understand the full extent of its sovereign rights. The USGS is the lead agency for seismic studies within
the U.S. Extended Continental Shelf Interagency Task Force for identifying these outer limits.

1.9 ENVIRONMENTAL REVIEW PROCESS

A description of the EIS/OEIS process and timeline follows and is summarized in Figure 1-1. Input from
the public obtained during the scoping process (Section 1.9.2) was used to refine further the key issues
that have been analyzed in this EIS/OEIS.
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1.9.1 Notice of Intent (NOI)

Official notification of NSF’s Proposed Action began with the publication of the NOI in the Federal
Register on September 22, 2005 (NSF 2005). The NOI briefly summarized the Proposed Action; the
scoping process; and the dates, times, and locations of the public scoping meetings.

1.9.2 Scoping Process

Scoping meetings were held in the following six communities that were expected to have public, agency,
research institution, or industry interest in the Proposed Action: Silver Spring, Maryland; Woods Hole,
Massachusetts; College Station, Texas; Anchorage, Alaska; San Diego, California; and Honolulu, Hawaii.
An advertisement describing the Proposed Action was placed a week before the scoping meetings in local
newspapers. A copy of this advertisement is found in Appendix A. The advertisements provided the
times, dates, and locations of the scoping meetings. Public comment was solicited in the advertisements
and during the scoping meetings.

Notice of Intent Published
(September 22, 2005)

Scoping Period (30 Days)
and Public Scoping Meetings
(September 22 - October 28, 2005)

Preparation of Draft EIS/OEIS

Public Comment Period (45 Days)
and Public Hearings
(October 8 - November 22, 2010)

Preparation of Final EIS/OEIS

Notice of Availability of Final
EIS/OEIS

Public Comment Period
(30 Days)

Record of Decision

Figure 1-1. EIS/OEIS Process
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The scoping meetings were designed in an “open house” format to facilitate dialogue with NSF and
agency personnel and the public. Displays were presented to enhance public understanding of the NEPA
process, the need for the Proposed Action, and the public’s role in shaping the proposal.

NSF provided the public with several avenues for providing comments during the scoping process and at
the meetings. Scoping meeting attendees could submit written comments prepared prior to the meeting,
complete a comment form provided by the NSF, or dictate their comments to an NSF representative for
computer entry. An e-mail address was also provided at the meetings and in the advertisements for
submitting comments. A total of 78 people attended the six scoping meetings. In total, four written
comments were received during the official comment period between September 22 and October 28, 2005
(refer to Appendix A). Only one written comment sheet (praising the posters as very informative and
personnel quite knowledgeable) was received from the six meetings; three more letters (via email) were
received during the scoping comment period. One from the Office of Hawaiian Affairs expressing their
regrets at not attending the meeting but look forward to receiving the Programmatic EIS/OEIS; one from
the USGS indicating they have no comments at this time; and one from the Natural Resources Defense
Council (NRDC). Comments received during the scoping period helped refine the NSF proposal and are
reflected in Chapter 2, Description of the Proposed Action and Alternatives.

1.9.3 Draft EIS/OEIS

As defined in CEQ regulations, an EIS/OEIS is a concise public document specifying environmental
impacts from a proposed action for which a federal agency is responsible. The EIS/OEIS provides a full
and objective discussion of potential significant environmental impacts. An EIS/OEIS ensures that the
programs and actions of the federal government meet the policies and goals set forth in NEPA and EO
12114. NSF and USGS consider potential environmental impacts in conjunction with other relevant
materials to plan actions and make decisions. In accordance with NEPA, NSF initiated a public and
agency scoping process to assist with the identification of relevant environmental issues to be analyzed in
this Programmatic EIS/OEIS.

This Draft EIS/OEIS has been prepared by NSF as lead agency and NOAA and USGS as cooperating
agencies in accordance with CEQ regulations implementing NEPA (40 CFR 1502.20), and NOAA
procedures for implementing NEPA (NOAA 1999). This Draft Programmatic EIS/OEIS evaluates a full
range of reasonable alternatives, including the No-Action Alternative. Descriptions of the alternatives can
be found in Chapter 2.

The NOA of the Draft EIS/OEIS for public review and the notice of public hearings was published in the
Federal Register on October 8, 2010 and in local newspapers. It was also made available on NSF’s Ocean
Sciences environmental compliance website (http://www.nsf.gov/geo/oce/envcomp/). The Draft
EIS/OEIS was provided via compact discs to regulatory agencies and other stakeholders, and individuals
who requested a copy during the scoping period. A minimum 45-day public comment period will
immediately follow Federal Register publication of the NOA for the Draft EIS/OEIS. Public hearings will
be held at the following locations:

e Scripps Institution of Oceanography, University California-San Diego, Vaughn Hall, Room 100,
Discovery Way, La Jolla, CA.
o National Science Foundation, 4201 Wilson Blvd., Room 110, Arlington, VA.

Public hearings will provide an opportunity for interested parties to comment on the content of the Draft
EIS/OEIS.
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1.9.4 Final EIS/OEIS

Following the close of the comment period, written and oral comments on the Draft EIS/OEIS will be
reviewed and responses to those comments prepared. A Final EIS/OEIS will then be prepared,
incorporating responses to comments and any additional evaluation that may be warranted. Copies of all
comments received on the Draft EIS/OEIS and the corresponding responses will be included in Appendix
A of the Final EIS/OEIS. The Final EIS/OEIS will be distributed and made publically available in the
same manner as the Draft EIS/OEIS, but to an expanded list of recipients based on requests received
during the Draft EIS/OEIS comment period.

1.9.5 Record of Decision (ROD)

Following issuance of the Final EIS/OEIS, and the subsequent 30-day “cooling off period,” a ROD will
be issued by NSF and USGS. The NSF/USGS ROD will be published in the Federal Register and
distributed to interested agencies and parties.
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CHAPTER 2
DESCRIPTION OF THE PROPOSED ACTION AND ALTERNATIVES

A variety of methods and equipment are employed by marine seismic researchers when conducting
seismic surveys, and Section 2.1 presents an overview of these methods. Section 2.2 describes the
Proposed Action including a discussion of the research vessels and acoustic sources proposed for use
during NSF-funded or USGS marine seismic research. Section 2.3 describes the approach to analysis for
this Programmatic EIS/OEIS, in particular the approach to acoustic modeling. Section 2.4 discusses the
alternatives carried forward for analysis and associated mitigation measures; Section 2.5 discusses
adjustments to mitigation, monitoring, and reporting based on adaptive management; and Section 2.6
discusses alternatives considered but not carried forward for detailed analysis.

2.1  MARINE SEISMIC RESEARCH METHODS

Research for understanding the nature of the Earth’s crust and dynamic processes often begins with
seismic exploration. The opportunities for research using seafloor seismic data to understand the natural
forces that shape and change our planet have never been greater than they are today. Major advances in
data storage and microprocessor technology have allowed the development of a new generation of
instruments for conducting marine seismic research. These advances make it possible to probe deep
beneath the oceans and observe Earth’s interior and to carry out a whole new class of seismic research in
the oceans, including discovering records of sea-level rise that are key to understanding global climate
change, and mapping the deep structure and active geological processes along fault zones, which may
give clues about fault behavior that lead to tsunami-generating earthquakes (Multichannel Seismic [MCS]
Advisory Board 2006).

Seismic surveys use the principle of an active sound source (controlled sound source) and receiver
system. The ‘source’ for marine seismic operations is most often a group (array) of airguns that are towed
behind a research vessel moving approximately 4 nautical miles per hour (knots [kt]) (7 km per hour
[km/hr]). Airguns produce low-frequency (10-50 hertz [Hz]) sound by releasing bubbles of compressed
air every 5-60 seconds (sec). This sound propagates through the ocean floor, sometimes up to 19 miles
(mi) (30 km) below it, and is reflected or refracted back by geological discontinuities or velocity gradients
(Figure 2-1). For seismic reflection studies, the ‘receiver’ is usually a long (0.6-3.7 mi [1-6 km]) string of
hydrophones (streamer) towed behind the research vessel to record the reflected sound (echoes).
Sophisticated computer algorithms process the multiple channels of seismic data (i.e., MCS) and
construct a sub-surface map of the Earth’s internal structure. Depth to the structures is calculated by
measuring the amount of time it takes for the sound to make its round trip from the near sea surface
(airguns) to the structures and back to the hydrophones. This total time can be converted to depth below
the seafloor. For seismic refraction studies, ocean bottom seismometers/hydrophones (OBS/Hs) are often
used to record the seismic signals. These bottom instruments remain stationary on the seafloor and
generally provide better signal-to-noise ratios for seismic signhals compared to older sonobuoy technology
of hydrophones suspended from a buoy floating (and drifting) at the sea surface. In the 1960s, airguns
rapidly replaced the initial use of explosives as the sound source for marine seismic work and remain the
most effective sound source presently available. As will be presented, variations in the typical airgun
array and towed hydrophone streamer configuration exist and are used in circumstances that favor other
methods.
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In addition to conventional airguns and similar systems (e.g., water guns and generator-injector [Gl]
guns), marine seismic researchers can utilize a variety of other seismic sources within a wide range of
frequencies in order to carry out operations in a variety of environments. High frequency seismic systems
provide the highest resolution, but are limited in amount of penetration below the sea floor. Low
frequencies yield more penetration, but less resolution.

When selecting a system or systems to use in a prospective study, the research objectives and survey
environment, or geologic setting, will dictate system choice. For example, a seismic survey might be
designed to determine sediment lithologies, delineate stratigraphic boundaries, map submarine slide
deposits, or find specific features (e.g., migrating gas, carbonate deposits). Often an investigator will
operate multiple seismic-reflection systems simultaneously. One consideration in designing survey
systems is the trade-off between range, or penetration, and resolution. In the marine, lacustrine, or
estuarine environments, the best source is determined primarily by the water depth and the type of
sediments/rocks in the substrate. Additionally, logistical parameters (e.g., cost, boat size, noise, time
available, number of crew available, weather, environmental factors (ambient noise, ship traffic, etc.)
enter into the decision as to which system(s) will be utilized for a given marine seismic survey.

The timing of surveys is dictated by seasonal sea conditions, particularly sea state and seasonal weather
patterns (i.e., avoiding hurricanes, typhoons, etc.). These timing factors are further constrained by the
transit times for a research vessel to travel between often widely spaced study locations, given a global
demand for seismic research sites and limited number of vessels capable of conducting seismic research.

In addition to airguns or other active seismic acoustic sources, other ‘non-seismic’ acoustic sources are
used during proposed NSF-funded and USGS marine seismic research activities including MBESs, SBPs,
ADCPs, fathometers, and pingers. The following sections describe the various seismic acoustic sources
(e.g., airguns, Gl guns, water guns, sparkers, boomers, and chirp systems) and non-seismic acoustic
sources (e.g., MBESs, SBPs, etc.) that may be used by NSF-funded or USGS researchers when
conducting marine seismic research.

2.1.1  Seismic Acoustic Sources Used in Marine Seismic Research

2.1.1.1 Airguns and Airgun Arrays

The most common acoustic source for marine
seismic research is airguns, the first of which was
introduced in the 1960s. An airgun is essentially a
stainless steel cylinder charged with high-pressure
air (Figure 2-2). The seismic signal is generated
when that air is released nearly instantaneously into
the surrounding water column. The compressed air is
supplied by compressors on board the source vessel.
Seismic pulses are typically emitted at intervals of 5-
60 sec, and occasionally at shorter or longer
intervals.

Figure 2-2. Representative Airgun

2-3



Programmatic EIS/OEIS
NSF-funded & USGS Marine Seismic Research Draft October 2010

Airgun Operating Principles

An airgun is a pneumatic sound source that creates predominantly low-frequency acoustic impulses by
generating bubbles of highly compressed air in water (Figure 2-3). Compressed air is fed into the main
chamber while the solenoid is closed (Charge, Figure 2-3). Once the solenoid valve opens (i.e., the airgun
is “fired”), the shuttle moves releasing the air into the surrounding water column (Discharge, Figure 2-3).
This rapid release of highly compressed air, typically at pressures of 2,000 pounds per square inch (psi),
from the airgun chamber generates an oscillating air bubble in the water. The effect is similar to popping
a balloon — when the high-pressure air inside the balloon is quickly expelled into the surrounding medium
(air), a pressure pulse is created, and this is perceived by a listener as a loud sound. In the case of airguns,
expansion and oscillation of the air bubble(s) in the water column generates a strongly peaked, high-
amplitude acoustic impulse that is useful for seismic profiling.

The main features of the pressure signal generated by an airgun are the strong primary peak and the
subsequent bubble pulses or ‘bubble train’. For each airgun, the amplitude of the seismic signal is a
function of the volume and pressure of the air inside the airgun and the airgun’s depth under the water
surface. For the marine seismic researcher, the train of bubble pulses is an undesirable feature of the
airgun signal because it interferes with the detection of distinct sub-bottom reflections. Therefore, in order
to both to increase the pulse amplitude (to see deeper into the Earth) and to dampen the bubble train
quickly, marine seismic researchers generally combine multiple airguns together into arrays. Airgun
arrays provide several advantages over single airguns for deep geophysical surveying:

o Airgun arrays, when designed appropriately, project maximum peak levels toward the seabed
(i.e., in the vertical direction) and notably lower levels in some or all near-horizontal directions.

o By utilizing airguns of many different volumes that are spaced optimally, airgun arrays may be
“tuned” to increase the amplitude of the primary peak and simultaneously decrease the relative
amplitude of the subsequent bubble pulses.

Types of Airguns

Geophysicists use several different kinds of airguns for seismic surveying, depending on the application.
Most commonly used is an airgun that utilizes the motion of an internal shuttle to release pressurized air
from the gun chamber through several venting holes (ports) on the gun casing. Conventional airguns are
available with a wide range of chamber volumes, from under 5 cubic inches (in3) to over 2,000 in®, and
are used for many different applications from shallow-hazard surveys (requiring small airguns) to deep
crustal studies (requiring large airguns). Due to the high pressures involved in their operation, traditional
airguns are subject to wear from significant recoil forces (due to the motion of the shuttle), which
hampers their reliability. Thus modern airguns, such as “recoilless” G-guns and sleeve-guns, have been
developed with improved firing mechanisms to overcome some of the reliability issues associated with
conventional airguns. However, the principle of operation remains the same and the acoustic overpressure
waveforms produced by these modern airguns are very similar to those of traditional airguns.

Unlike conventional airguns, a Gl gun is a specialized kind of airgun that produces a different
overpressure signature than conventional airguns. Gl guns utilize two, independently fired air chambers
(the “generator” and the “injector”, respectively) to tune the air bubble oscillation and minimize the
amplitude of the bubble pulse. Using one or more Gl guns, the geophysicist can achieve very high peak-
to-bubble amplitude ratios without an array. Gl guns are often used for shallow, high-resolution seismic
profiling.
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For the purposes of this EIS/OEIS, the various types of airguns (e.g., traditional airgun, G-guns, and GlI-
guns) will all be referred to simply as ‘airguns’ unless it is important within the discussion to specifically
state what type of seismic device is being addressed.

2.1.1.2 Water Guns

Water guns are another category of pneumatic sound source that is occasionally used for marine
geophysical surveys as an alternative to airguns. Water guns generate frequencies on the order of 20-
1,500 Hz depending on the size of the air chamber. The water gun is similar to the airgun, but unlike
airguns, water guns are implosive rather than explosive and are more effective at collapsing the bubble
pulse, thus generating a cleaner signal. The 15 in® water gun is an excellent source for shallow-water,
high-resolution studies. The water gun is divided into two chambers: the upper firing chamber, which
contains compressed air, and the lower chamber, which is filled with water. When the gun is fired, the
compressed air forces the shuttle downward and this expels the water from the lower chamber. Because
no air is released, there is no bubble pulse. The shot of water leaving the gun creates a void behind it and
the collapse of water into this void creates an acoustic wave. High air pressure and small chamber size
yield a higher frequency signal (high resolution and shallow penetration), whereas, low air pressure and
large chamber size yield a low-frequency signal (low resolution and deep penetration). Water guns, like
airguns, can be used individually or in arrays. The return signals are received by a towed hydrophone
array.

2.1.1.3 Sparkers

Sparkers are electrical seismic sources that generate acoustic pulses by vaporizing seawater using high-
voltage electrical currents. Sparkers employ large banks of capacitors to generate high voltages, which are
then discharged across pairs of underwater electrodes separated by seawater. The spark generated by the
electrodes creates steam bubbles in the water. The formation, oscillation, and collapse of these bubbles
generate a strongly spiked acoustic pulse in the water that can penetrate several hundred meters into the
seafloor, and is useful for high-resolution seismic profiling. The sparker is one of the oldest marine
seismic sources, and many different kinds of sparkers are currently in use.

2.1.1.4 Boomers

Boomers are electromechanical sound sources that generate short (< 1 millisecond [ms]), broadband
acoustic pulses in the 300-3,000 Hz range useful for high-resolution, shallow-penetration sediment
profiling. The acoustic impulse from a boomer is generated when two spring-loaded plates are electrically
charged causing the plates to repel, thus generating an acoustic pulse. Spatial resolution of the boomer
system ranges from 1.6 to 3.2 feet (ft) (0.5 to 1 meter [m]) and penetration of the seafloor ranges from 82
to 164 ft (25 to 50 m). This system is commonly mounted on a sled and towed off the stern or alongside
the ship. The reflected signal is received by a towed hydrophone streamer.

2.1.1.5 Chirp Systems

Chirp systems are a type of SBP that achieves deep bottom penetration while maintaining high resolution.
They emit a ‘swept’-frequency signal, meaning that the transmitted signal is emitted over a period of time
and over a set range of frequencies. This repeatable (transmitted) waveform can be varied in terms of
pulse length, frequency bandwidth, and phase/amplitude. A matched filter, or correlation process,
collapses the swept FM received signal into a pulse of short duration, maximizing the signal-to-noise-
ratio. The reflected signal is received by the same tuned transducer array that generates the outgoing
acoustic energy. Chirp systems enable high-resolution mapping of relatively shallow deposits, and in
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general, have less penetration than the impulse-type systems (air or water guns, sparkers, and boomers).
Newer chirp systems are able to penetrate to comparable levels as the boomer, yet yield extraordinary
detail or resolution of the substrate.

2.1.2  Non-Seismic Acoustic Sources Used in Marine Seismic Research

Non-seismic acoustic sources are those acoustic sources that are used in support of seismic acoustic
sources (i.e., airguns, waterguns, etc. that are used to map the subsea floor) and primarily consist of
bottom mapping echosounders, acoustic pingers used to detect or position equipment, current profilers,
and acoustic releases.

2.1.2.1 Multibeam Echosounder (MBES) and Sub-bottom Profiler (SBP)

During marine seismic research activities, the ocean floor is usually mapped with an MBES and an SBP.
Both systems are commonly operated simultaneously with the airguns. The MBES emits brief pings of
medium- or high-frequency sound in a fan-shaped beam extending downward and to the sides of the ship,
but not forward or aft. For operations in deep water (>3,281 ft [1,000 m]), the MBES usually operates at a
frequency of 12-15 kilohertz (kHz), but for projects limited to shallow water (<328 ft [100 m]), a higher
frequency MBES is often used.

The SBP is normally operated to provide information about the sedimentary features and the bottom
topography that is simultaneously being mapped by the MBES. The energy from the SBP is directed
downward by a 2.5-7 kHz transducer in the hull of the research vessel. The output varies with water depth
from 50 watts in shallow water to 800 watts in deep water.

2.1.2.2 Pingers

Omnidirectional pingers would also be used during proposed marine seismic surveys to position or
directionally locate the airgun arrays, hydrophone streamers, coring equipment, bottom cameras, or other
supporting equipment. In addition, a 12-kHz pinger would normally be used only during those seismic
survey cruises that have ancillary coring operations. The pinger is used to monitor the depth of the corer
relative to the sea floor. It is a battery-powered acoustic beacon that is attached to the coring mechanism.

2.1.2.3  Acoustic Doppler Current Profiler (ADCP)

An ADCP can calculate speed of the water current, direction of the current, and the depth in the water
column of the current. This instrument can be placed on the seafloor, attached to a buoy, or mounted on a
ship. The ADCP measures water currents with sound, using a principle of sound waves called the Doppler
effect and works by transmitting high frequency pings (normally 35-1,200 kHz) of sound at a constant
frequency into the water.

2.1.2.4 Acoustic Releases

OBS/Hs are self-contained data acquisition devices deployed from a survey ship and anchored to the sea
floor (see below for more information on OBS/Hs). Once the OBS/H is ready to be retrieved, an acoustic
release transponder interrogates the OBS/H with an omnidirectional 12-kHz signal with a source output of
approximately 187 decibels referenced 1 microPascal at 1 m (dB re 1 pPa-m) and a ping duration of 8 ms.
The burn wire release assembly is then activated, and the instrument is released from the anchor to float
to the surface. Interrogation of an acoustic release is generally done while the ship is stationary or moving
at very slow speeds.
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2.1.3 Acoustic Receivers Used in Marine Seismic Research

In marine seismic research, two primary instruments are used to receive the signal generated from the
acoustic source (airgun array) and reflected from features in the seafloor: hydrophone streamer cables
and OBS/Hs.

2.1.3.1 Hydrophone Streamer Cables

One or more hydrophone streamers 0.06-7.5 mi (0.1-12 km) long and approximately 4 inches (10
centimeters [cm]) in diameter act as receiving devices for acoustic sources (i.e., airgun array). The
streamer(s) are towed behind the source vessel at a depth of 7 to >33 ft (2 to >10 m). Because they are
towed, streamer cables always remain a fixed distance from the source. The streamer is constructed of a
number of transducers or hydrophones that are electrically wired together to act as one receiving system
(single channel) or multiple receiving systems (multichannel). This string of elements is placed in a
flexible sleeve or tube that is either a liquid-filled or solid-state system. Most hydrophone arrays are
digital, incorporating analog-to-digital conversion modules directly into the streamer rather than utilizing
older technology in which the signal traveled back to the ship before being digitized.

2.1.3.2 Ocean Bottom Seismometers/Hydrophones (OBS/Hs)

An OBS/H is a self-contained data-acquisition system deployed from a ship that records seismic data
generated by airguns and earthquakes. Typically the OBS/H is deployed from the ship and sits on ocean
floor because of a weighted anchor attached to it, where it remains stationary during the seismic survey.
OBS/Hs, because they are stationary on the seafloor, are at variable distances from the moving source.
The OBS/H contains a seismometer and/or hydrophone. Often, the three-component seismometer device
is designed to drop onto the seafloor a short distance away from the recording device housed in a
watertight container. After the OBS/H has been on the bottom for a period of time (ranging from days to
months), it releases from the anchor via an acoustic release and floats to the surface for recovery by a
ship. Tens to hundreds of OBS/Hs may be used on a marine seismic research cruise depending on the
scientific requirements and objectives of the research cruise. The deployment spacing of OBS/Hs also
varies depending on the survey-specific requirements. The nominal spacing is 9 mi (15 km), but this can
vary from as little as 3 mi (5 km) to as much as 15 mi (25 km). The OBS/Hs could be deployed and
recovered several (2 to 4) times during a survey. Although almost always retrieved at the end of each
survey cruise, on occasion, the OBS/Hs are left on the seafloor to record earthquake signals, in which case
they might remain on the seafloor for up to a year (the approximate battery life). OBS/Hs are designed so
that they can be deployed and recovered from almost any research vessel. Figure 2-4 depicts some
examples of OBS/Hs currently used in marine seismic research.

2.1.4 Types of Marine Seismic Surveys

Marine seismic airgun surveys are capable of high-resolution imaging of the seafloor, down to tens of
kilometers in depth, and are an essential tool for geophysicists studying the Earth’s structure. Similar to
medical ultrasound images, marine seismic surveys use a tuned sound source designed to penetrate the
target (ocean seafloor) coupled with receivers (hydrophones or seismometers) that will detect complex
‘echoes’ as the initial pulse bounces back off different densities of ocean floor sediments and rock or is
refracted back by velocity gradients.
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Seismic airgun surveys may be divided into two primary types, two dimensional (2-D) and three
dimensional (3-D), according to a goal to obtain a simple cross-sectional view or 3-D views of geological
structures. In addition to the survey design, resolution of collected data (depth of penetration/detail)
become a function of airgun output, hydrophone streamer length/receivers used, and use of reflection and
refraction signals. The fundamental data acquired in a marine seismic survey are the elapsed time between
the initial pulse of the active acoustic source (airgun) and reception of multiple return signals. The travel
times are dependent on the elastic properties of the medium, and, with analyses, may provide information
about seismic velocities, depths of interfaces, lithology, presence of free gas, and geological structures.

Reflection methods generally utilize information in the seismic waves that travel in vertical or near-
vertical to wide-angle reflected ray paths, resulting in travel time images that, after processing and
geometric corrections, resemble cross sections of the Earth showing the seafloor and sub-seafloor features
with marked changes in elastic parameters. Reflection surveys provide very detailed information on the
presence and shape of reflectors or discontinuities, though the velocity structure between reflectors is
often less well constrained by this method. These data are typically collected using towed hydrophones,
configured as single-channel or multichannel arrays. Refraction methods collect information from near-
vertical reflected to near-horizontal refracted raypaths and are interpreted using a combination of
modeling and inversion to yield results. Refraction surveys are typically designed to locate the basement
layer for a marine sedimentary section, to define different layers of the crust, or to study the velocity
characteristics of layered subfloor features. OBS/Hs are often used in refraction surveys. Seismic
refraction surveys provide constraints on the velocity structure and can be used to image 1- , 2- and 3-D
variations in seismic velocity. Generally speaking, this method can provide information on the location
and shape of reflectors, though the resolution is less than that obtained by reflection data. Thus the two
methods are complementary, with one being more sensitive to the shape, strength, and lateral continuity
of reflectors and the other being more sensitive to both vertical and horizontal velocity gradients.

Similar techniques are used in 2-D and 3-D seismic reflection surveys, the basic difference being density
of survey transects. In general, 2-D reflection surveys provide detailed images along widely spaced
transects but lack information between the transects. Generally, 2-D surveys are designed over large areas
to understand regional geologic framework. On the other hand, 3-D reflection surveys employ very dense
line spacing, of the order of 82-328 ft (25-100 m), and provide detailed, high-resolution 3-D volumetric
images of individual earth structures or layers of particular interest. Considerably less source effort (less
acoustic energy) ensonifies a given area of the seafloor at any one time in a 2-D survey as compared to a
3-D survey because of the wide spacing of lines in the former compared to the latter. Marine seismic 2-D
and 3-D reflection surveys require a suitable at-sea operational environment, particularly when the long
hydrophone streamers are deployed. Options to use OBS/Hs and discharge over them may replace use of
hydrophone arrays although both types of receivers may be used in some cases.

Similar techniques are also used in 2-D and 3-D seismic refraction surveys, the basic difference being the
distribution of receivers on the seafloor and the distribution of airgun profiles. For 2-D refraction
profiling, the OBH/Ss and airgun profiles are located along lines and the resulting data provides a cross-
sectional view of velocity structure. For 3-D seismic refraction surveys, the ocean bottom instruments and
the airgun profiles are distributed over an area in order to ensonify a volume of the Earth. The resulting
tomographic data are then used to construct 3-D maps of seismic velocity structure.

Airguns are the most common acoustic source for 2-D and 3-D seismic surveys, and have completely
replaced the past use of explosive charges. The volume of the chamber of an individual airgun can range
in size from 10s of cubic inches to several hundred cubic inches. A combination of airguns is called an

2-10



Programmatic EIS/OEIS
NSF-funded & USGS Marine Seismic Research Draft October 2010

airgun array; subsets of airguns within the overall array are called strings. Operators vary the size and
geometry of the source-array among (and sometimes within) marine seismic surveys to optimize the
resolution of the desired geophysical data. Under NSF-funded and USGS marine seismic research, airgun
sources for 2-D and 3-D seismic surveys are expected to range from 45 to 6,600 in®, with 1 to as many as
36 airguns discharging simultaneously. These sources emit pulsed rather than continuous sounds. While
the energy from a large array of airguns with multiple strings is directed downward and the short duration
of each pulse limits the total energy, a portion of the sound propagates horizontally and can be detectable
tens and sometimes hundreds of kilometers away (Greene and Richardson 1988; Bowles et al. 1994), and
occasionally thousands of kilometers away (Nieukirk et al. 2004). The same situation exists for natural
seismic events.

2.1.4.1 2-D Marine Seismic Surveys

Research vessels conducting 2-D surveys are generally 230-295 ft (70-90 m) long and tow a source array
at a depth of 16 to 39 ft (5 to 12 m) and 328-656 ft (100-200 m) behind the ship. Each source array is
about 66 ft (20 m) long and 79 ft (24 m) wide consisting of several strings of either identical or variable
configurations of airguns. Approximately 328-656 ft (100-200 m) behind the source array is a single or
multichannel hydrophone streamer from a few hundred meters long for high resolution surveys to as
much as 5-7.5 mi (8-12 km) long on specially outfitted vessels, including the Research Vessel (R/V)
Marcus G. Langseth (Langseth). Radar reflectors are routinely placed on tail buoys of the streamer for
detection by other vessels. Typical vessel speeds for marine 2-D surveys are approximately 4-5 kt (7-9
km/hr) and most seismic surveys use only a single vessel.

An airgun array is typically discharged about every 16 sec for a seismic reflection survey; the discharge
interval for refraction studies can vary from approximately 15 to 200 sec. The time between airgun
discharges is dependent upon the science mission and speed of the ship. Surveys are broken into straight
lines or “tracks”. To complete a survey, the ship will sail down a track from a few hours (typically) to a
few days (rarely), depending upon the size of the survey area and research objectives. It can take a ship 2
to 3 hours (hr) to turn around and initiate another survey track. The spacing between tracks can range
from 1.2 mi (2 km) to several miles; actual track spacing depends on the scientific objectives. Survey
operations may be conducted 24 hr per day and may take days to weeks to complete, depending upon
research objectives.

2.1.4.2 3-D Marine Seismic Surveys

3-D seismic surveys vary greatly depending on researcher requirements, subsurface geology, water depth,
and geological target. More equipment is towed in 3-D reflection surveys and more data recording
capability is required onboard the vessel thus requiring a vessel larger and better equipped than one
capable of conducting 2-D surveys. The R/V Langseth is the only U.S. academic vessel capable of
conducting 3-D surveys. A 3-D source array typically consists of two to four strings of airguns towed
behind the source vessel, with each string including two to nine operating airguns (Figure 2-5). The
overall array is typically 39-59 ft (12-18 m) long and 52-354 ft (16-108 m) wide, depending on number
and spacing of strings and airguns. The array configuration (i.e., number of strings, number of airguns per
string, size of airguns, depth of airguns, and spacing between airguns or strings) depends on the acoustic
energy needed to meet the research objectives. The strings of airguns comprising the airgun array are
normally aligned parallel with one another and parallel to the direction of travel. The airgun array is
typically towed 98-164 ft (30-50 m) behind the vessel at a depth of 6-39 ft (2-12 m).
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To record the acoustic signals originating from the airguns and reflected/refracted from structures in the
seafloor, one or more hydrophone streamer cables are towed with the front end 328-656 ft (100-200 m)
behind the source vessel at a depth of 7-20 ft (2-6 m) (Figure 2-6). When more than 1 streamer is towed,
the streamers are typically spread out laterally over a width of 492-1,968 ft (150-600 m). Each
hydrophone streamer can be 0.6-3.7 mi (1-6 km) long; NSF’s primary seismic vessel (R/V Langseth) will
normally deploy 1 to 4 streamers during a 3-D survey, each 3.7 mi (6 km) long. These hydrophone
streamers are passive listening devices consisting of multiple hydrophone elements that receive the airgun
acoustic signals that have been reflected from the seafloor. In addition to hydrophone streamers, OBS/Hs
can also be deployed from the source vessel or a support vessel; the number deployed depends on the
research experiment and space limitations of the research vessel(s). Depending on survey objectives, the
hydrophone streamers may or may not be deployed when OBS/Hs are being used as receivers.

The location of where the airguns are fired, the position of the streamer cables, and the depth of the
streamer cables is controlled by an integrated navigation system. Streamer depth is regulated by
automated depth controllers called ‘birds’. The streamer cable lateral position is calculated from a
network of active acoustic devices. The end of the cable is tracked using global positioning system (GPS)
satellites. Radar reflectors are routinely placed on tail buoys for detection by other vessels.

Typical vessel speeds for marine 3-D surveys are approximately 4-5 kt (7-9 km/hr) and most seismic
surveys use only a single vessel. A source array is discharged approximately every 10-15 sec or up to
every 4 minutes (min), depending on research requirements and type of survey (e.g., reflection vs.
refraction). The discharge interval is typically longer in a refraction survey, and OBS/Hs are commonly
used for refraction surveys.

The 3-D survey data are acquired on a line-by-line basis in which the vessel continues down a trackline
long enough to provide adequate subsurface coverage along the length of the survey area. Acquiring a
single trackline may take several hours, depending on the size of the survey area. The vessel then turns
180° onto another trackline and starts acquiring data while traveling in the opposite direction along that
trackline. Depending on whether streamers are being towed and on the length of the streamers, vessel
turns can be quick or slow (as much as 2-3 hr). Seismic vessels may operate day and night, and a survey
may continue for days or weeks, depending on the research objectives, size of the survey, data acquisition
capabilities of the research vessel, and weather conditions. It should be noted, however, that during a
survey, airgun discharges and data collection may not occur continuously, as streamer and source
deployment, at-sea equipment maintenance, turns, and other operations are also included in the survey
time.

Adjacent transit lines for a 3-D seismic survey are generally spaced within several hundred meters of one
another, and are parallel to one another across the survey area. Since the hydrophone streamer cables can
be 0.6-3.7 mi (1-6 km) long and spread out over a width up to 492-1,968 ft (150-600 m), this limits both
the turning speed and the area a vessel covers. Therefore, it is 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 trackline just completed.
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2.1.4.1 Other Types of Marine Seismic Surveys
Vertical Seismic Profile (VSP) Surveys

V'SP surveys are surveys where seismic data are recorded from sensors placed in a borehole (i.e., a hole
vertical to the ocean surface or seafloor) and the active source is on a drilling vessel or on another vessel
(offset or walkaway VSPs). No streamer is used and the source is typically a single gun. VSP surveys are
conducted by research ocean drilling vessels to monitor drilling objectives. Although a separate
Programmatic EIS/OEIS (NSF 2008b) was prepared to address the operation of the SODV (e.g., the
mechanical operation of the vessel, riserless ocean drilling, core sampling, and related onboard research
activities), this Programmatic EIS/OEIS will address the use of acoustic sources associated with the
operation of the SODV by the United States Implementing Organization (USIO), which is a member of
the IODP. Acoustic sources would include the use of airguns, MBES, SBP, and ADCP (NSF 2008b).

High-Resolution or Shallow-Water Hazard Seismic Surveys

High-resolution site surveys are conducted to investigate the shallow subsurface for gechazards and soil
conditions. A typical high-resolution seismic survey consists of a vessel towing a 0.6- to 1.2-mi (1- to 2-
km) long hydrophone streamer cable and one or a few airguns about 82-98 ft (25-30 m) behind the ship at
a depth of approximately 10-20 ft (3-6 m). A 2-D high-resolution survey usually has two strings with a
single airgun on each, while a 3-D high-resolution survey usually has two or more airguns per string. The
vessel travels at 3-4 kt (6-7 km/hr), and the airguns are discharged approximately every 7-10 sec. 3-D
high-resolution site surveys using ships towing multiple streamer cables can also be conducted. Up to six
streamers 328-656 ft (100 to 200 m) long are used with a tri-cluster of 8- to 10-in® GI airguns.

Use of OBS/Hs as Primary Acoustic Receivers

OBS/Hs (see Section 2.1.3.2) may be used exclusively as the receivers in some experiments with the
vessel towing only an airgun array and no streamers. OBS/Hs are nearly always used as an ‘array’ with
multiple units deployed in a pattern on the ocean floor. Collecting data during active source use is the
action under analysis in this document, but these instruments would also monitor for natural seismic
events in passive mode.

Time Lapse or Four-Dimensional (4-D) Marine Seismic Surveys

The purpose of 4-D surveys is to monitor the change over time of the subsurface geology below the
ocean. 4-D surveys can use either seismic streamer cables or, occasionally, ocean bottom cables to house
the seismic detectors. Whether the time-lapse surveys use streamer cables or seafloor cables to record the
seismic signals, the procedure is similar to that described for the 3-D seismic surveys or ocean bottom
cables (described below). Typically, this procedure is used in oil and gas offshore production areas and
not funded by NSF or conducted by the USGS. Academic 4-D surveys would be limited to returning to a
research site of interest over a scale of years to collect a new 2-D or 3-D data set to compare with the
original data.

Ocean Bottom Cable (OBC) Surveys

The use of OBCs is useful for obtaining multi-component (i.e., seismic pressure, vertical, and the two
horizontal motions of the water column, or seafloor) information. This multi-component information
allows more information to be extracted from the seismic data and hence greater information about the
characteristics in the subsurface. In addition, these surveys have the advantage of lower noise levels in the
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data because the cables are stationary rather than moving through the water, as is the case with streamer
cables.

OBC surveys require the use of multiple ships (i.e., usually two ships for cable deployment/retrieval, one
ship for recording, one ship for towing the airgun array, and two utility boats). These ships are generally
smaller than those used in streamer operations, and the utility boats can be very small. The cables are
deployed off the back of the layout boat. The length of the cable depends upon the survey objectives but
is typically 2.5 mi (4.2 km) and up to 7.5 mi (12 km). Groups of seismic detectors, usually hydrophones
and vertical motion geophones, are attached to the cable in intervals of 82 to 164 ft (25 to 50 m). Multiple
cables are laid parallel to each other using this layout method with a 164-ft (50-m) interval between
cables. Cables remain connected to a surface ship where recording occurs. Dual airgun arrays can be used
from two shooting vessels. When the cable is in place, a ship towing an airgun array (which is the same
airgun array used for streamer work discussed above) passes between the cables, discharging at a
predetermined rate. After a source line is completed, the source ship takes about 10 to 15 min to turn
around and pass down between the next two cables. When a cable is no longer needed to record seismic
data, it is retrieved and is moved to the next position. A cable can lay on the bottom anywhere from 2 hr
to several days, depending upon research requirements.

This approach is used by industry in high interest areas associated with oil and gas exploration and
production. Although academic researchers have utilized OBC surveys for specialized studies, there are
no OBCs owned within the academic community, so their use depends on access to industry equipment
and infrastructure. To date, OBC studies are rarely used for academic research and then on a very limited
scale and are currently not used in marine seismic research funded by NSF or conducted by USGS.
Instead, OBS/Hs are a less equipment intensive and less costly alternative used for NSF-funded and
USGS-conducted marine seismic research.

2.2  DESCRIPTION OF THE PROPOSED ACTION
2.2.1 Overview of Marine Seismic Research Funded by NSF or Conducted by USGS

It is expected that under the Proposed Action, NSF-funded or USGS marine seismic research activities
would be similar in duration and extent to those conducted previously and are summarized briefly below
and in Table 2-1. A more detailed summary of past NSF-funded marine seismic cruises can be found in
Appendix G.

Table 2-1. NSF-funded and USGS Marine Seismic Surveys (2003-2009)*

Trackline Seismic Water
Cruise Length Operations Depth
Year/Location Length (km) (hr) (m)
2009
SE Asia, TAIGER® 90 days 15,143 2,767 20—>6,800
NE Pacific — Oregon®®” 5 days 21 32 110-3,050
NE Pacific — Endeavour Ridge® 15 days 3,002 210 >1,000
SW Pacific®® 29 days 4,784 592 >1,000
NW Atlantic® 15 days 1,444 197 25-200
Puerto Rico (USGS)#? 9 days 821 125 >100
Arctic Ocean (USGS)®® 42 days 4,062 555 >2,000
2008
Costa Rica/Nicaragua — Caribbean®” 14 days 2,204 264 <100->2,500
Costa Rica/Nicaragua — Pacific® 27 days 4,257 540 <100—>2,500
E Tropical Pacific Ocean (southern)©? 4 days 146 20 >2,000
E Tropical Pacific Ocean (northern)®? 32 days 3,045 379 >2,000
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Table 2-1. NSF-funded and USGS Marine Seismic Surveys (2003-2009)*
Trackline Seismic Water
Cruise Length Operations Depth
Year/Location Length (km) (hr) (m)
Gulf of Alaska®™ 11 days 1,633 203 40-4,000
Santa Barbara Channel® 12 days 1,100 53 <50-580
NE Pacific Ocean®” 15 days 974 189 650-1,650
Arctic Ocean (USGS)®" 42 days 2,817 454 >2,000
2007
N Gulf of Mexico, Langseth calibration cruise®™ 14 days 865 104 <100->1,000
NE Indian Ocean™ 55 days 2,700 245 1,600-5,100
NE Pacific®’ 2 days 21 53 110-3,050
2006
SW Pacific Ocean, Louisville Ridge® ") 21 days 1,840 168 800-2,300
S Pacific®" 5 weeks 1,930 120 3,200-5,700
Avrctic Ocean, Beaufort & Chukchi Seas® 21 days 339 77 35-3,899
E Tropical Pacific Ocean®” 4 weeks 8,900 466 3,900-5,200
NE Caribbean (USGS)®? 17 days 2,550 448 >8,000
2005
SW Pacific Ocean*” 41 days 11,000 549 4,000-5,000
Gulf of Mexico, N Yucatan® 23 days 1,892 205 <100
Aleutian Islands®® 4 days 537 44 100-3,500
Alaska to Svalbard, Arctic Ocean®” 33 days 2,273 294 223-4,873
NE Caribbean (USGS)®? 21 days 252 63 >5,500
NE Caribbean (USGS)®® 21 days 557 116 >1,000
2004
SE Caribbean Sea, N of Venezuela® 40 days 6,605 755 15-6,000
NE Pacific Ocean, Blanco Fracture Zone"” 7 days 988 119 1,600-5,000
E Tropical Pacific, Central America*" 29 days 3,184 394 <100->5,000
SE Gulf of Alaska*? 17 days 1,111 131 30—>3,000
NW Atlantic Ocean, Newfoundland Margin®® 23 days 3,757 419 2,400-5,400
2003
N Gulf of Mexico, Ewing calibration cruise® 4 days 322 17 <100-1,000
E Tropical Pacific Ocean, Hess Deep® 12 days 1,580 192 2,000-3,400
E Tropical Pacific Ocean®®®
MARGINS — Central America 12 days 3,321 175 Unk
Galapagos Triple Junction area 6 days 1,387 69 Unk
Norwegian Sea, Norway Margin® 27 days 2,566 266 <100-5,000
Atlantic Ocean, Mid-Atlantic Ridge'” 6 days 302 37 1,500-4,500
N Gulf of Mexico (USGS)® 2 weeks 1,033 139 1,000-1,600

Notes: *USGS also conducts tens of cruises each year utilizing low-energy seismic sources that are not summarized here.
Sources: “Holst and Beland 2008; @SIO and NSF 2005; ©Haley 2006, University of Texas-Austin and NSF 2006; “’SIO and NSF 2004, SIO

2005¢; ®L-DEO and NSF 2003a, Smultea and Holst 2003; ®L-DEO and NSF 2003b, MacLean and Haley 2004; ’L-DEO and NSF
2003c, Holst 2004; ®L-DEO and NSF 2003e, Smultea et al. 2004; ©L-DEO and NSF 2003f, Holst et al. 2005a; ““L-DEO and NSF
2004a, Smultea et al. 2005; *YL-DEO and NSF 2004b, Holst et al. 2005b; “?L-DEO and NSF 2004c, MacLean and Koski 2005; *3L-
DEO and NSF 2004d; “University of Alaska-Fairbanks (UAF) and NSF 2005, Haley and Ireland 2006; “Haley and Koski 2004;
(9 -DEO and NSF 2004d, Ireland et al. 2005, L-DEO and NSF 2005; “"NSF 2006b; “®SI10 and NSF 2006b; “¥SI10 2006, SIO and
NSF 2006a; ®@Hutchinson and Hart 2004; ®Hart et al. 2006; ?PUSGS 2010a; ®Holst 2009a; ®¥SIO and NSF 2009; ®L-DEO and
NSF 2009, Holst and Beland 2010; ®Rice University and NSF 2009, Holst and Robertson 2009; ®”SIO 2007, SIO and NSF 2007;
@9-DEO and NSF 2008b, Holst 2009b; ®?L-DEO and NSF 2003g, LGL 2003; ®”SI0 2005b, 2006; “YL-DEO and NSF 2007b,
Holst and Smultea 2008; ®?L-DEO and NSF 2007a, Hauser et al. 2008; ®¥L-DEO and NSF 2008c, Hauser and Holst 2009;
©9Smultea and Holst 2008; ®¥SI0 and NSF 2008, SIO 2009; ®“Maosher et al. 2009; ©"Jackson & DesRoches 2008; *®Davila et al.
2005; ®IS10 2004.

2.2.1.1 NSF-Funded Marine Seismic Research

Under the Proposed Action, marine seismic surveys funded by NSF may take place across the world’s
oceans, including the Atlantic, Pacific, Indian, Arctic, and Southern Oceans, and in the Mediterranean
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Sea, and may be located in the EEZ or territorial waters of the U.S. or foreign countries. About 4-7
cruises are conducted each year with cruises lasting about 1-7 weeks, are generally more than 3 nm (5.6
km) off the coast, and primarily utilize high-energy source systems such as strings or arrays of 6-36
airguns. The amount of time in which seismic operations are conducted during any specific research
cruise may range from 20 to >800 hr and depends upon the objectives of the research and the
requirements of the geophysical study. Seismic operations generally occur in deeper, open ocean waters
but can range from <328 ft (100 m) to >26,247 ft (8,000 m). The research vessels have the capability of
towing different airgun configurations, depending on the need of the research and the scientific
objectives, and are described in more detail in Section 2.2.2. A variety of other research can also be
conducted on NSF-funded marine seismic research cruises, including, but not limited to, mapping, water
sampling, and scientific dredging, drilling, and coring. All NSF-funded seismic cruises would be
permitted according to the regulations of the applicable agencies of U.S. federal and state governments,
and (where appropriate) foreign governments.

2.2.1.2 USGS Marine Seismic Research

USGS seismic research for the past 3-5 years has been primarily coastal, utilizing high-resolution, low-
energy source systems in primarily coastal waters. Among the USGS Coastal Centers in California
(Menlo Park/Santa Cruz), Massachusetts (Woods Hole), and Florida (St. Petersburg), about 8-12 cruises
are run each year, utilizing a mix of daylight and 24-hour operations. The cruises last about 1-3 weeks,
are generally only within 3-5 nm (5.6-9.3 km) of the coast, and primarily utilize low-energy source
systems such as chirp and minisparker systems. Water depths vary by area of operations, for example, on
the Pacific coast, water depths are generally <328 ft (100 m), and generally not >3,281 ft (1,000 m). On
the Atlantic east coast, water depths are generally <66 ft (20 m), and generally not >328 ft (100 m). All
USGS seismic cruises would be permitted according to the regulations of the applicable agencies of U.S.
federal and state governments, and (where appropriate) foreign governments.

The research vessels used by USGS have the capability of towing different seismic sources and airgun
configurations, depending on the need of the research and the scientific objectives, and are described in
more detail in Section 2.2.2. USGS cruises have variable scientific objectives ranging from fault
identification (Pacific coast) to geological habitat mapping (all coasts) to assessing methane vents in
thawing permafrost regions (North Slope of Alaska). Recent mapping on the west coast has focused on
multiyear systematic mapping of California state waters with multiple acoustic systems (e.g., swath
mapping, side-scan sonar, and high-resolution chirp sub-bottom imaging). Similarly, the Woods Hole
office is engaged in a multiyear systematic mapping of Massachusetts state waters using similar systems
for overall coastal management. USGS has conducted similar studies off North Carolina, South Carolina,
and New York to evaluate the geologic basis for coastal erosion. Similar systematic mapping studies are
expected to continue off Oregon and Washington in future years.

Although USGS operated many large-source multichannel seismic reflection and refraction cruises in the
1970s, 1980s, and 1990s, these kinds of cruises have been more the exception than the rule for USGS
during the past decade. The only large-source cruises that USGS anticipates in the coming decade are
associated with an interagency effort to identify the outer limits of the Extended Continental Shelf. The
Extended Continental Shelf is that portion of a nation’s continental margin beyond 200 nm (370 km)
where a nation can exert sovereign rights over the seafloor and sub-seafloor as long as the nation can
show it meets the criteria set forth in Article 76 of the United Nations Convention on the Law of the Sea.
New 2-D seismic data are required in the Arctic, Atlantic, Bering Sea, and the Gulf of Alaska. Additional
2-D seismic data may be required in the Marianas and Line Islands. While not strictly mapping for
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scientific purposes, these cruises offer opportunities to collect sediment thickness, velocity measurements,
and basement information in frontier continental margin regions where no data have been collected (e.g.,
Arctic Ocean) or in areas where legacy data and navigation are of sometimes poor quality (e.g., Atlantic
margin).

2.2.2 Research Vessels Used in Marine Seismic Research Funded by NSF or Conducted by USGS

Under the Proposed Action, a number of research vessels would be used (Table 2-2). The ships are owned
by NSF, the U.S. Navy, U.S. Coast Guard (USCG), NOAA, universities, or non-profit research
organizations and are operated by academic or research institutions such as Lamont-Doherty Earth
Observatory (L-DEO), Columbia University; Woods Hole Oceanographic Institution (WHOI); University
of Hawaii; University of Washington; or Scripps Institution of Oceanography (SIO), University of
California — San Diego. Vessels could also be leased or contracted from private sources or could involve
foreign ships working in collaboration with U.S. scientists. Each vessel acts as the source vessel during
seismic research activities and tows the airguns and hydrophone streamers; provides electronic data
collection systems; and provides other necessary logistical support of associated research personnel; and
deploys and retrieves OBS/Hs, if needed. Each vessel also serves as the platform from which vessel-based
marine mammal and sea turtle observers (Protected Species Visual Observers [PSVOs]; previously called
Marine Mammal Observers or MMOs) would watch for animals before and during airgun operations.
Occasionally a second vessel is used for logistical support (e.g., deployment and retrieval of OBS/HS),
and in that case may serve as a supplemental platform for PSVOs (e.g., Smultea et al. 2004). Seismic
surveys may be conducted on only certain portions or ‘legs’ of a proposed cruise.

Most of the research vessels are scheduled and coordinated by the University-National Oceanographic
Laboratory System (UNOLS), an organization of 61 academic institutions and national laboratories
involved in oceanographic research. One of the primary functions of UNOLS is to ensure the efficient
scheduling of scientific cruises aboard the research vessels in the UNOLS organization (UNOLS 2010).

During 2003-2009, a variety of vessels were used to conduct USGS or NSF-funded marine seismic
surveys (Table 2-2 and Figure 2-7). The R/V Maurice Ewing (Ewing) was NSF’s primary marine seismic
survey vessel but was retired in 2005 and was replaced by the R/V Langseth in 2008. Under the Proposed
Action, the R/V Langseth is the primary seismic research vessel (see following discussion) for NSF-
funded seismic research, and the other vessels that have been used for seismic surveys would continue to
be the secondary research vessels. In addition, any of the other vessels listed in Table 2-2 have the
potential to be used for NSF-funded and USGS marine seismic research under the Proposed Action, as
well as research vessels operated by U.S. oceanographic institutions as part of the UNOLS research fleet,
vessels operated directly by the U.S. Government, and others as needed via contract or charter.

Table 2-2. Research Vessels Used or Potentially Used in NSF-funded or USGS Marine Seismic Research

Operating Crew/ Length | Marine Seismic Survey
Research Vessel Institution Owner Scientists | (ft [m]) Cruises (2003-09)
Large/Global

Melville SI0 U.S. Navy 23/38 279 (85) 2 (NSF)
Knorr WHOI U.S. Navy 24/32 279 (85) 1 (NSF)
Thompson uw U.S. Navy 24/36 274 (84) 2 (NSF)
Revelle SI0 U.S. Navy 22/37 274 (84) 4 (NSF)
Atlantis WHOI U.S. Navy 23/24 274 (84)

Langseth L-DEO NSF 20/35 235 (72) 8 (NSF)
Ewing Retired 9 (NSF)
Hesperides Ministry for Science & Technology, Armada Espanola | 55/30 266 (81) 2 (USGS)
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Table 2-2. Research Vessels Used or Potentially Used in NSF-funded or USGS Marine Seismic Research

Operating Crew/ Length | Marine Seismic Survey

Research Vessel Institution Owner Scientists | (ft [m]) Cruises (2003-09)
Intermediate/Ocean

Kilo Moana UH U.S. Navy 20/38 186 (57)

Wecoma 0oSuU NSF 13/18 185 (56) 2 (NSF)

Endeavor URI NSF na/na 185 (56) 1 (NSF)

Oceanus WHOI NSF 12/18 177 (54)

New Horizon SIO SIO 12/19 170 (52)
Regional/Coastal

Atlantic Explorer BBSR BBSR na/22 168 (51)

Sharp uD uD 7/16 146 (45)

Point Sur MLML NSF 9/11 135 (41)

Cape Hatteras DU/UNC NSF 10/13 135 (41)

Sproul SIO SIO 5/12 125 (38)

Pelican LUMC LUMC 5/16 116 (35) 1 (USGS)

Smith UM UM 96 (29)

Gyre No longer in UNOLS service 1 (USGS)
Global Class

Brown NOAA NOAA 16/32 274 (84)

Healy USCG USCG 101/35 420 (128) 2 (NSF)

Polar Star USCG USCG 141/20 399 (122)

Polar Sea USCG USCG 180/35 399 (122)

Louis S. St. Laurent | Canadian Coast Guard 46/20 394 (120) 2 (USGS)
Private/Commercial

Tiki X1V Tiki Adventures 3/12 80 (24) 1 (USGS)

Lakota Dixon Marine Services 54 (16) 1 (USGS)

Sea Explorer Ocean Institute 65 (20) 1 (USGS)

Notes: BBSR = Bermuda Biological Station for Research; DU/UNC = Duke Univ./Univ. of N. Carolina; HBOI = Harbor Branch Oceanographic Institution;
LUMC = Louisiana Universities Marine Consortium; MLML = Moss Landing Marine Labs; na = not available; OSU = Oregon State Univ.; TAMU
= Texas A&M University; UD = Univ. of Delaware; UH = Univ. of Hawaii; UM = University of Miami; URI = Univ. of Rhode Island; USCGC =
USCG Cutter; UW = Univ. of Washington. USGS also conducts 10s of cruises each year utilizing a number of smaller research and privately
contracted vessels that are not listed here.

Sources: Hart et al. 2006; NSF 2006b, 2008b; UNOLS 2010.

R/V Endeavor

R/V Roger Revelle

Figure 2-7 Representative Research Vessels Potentially Used in Marine Seismic Research
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2.2.21 R/V Langseth

Under the Proposed Action, the primary research vessel with the greatest survey capabilities for NSF-
funded marine seismic research would be the R/V Langseth (Figures 2-8 and 2-9). The R/V Langseth is
owned by NSF and operated by L-DEO of Columbia University, and is discussed in detail below.

Figure 2-8 R/V Langseth during Modification and Outfitting

Figure 2-9 R/V Langseth in Gulf of Mexico during Fall 2007 Calibration Cruise

The R/V Langseth has a length of 235 ft (72 m), a beam of 56 ft (17 m), and displaces 2,842 tons (2,578
metric tons). It will accommodate up to 55 personnel, 35 of whom are scientists/researchers. The ship is
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powered by two diesel Bergen BRG-6 engines each producing 3550 horsepower; the vessel also has an
800 horsepower bowthruster. It has two ducted, variable pitch, four-bladed Ulstein propellers. Originally
designed as a commercial seismic vessel, the propulsion system was designed to be as quiet as possible to
avoid interference with the acoustic signals associated with the seismic research surveys. Cruising speed
(while not towing seismic survey equipment and in transit between survey sites) is 11 kt (20.3 km/hr)
with a maximum speed of 13 kt (24 km/hr); the operating speed during seismic survey activities is
typically 4-5 kt (7-9 km/hr). Its range is approximately 13,500 nm (25,000 km). The R/V Langseth will
tow airgun arrays and, at times, up to four 3.7-mi (6-km) streamers containing hydrophones along
predetermined lines. It would also deploy and retrieve OBS/Hs if necessary. The R/V Langseth would
also serve as the platform from which vessel-based PSVOs would watch for marine mammals and sea
turtles before and during airgun operations (L-DEO 2010).

2.2.3 Proposed Acoustic Sources and Receivers for NSF-funded and USGS Marine Seismic
Research

2.2.3.1 R/V Langseth

Seismic Acoustic Sources — Airgun Arrays

Under the Proposed Action, the NSF-funded R/V Langseth would be capable of conducting a wide suite
of 2-D and 3-D marine seismic surveys with airgun sources ranging from one or two Gl guns towed side
by side with a discharge volume of 210 in® (or less) to 36 airguns on four strings with a discharge volume
of 6,600 in® (Table 2-3). Flexibility is provided by the ability to use one, two, three, or four strings at any
one time, or to use two pairs of two strings in a flip-flop fashion, depending on survey requirements.

For 2-D surveys, one to four strings would be towed as a single array, depending on seafloor penetration
requirements (Figure 2-10). For 2-D reflection profiling, one, two, or four strings may be deployed as
required by the study objectives. Each string would comprise a mixture of Bolt 1500LL airguns and
smaller Bolt 1900LLX airguns. The survey tow depth would range from approximately 16 to 39 ft (5 to
12 m), and the arrays would be towed 98 ft (30 m) behind the source vessel. Specific details for the
proposed 2-D surveys include:

o For reflection and refraction surveys, R/V Langseth would deploy four strings with 10 airguns
each can be deployed, with a total active discharge volume of 6,600 in® and occupying a 79 x 52
ft (24 x 16 m) rectangular area behind the R/V Langseth (Figures 2-11 and 2-12). Although each
string would have 10 airguns, only 9 airguns would be discharged simultaneously; the tenth
would be kept in reserve as a spare, to be used in case of failure of another airgun.

e For a two-string 2-D reflection survey, R/V Langseth would deploy two strings with 10 airguns
per string (Figure 2-13). As with the four-string array, only nine airguns would be discharged
simultaneously and the tenth would be a spare for a total active discharge volume of 3,300 in®,

e For 2-D high-resolution reflection surveys, two strings with one GI gun per string would be
deployed. The maximum total active discharge volume would be 210 in®, depending on how the
Gl guns are configured (Figure 2-14). The survey tow depth would be 10 ft (3 m) and the arrays
would be towed 98 ft (30 m) behind the source vessel.

2-22



Programmatic EIS/OEIS
NSF-funded & USGS Marine Seismic Research

Draft

October 2010

Table 2-3. Proposed Seismic Source Configurations Used by the R/V Langseth for NSF-funded Marine Seismic Research

Towing Air Dominant
Depth of | Discharge Frequency
Airgun /GI Gun Nominal Source Output Source Volume Components
Configuration Energy Source (downward)* (m) (in) (Hz) Obijective
2 Gl guns towed 2 Gl guns @ 45, 75, or 105 in>** _ . .
side-by-side (Gun volumes configured depending on O'k?kk_zzgjodg’g iel 1” P;:T]m 3 210** 2-188 ?e-ﬁelgtligohn-resolutlon
(Figure 2-14) investigator needs) PK-p H
4-gun arrays .3
. 4 Gl guns @ 45, 75, or 105 in*** o ) )
(2 strings, (Gun volumes configured depending on 0-pk 340 dB re I uPa-m 3 420** 2-188 3.D dual source
2 guns/string) investigator needs) pk-pk =246 dB re 1 uPa-m high resolution
(Figure 2-17) g
18-gun array
(2 strings, ,
9 airguns/string 10 Bolt 1500LL airguns @ 180-360 in 0-pk =252 dB re 1 uPa-m i i i .
& 1 sparelstring) | 8 Bolt 1000LLX airguns @ 40-120 in° | pk-pk =259 dB re | uPa-m 6 3,300 2-188 | 2-Dand 3-D reflection
(Figures 2-13,
2-15, and 2-16)
36-gun array
O argunsisring | 20 Bolt 1500LL airguns @ 180-360 in® | 0-pk =259 dB re 1 yPa-m 6 6,600 2-188 | 4-string, 2-D reflection
g "9 1 16 Bolt 1900LLX airguns @ 40-120 in® | pk-pk = 265 dB re 1 wPa-m ' 9
& 1 spare/string)
(Figure 2-11)
36-gun array
(4 strings, ; _260 ind ok = -
9 airguns/string 20 Bolt 1500LL airguns @ 180-360 in 0-pk =258 dB re | pPa-m 12 6,600 2-188 4-string, 2-D refraction

& 1 spare/string)
(Figure 2-12)

16 Bolt 1900LLX airguns @ 40-120 in®

pk-pk =264 dB re 1 uPa-m

Notes: *All source level estimates are for a filtered bandwidth of approximately 0-250 Hz. dB = decibels; pk = peak.
Especially for the larger sources, the maximum level measurable at any location in the water would be lower because the sources are all distributed sources. Also, especially for
the larger sources, effective source levels for near-horizontal propagation would be substantially lower than the quoted nominal source levels for downward propagation. In
addition, for the 36-airgun arrays, only two strings of 9 airguns would be discharged at any one time. The paired 9-airgun strings would be discharged in a flip-flop fashion.

**Indicates generator volume.

Source: L-DEO 2005.
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RV Langseth

4-String Airgun Array for 2-D Reflection (total active volume 6,600 in3)
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RV Langseth
4-String Airgun Array for 2-D Refraction (total active volume 6,600 in3)

2-26




To Vessel (30 m)
|

T RXRWw S w X W G w
&o 238|188 338|838
N
W
3
i = =
f R=Rsy oo
N
W
o
3 |
| == lliss! Y
* 28 Mma 8 28 Ma8.
' '
N N N
o~
AN
P~ 3
= © K=X=!
N
N
o
3
-+ s s
N
W
3
= o o
5 XS ==}
“w
o
3
i =N G N =M G
NN S N e T 5 ) NGO 2 O 5 )
NO L o O Lo
8m
LEGEND
in? | Volume in Cubic Inches Bolt 1500LL Ai Bolt 1900LLX Ai D I Water s
(m)| Tow Depth in Meters olt irgun olt irgun :-": n-Water Spare
Figure 2-13
RV Langseth

2-String Airgun Array for Unsedimented Ocean Crust 2-D Reflection (total active volume 3,300 in3)
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RV Langseth
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For 3-D surveys, two or four strings would be towed as a single array or a pair of two-string arrays
(Figures 2-15 and 2-16). Currently, it is expected that NSF would potentially fund only one 3-D survey
per year. Specific details for the proposed 3-D surveys include:

e The four-string 3-D dual-source reflection surveys, like the four-string 2-D surveys, would
employ 36 airguns, 10 airguns per string (9 active + 1 inactive spare), with only 18 airguns
discharging at any one time. The four strings would be configured as two pairs of two-string
arrays that discharge alternately (flip-flop configuration). Each string would comprise a mixture
of Bolt 1500LL airguns and smaller Bolt 1900LLX airguns. The total active discharge volume
would be 3,300 in®, the survey tow depth would be approximately 20 ft (6 m), and the arrays
would be towed 98-164 ft (30-50 m) behind the source vessel.

e For 3-D dual-source high-resolution surveys, two strings with two GI gun per string would be
deployed with a maximum total active discharge volume of 420 in®, depending on how the Gl
guns are configured (Figure 2-17). The survey tow depth would be 10 ft (3 m), and the arrays
would be towed 98 ft (30 m) behind the source vessel.

The airgun arrays would discharge in 2 modes: up to every 20-60 sec along the survey lines or tracks to
produce reflection data, and up to every 4 min for refraction data. During discharge, a brief
(approximately 0.1 sec) pulse of sound is emitted. The 20-sec discharge spacing during reflection lines
corresponds to an interval of about 164 ft (50 m) at normal shooting speed. Refraction lines would use a
4-min repetition rate to ensure complete filling of the larger 36-gun array, and to minimize the impact of
water column reverberation on detection of refracted signals. Airguns would be silent during the
intervening periods.

Because the actual source would be a distributed sound source (typically 2, 4, 18, or 36 airguns) rather
than a single point source, the highest sound levels listed in Table 2-3 apply only to downward
propagating signals. Because of the directional nature of the sound from large airgun arrays, the effective
source level for sound propagating in near-horizontal directions would be substantially lower than that for
downward propagation.
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RV Langseth
4-String Airgun Array for “Standard” 3-D Reflection (total active volume 3,300 in3)
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RV Langseth
4-String Airgun Array for “Wide” 3-D Reflection (total active volume 3,300 in3)
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RV Langseth
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Non-Seismic Acoustic Sources — MBESs, SBPs, Pingers, ADCPs, and Acoustic Releases

Five additional non-seismic active acoustic sources would be operated from the R/V Langseth during
most or all of a marine seismic research cruise: MBESs, SBPs, pingers, ADCPs, and acoustic releases.
These sound sources may be operated from the R/V Langseth simultaneous with the airgun array.

Multibeam Echosounder (MBES). The ocean floor would be mapped with the Kongsberg EM122. The
Kongsberg EM122 MBES operates at 10.5-13 (usually 12) kHz and is hull-mounted on the Langseth.
The transmitting beamwidth is 1 or 2° fore—aft and 150° athwartship. The maximum source level is 242
dB re 1 puPa -myy. Each ‘ping’ consists of eight (in water >3,281 ft [1,000 m] deep) or four (<3,281 ft
[1,000 m]) successive fan-shaped transmissions, each ensonifying a sector that extends 1° fore-aft.
Continuous-wave signals increase from 2 to 15 ms long in water depths up to 8,530 ft (2,600 m), and FM
chirp signals up to 100 ms long are used in water >8,530 ft (2,600 m). The successive transmissions span
an overall cross-track angular extent of about 150°, with 2-ms gaps between the pings for successive
sectors.

Sub-bottom Profiler (SBP). The ocean floor would also be mapped with the Knudsen 320B. The Knudsen
320B SBP is normally operated to provide information about the near seafloor sedimentary features and
the bottom topography that is mapped simultaneously by the MBES. The energy from the SBP is directed
downward by a 3.5-kHz transducer in the hull of the Langseth. The maximum output is 1,000 watts (204
decibels [dB]), but in practice, the output varies with water depth. Normal source output is 200 dB re 1
pPa-1 m at 500 watts, with a maximum source output of 204 dB re 1 pPa-1 m at 800 watts. Ping duration
is 1, 2, or 4 ms. The ping interval is 1 sec, but a common mode of operation is to broadcast five pings at
1-sec intervals followed by a 5-sec pause. Nominal beamwidth is 30°.

Acoustic Doppler Current Profiler (ADCP). An ADCP can be placed on the seafloor, attached to a buoy,
or mounted on a ship to measure the speed of the water currents. The ADCPs would operate at a
frequency of 35-1,200 kHz and a maximum acoustic source level of 224 dB re 1puPa-1 m over a conically-
shaped 30° beam.

Pingers. Locational and tracking pingers would be used on the airgun arrays, hydrophone streamers,
coring equipment, and other instruments such as cameras. A total of 32 omnidirectional pingers would be
used for multi-streamer 3-D surveys: 7 on each streamer and 1 on each source array string. The peak
output for the pingers used by the Langseth along the streamer would be 183 dB re 1 pPa-m at 55-110
kHz, with a maximum rate of 3 pings per 10 sec per pinger; the transducers would be powered by NiCad
batteries. In addition, a 12-kHz pinger would normally be used during those seismic survey cruises that
have ancillary coring operations. With the ship stationary during coring operations, a pinger, a battery-
powered acoustic beacon, would be attached to a coring mechanism to monitor the depth of the corer
relative to the sea floor. The pinger produces an omnidirectional 12-kHz signal with a source output of
approximately 192 dB re 1 pPa-m with one ping of 0.5, 2, or 10 ms duration per second.

Acoustic Releases. Once an OBS/H is ready to be retrieved, an acoustic release transponder interrogates
the OBS/H at a frequency of 9-11 kHz, and a response is received at a frequency of 9-13 kHz. The
acoustic release than activates the separation of the OBS/H from the sea floor anchor and the OBS/H
floats to the surface to be recovered by the survey ship.
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Acoustic Receivers

Depending on the requirements of the survey, acoustic data would be retrieved by the deployment of any
combination of hydrophone cables or streamers, OBS/Hs on the ocean floor, or sonobuoys on the ocean’s
surface. The OBS/Hs and sonobuoys would usually be deployed by the source vessel.

The R/V Langseth would be able to deploy and tow up to four hydrophone streamers, each 3.7 mi (6 km)
long and approximately 4 in (10 cm) in diameter, at the same time. Each streamer is a Thales solid-state
(not oil-filled) cable in 492-ft (150-m) sections. Each section has 12 hydrophone groups, each 41 ft (12.5
m) long.

The lateral separation between adjacent streamers would vary between 164 and 656 ft (50 and 200 m).
Since maximum streamer spacing is 656 ft (200 m), the maximum distance between 3-D tracklines would
be 1,312 ft (400 m). For a standard streamer spacing of 328 ft (100 m), trackline spacing would be 656 ft
(200 m), and for high-resolution work with a streamer spacing of 164 ft (50 m), the tracklines would need
to be at least 328 ft (100 m) apart.

2.2.3.2 Other Research Vessels

Seismic Acoustic Sources — Airgun Arrays

In addition to the R/V Langseth, all of the other research vessels associated with marine seismic research
funded by NSF or conducted by the USGS have the capability of towing various airgun configurations
(generally relatively small), depending on the capabilities of the research vessel, need of the researcher,
and the scientific objectives. In addition to the proposed acoustic source configurations of the R/V
Langseth (Table 2-3), it is expected that under the Proposed Action, marine seismic research activities
conducted on NSF-funded or USGS cruises would continue to occur using other research vessels. These
projects are expected to be similar in duration and extent to those previously conducted by NSF-funded or
USGS research vessels and would use source configurations similar to those used aboard research vessels
in the past (Table 2-4).

In addition to the seismic surveys conducted by the R/V Langseth and other research vessels, the SODV
would conduct VSPs to support riserless drilling operations as part of the IODP. Typically, the SODV
may either perform checkshot V'SP which is used to calibrate surface seismic surveys or a zero offset VSP
which would be used to derive formation velocities and identify certain features such as faults and
overpressure zones. From 2004 through 2006, the USIO performed a total of nine zero offset VSP
surveys that were generally less than 7 hours each in duration. The VVSP surveys utilized a single 210 in®
Gl airgun configured to operate with generator and injector volumes of 45 in® and 105 in®, respectively,
and an acoustical source output up to 191 dB re 1 pPa.

Depending upon site-specific conditions and research objectives, either a parallel cluster of two 250-in®
generator airguns (output up to 226 dB re 1 pPa rms at the source) or a single 250 in® generator airgun
(output up to 220 dB re 1 uPa rms at the source) would be used for future VSP experiments, with a
duration up to 12 hours. Occasionally the SODV may perform a limited scope single-channel seismic
survey to confirm existing site characterization geophysical data and drill site conditions. Generally, these
surveys would involve the use of a single 210-in® GI airgun typically configured to have a displacement
volume of 45 in®, a duration of less than 12 hours, and output at the source of up to 229 dB re 1 pPa rms
(NSF 2008b).

2-34



Programmatic EIS/OEIS

NSF-funded & USGS Marine Seismic Research

Draft

October 2010

Table 2-4. Past Configurations of Seismic Sources for Marine Seismic Research Funded by NSF or Conducted by the USGS (2003-2009)

Source Air
Tow Discharge Dominant
Nominal Source Output Depth Volume Frequency
Seismic Source Energy Source (downward)* (m) (in) (Hz) Vessel/Cruise & Year
. . Lakota/San Francisco, Calif. 06'®
Sparker SIG 2mille sparker 205 dB re 1 yPa-m @ 1,500 joules 0 na 800-850 Sea Explorer/Dana Pt. Calif. 0629
Sparker SIG ELC1200 sparker 205 dB re 1 pPa-m @ 1,500 joules 0 na 50-4,000 | Endeavor/NW Atlantic 09
Sparker SQUID 2000 minisparker 209 dB re 1 pPa-m @ 2,000 joules 0 na 150-1,700 | Melville/SB Channel 08®
Water gun Water gun @ 15 in® 204 dB re 1 pPa-m 1 na 20-1,500 . 19
Boomer Huntec boomer 205 dB re 1 pPa-m 1 na Gyre/Gulf of Mexico 03
. . Gyre/Gulf of Mexico 039
Chirp Edgetech 512i chirp 198 dB re 1 pPa-m 0 na 500-12,000 Melville/SB Channel 08@
Boomer Electromechanical boomer 219 dB re 1 pPa-m 0 na 100-2,500 | Melville/SB Channel 08
Glgun @ 13in%** 204 dB re 1 pPa-m 13**
1 Gl gun Gl gun @ 24 in®** 208 dB re 1 pPa-m 1 24** Gyre/Gulf of Mexico 039
Gl gun @ 35 in>** 208 dB re 1 pPa-m 35%*
1 Gl gun Gl gun @ 25 in>** 0-pk = 218 dB re 1 pPa-m 2 25%* <500 Melville/SB Channel 08
e 0-pk = 225.3 dB re 1 pPa-m 4 o ] Wecoma/NE Pacific 07?0 & 09
1Glgun Glgun @ 45 in pk-pk = 230.7 dB re 1 pPa-m 2 45 2-188 Endeavor/NW Atlantic 09¢?
.- 0-pk =231 dB re 1 pPa-m . i . o)
Gl gun @ 105 in pk-pk = 237 dB re | uPa-m 3 105 0-188 Thompson/Aleutians 05
1 Glgun 0-pk =230 dB re 1 pPa-m
i3k Pk = - Kk - H (14)
Glgun @ 75in pk-pk = 236 dB re | uPa-m 75 0-188 Knorr/NW Atlantic 04
2 Gl guns Gl airguns @ 45 in>** pk-pk = 235.8 dB re 1 pPa-m 90** 0-188 Revelle/ETP 03 & 04®
_ Revelle/SW Pacific 06; ETP 03" &
2 Gl guns Gl airguns @ 45 in®* Oi(?kk‘_zggf;gge; hom 2 90 0-188 0649 Indian Ocean 07?2
pk-pk=2358 dBre I P Endeavor/NW Atlantic 092
- . 0-pk =237 dB re 1 uPa-m o i )
2 Gl guns Gl airguns @ 75 in pk-pk = 243 dB re | uPa-m 2 150 2-188 Thompson/ NE Pacific 08
Ewing/Norwegian Sea 03®, Mid-
- = - *k _
2 Gl guns Gl guns @ 105 in*** Opk -2 db e [aPam 3 210 0-188 Atlantic 03®), GoA 044V
Pep relura 2 210%* 0-188 Melville/SW Pacific 05°
.. 0-pk =229 dB re 1 pPa-m x i . @)
2 Gl guns Gl guns @ 105 in pk-pk = 236 dB re 1 uPa-m 6 210 0-188 Ewing/GoM 03
.3 0-pk =236 dB re 1 pPa-m ) . 13)
2 Gguns Gguns @ 250 in pk-pk = 241 dB re | uPa-m 9 500 0-150 Healy/Arctic 05
G guns @ 2 x 500 in® + 1 x 150 0-peak =235 dB re 1 pPa R ; . 1033 Nal3d)
3Gguns in’=1.150 in® ok-pk = 225 dB re 1 iPa rms >11 1,150 10-70 Louis St. Laurent/Arctic 09***, 08
3 0-pk =240.7 dB re 1 pPa-m . i . . (0)
3 Gl guns Gl guns @ 105 in pk-pk = 246.4 dB re 1 yPa-m 25 315 30-140 Ewing/E. Pacific 04
1 airgun Bolt airgun @ 1,200 in® O-pk =234 dB re I pPa-m 10 1,200 8-40 Healy/Arctic 05 %

pk-pk =241 dB re 1 pPa-m
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Table 2-4. Past Configurations of Seismic Sources for Marine Seismic Research Funded by NSF or Conducted by the USGS (2003-2009)

Source Air
Tow Discharge Dominant
Nominal Source Output Depth Volume Frequency
Seismic Source Energy Source (downward)* (m) (in%) (Hz) Vessel/Cruise & Year
. . a0 i 0-pk =243 dB re 1 pPa-m 6 ] Ewing/Norwegian Sea 03®
6-airgun array Bolt airguns @ 80-500 in pk-pk = 250 dB re 1 Pa-m 75 1,350 0-188 GoM 03@
6-airgun array Two Bolt airguns and four G guns Not available: assumed less than 8- 9 1,840 0-150
7-airgun array Three Bolt airguns a.nd3 four G guns alrgurls 9 2,340 0-150 Healy/Arctic 06©
8-airgun array Four G guns @ 210in . 0-pk =246 dB re 1 pPa-m 9 2840 0-150
Four Bolt airguns @ 500 in pk-pk =253 dB re 1 pPa-m '
. . 2R( ind 0-pk =246 dB re 1 pPa-m } -08@®
9-airgun array Bolt airguns @ 40-360 in pk-pk = 253 dB re 1 Pa-m 7 1,650 2-188 Langseth/GoM 07-08
7 3,050 0-188 Ewing/NE Pacific 04©®
. - . 0-pk =248 dB re 1 pPa-m : - - — 7y
10-airgun array | Bolt airguns @ 80-850 in® T i 3,050 ] Ewing/E Tropical Pacific 03¢
pk pk 255dBrel MPa m 75 3,005 0-188 GoM 03(20)
7 3,705 0-188 Ewing/NE Pacific 04®
. . . 0-pk =250 dB re 1 pPa-m : - - — @
12-airgun array | Bolt airguns @ 80-850 in® S ) 3,721 i Ewing/E Tropical Pacific 03",
pk-pk =257 dB re 1 pPa-m 75 3.755 0-188 GoM 03
. . e ind 0-pk =252 dB re 1 pPa-m 7 ] Langseth/GoM 07-08%)
18-airgun array | Bolt airguns @ 40-360 in pk-pk = 259 dB re 1 uPa-m 75 3,300 2-188 ETP 08 @)
75 8,600 Ewing/ GoM 03, o
. : [P— 0-pk =255 dB re 1 pPa-m 75 8,575 ) Mid-Atlantic 03,
20-airgun array | Bolt airguns @ 80-875 in pk-pk = 262 dB re 1 iPa-m 7 6.970 0-188 GoM 05®.
75 6,947 SE Caribbean 04"
». . i . 3 0-pk =256 dB re 1 pPa-m ) @n
27-airgun array | Boltairguns @ 40-360 in pk-pk = 262 dB re 1 uPa-m 7 6,600 2-188 Langseth/ETP 08
Langseth/GoM 07-08®, C Amer 089,
= : AN i3 0-pk = 259 dB re 1 pPa-m ) ) ETP 08 ®7, SE Asia 09%,
36-airgun array | Bolt airguns @ 40-360 in pk-pk = 265 dB re 1 gPa-m 7-9 6,600 2-188 GoA 08@ SW Pacific
09®%, NE Pacific 09"

Notes: *All source level estimates are for a filter bandwidth of 0-250 Hz. **Indicates generator volume. C Amer = Central America, ETP = Eastern Tropical Pacific, GoA = Gulf of Alaska, GoM =
Gulf of Mexico, SB = Santa Barbara.

Sources: SIO & NSF 2005; @University of Texas-Austin & NSF 2006; ®SI0 & NSF 2004; “L-DEO & NSF 2003a; ®L-DEO & NSF 2003b; ©L-DEO & NSF 2003c; ’L-DEO & NSF 2003e;
®Holst et al. 2005a; ©L-DEO & NSF 2004a; “’L-DEO & NSF 2004b; *YL-DEO & NSF 2004c; “?L-DEO and NSF 2004d; “UAF & NSF 2005; *“)LGL 2004; ®s10 2005b; “© S10
and NSF 2009; ®”Smultea et al. 2004; ®@USGS 2006; “Hutchinson & Hart 2004; ®L-DEO & NSF 2003g; ®SI0 2007, SIO & NSF 2007; ®?S10 & NSF 2006b; ®Holst & Beland
2008; ®Holst & Smultea 2008; ®Smultea & Holst 2008; ®®Hauser & Holst 2009; ®"Hauser et al. 2008; ®¥SI0 & NSF 2008; “Holst 2009a; “@Holst 2009b; “PHolst & Beland 2010;
©2Holst & Robertson 2009; ““Roth and Schmidt 2010; ®*Mosher et al. 2009; ®S10 2004.
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Other Seismic Acoustic Sources — Boomers, Sparkers, Water Guns, and Chirp Systems

The USGS primarily uses a number of low-energy sub-bottom profiling seismic acoustic sources for their
marine seismic research. These are briefly summarized below.

Boomer Systems. Although different models of boomer plates may be utilized, they generally operate at a
frequency of 300-3,000 Hz, 200-300 joules per shot, with source levels of 212-215 dB re 1 uPa-m, and
pulse lengths of 120-400 microsec.

Sparker Systems. The typical sparker system would normally operate at a frequency of 890-1,020 Hz,
with power ranging from 300 to 1,500 joules and corresponding source levels of 200 to 208 dB re 1
uPa-m, with a pulse duration of less than 1 ms.

Water Guns. Although water guns are rarely used, when used they operate at a frequency of 20-1,500 Hz
and a source level of 204 dB re 1 pPa-m.

Chirp Systems. Chirp systems are a type of SBP that are used frequently by USGS. As previously
discussed for the SBP, the energy from the chirp SBP is directed downward by a 0.5-3.5-kHz transducer
either mounted on the hull, hung over the side, or towed behind the research vessel. Depending on
frequency and power, source levels generally range from 204 to 214 dB re 1 uPa-m. The pulse repetition
rate is usually 4 pulses/sec with a pulse length of 32 ms. Beam widths vary by frequency and are usually
55° at 3.5 kHz and 20° at 5 kHz.

Non-Seismic Acoustic Sources — MBESs, SBPs, and Pingers

As with the R/V Langseth and previous NSF-funded seismic surveys, under the Proposed Action NSF-
funded and USGS marine seismic surveys may use a variety of non-seismic acoustic sources such as
MBESs, SBPs, fathometers, acoustic releases, and/or pingers concurrently with seismic sources,
depending on the research objectives (Table 2-5). The MBES available for use on research vessels range
in frequency from 12 to 300 kHz and in source level from 225 to 242 dB re 1 pPa-m and include
Kongsbherg, Seabeam, Simrad, Knudsen, EdgeTech, and Krupp-Atlas models. The mid-frequency units
can be used in any water depth and a high-frequency unit (e.g., at 300 kHz) may be used in shallow water
(<328 ft [100 m]). The SBPs and pingers used on other vessels would be similar to those used on the R/V
Langseth and described previously.

Table 2-5. Acoustic Parameters of MBESs, SBPs, ADCPs, Pingers, and Acoustic Releases Used by
NSF-Funded or USGS Research Vessels Conducting Marine Seismic Research

Frequency Source Level Pulse Length Beam Width*
Acoustic Source (kHz) (dB re I uPa-m) (ms) Fore-aft Athwart.
Seabeam 2000 12 234 7-20
Seabeam 2100/12 12 237 <1-12 2°x2°
Kongsberg EM122 12 242 2-15 1°x2° 150°
MBESs | Simrad EM 120/122 12 242 2,5,15 1°%x1°, 1°x2° 150°
Simrad EM 300 30 237 (1°), 231 (29 0.7,2,15 1°x1°, 1°x2°
Simrad EM 1002 95 225 (3°) 0.2,0.7,2 2°x2°
Krupp-Atlas HydroSweep DS 155 237 2.3°
SBPs 2.5-7 220 1,2,4 30°
ADCPs 38-1,200 224 30°
Pingers 55-110 183
Pingers 12 192 0.5,2,10
Acoustic Releases 9-15 187 8

Notes: *The beams of all acoustic sources would be directed downward from the research vessel. Athwart. = athwartship.
Sources: USCG 2001; L-DEO and NSF 2003e; SIO and NSF 2003; University of Washington 2003; SIO and NSF 2004; SI1O
20053, b; UAF and NSF 2005; University of Hawaii 2005; WHOI 2005.
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2.3 APPROACH TO ANALYSIS FOR THE PROGRAMMATIC EIS/OEIS
2.3.1 Exemplary (Representative) Analysis Areas Analyzed under the Programmatic EIS/OEIS

As discussed in Section 1.5, due to the potential for NSF-funded marine seismic cruises to occur across
all oceans worldwide, it was necessary to narrow the focus of the analysis presented in this Programmatic
EIS/OEIS to 13 exemplary or representative analysis areas: 5 DAAs and 8 QAAs (Table 2-6 and Figure
2-18). The following sections provide a brief overview of each analysis area. Due to the nature of USGS
seismic survey operations (e.g., use of lower energy acoustic seismic sources and conducted
predominantly in the nearshore coastal environment), the analysis areas used for the purposes of impact
analysis in this EIS/OEIS do not include representative USGS cruise areas. However, three of the
exemplary analysis areas cover parts of the U.S. margins where USGS is also likely to conduct future
seismic work to map the outer limits of the U.S. extended continental shelf beyond 200 nm.

Based on representative survey tracks for a potential seismic survey within each detailed analysis area, a
number of specific locations were selected as assumed source locations for sound propagation modeling.
These locations were chosen to represent the range of bathymetry, acoustic environments, and marine
mammal habitats that occur within each DAA.

2.3.1.1 Detailed Analysis Areas (DAAS)

Western Gulf of Alaska (W Gulf of Alaska)

The proposed tracks in this region are located between Kodiak Island and the Shumagin Islands. The
tracks are positioned perpendicular to the shore and cover the shelf, continental slope, Aleutian Terrace,
and Aleutian Trench (Table 2-6 and Figure 2-19). The water depths vary from <328 ft (100 m) to >19,685
ft (6,000 m). The three locations used for modeling purposes are on the shelf, slope, and in deep water.

Southern California (S California)

The proposed track lines cover the Santa Barbara Basin. The depths inside the survey area vary from 328
ft (100 m) to 1,640 ft (500 m) (Figure 2-20 and Table 2-6). Based on the bathymetry, two modeling sites
were assumed within the Santa Barbara Channel at water depths of 1,903 ft (580 m) and 590 ft (180 m).

Galapagos Ridge

The proposed seismic survey is located in deep water (>6,600 ft [2,000 m]) approximately 870 mi (1,400
km) west of the Galapagos Islands (Figure 2-21 and Table 2-6). It overlies a portion of the mid-oceanic
ridge between the Pacific and Nazca plates.

Caribbean

The proposed tracks cover a vast variety of environments in terms of bathymetry as well as geoacoustic
properties of the sea floor. The four modeling locations ranged in depth from <656 ft (200 m) to >6,562 ft
(2,000 m) (Figure 2-22 and Table 2-6).

Northwestern Atlantic (NW Atlantic)

The proposed NW Atlantic survey is offshore from New Jersey over the Hudson canyon covering an area
with depths varying from <328 ft (100 m) to >4,920 ft (1,500 m). The majority of the survey area lies
over the shelf with water depths <656 ft (200 m). The southeastern (SE) section of the survey extends
over the continental slope to the abyssal plain. Four representative sites were selected for acoustic
modeling, allowing for variation in bathymetry (shelf, slope, deep water, and Hudson canyon) (Figure
2-23 and Table 2-6).
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Table 2-6. Location and Source Characteristics for Assumed Seismic Surveys within the DAAs and QAAs

Source Water Depth (m)
Site Longhurst Survey Source 100—
Name Latitude Longitude Biome Season Sm Med Lg Details <100 1,000 >1,000
DAA
- 3-D reflection, 2 strings of 9
W Gulf of o cro . Pacific Westerly . .
Alaska 53°-55°N 151-159°W Winds Sum X iar:gguns (18 airguns), 3,300 X X X
. . o R - Late Spr/ High resolution 3-D, 1 pair
S California 35°N 120° W Pacific Coastal Early Sum X 45/105 in® GI guns X X
Galapados 3-D reflection, 2 strings of 9
Ridgz 9 4°S 103.6°W Pacific Trade Wind | Austral Sum X airguns (18 airguns), 3,300 X
]
in
Caribbean 12°N 65° W Atlantic Coastal Spr/Sum X 2D full refract_losn, 36 X X X
airguns, 6,600 in
. o . . High resolution 3-D, 1 pair
NW Atlantic 39.5°N 73.5°W Atlantic Coastal Sum X 451105 in® Gl quns X X X
QAA
BC Coast 52°N 129°W Pacific Coastal Fall x | 2D reflection, 4 strings of 9 | X
airguns, 36 airguns
I\/I_ld-AtIantlc 26° N 40° W Atlantlc_WesterIy Spr, Sum, x 2_—D reflectlop, 4 strings of 9 x
Ridge Winds or Fall airguns, 36 airguns
Marianas 17°N 145° E Pacific Trade Wind Spr X si-rlgurngltlchannel, 18 X X X
. 2-D high resolution,
Sub- . 42°S 145° W Antarctlg Westerly Austral Sum X reflection; 2 low-energy Gl X
Antarctic Winds J 3
guns (45 in® each)
N Aantic/ | coo N 5o N | 33°W-25°W |  Atlantic Polar Sum x | 2D reflection, 4strings of 9 | x X
Iceland airguns, 36 airguns
SW Atlantic 5°N 45° W Atlantic Trade Winds Anytime X zi-zur:gltlchannel, 18 X X X
W India 20°N 65° E Indian Ocean Coastal I‘éi;fljﬁ):;ﬁr X Large multichannel source X X
. o o . Austral Spr 2-D high resolution, 1 pair
W Australia 18°S 120° E Indian Ocean Coastal or Eall X 45/105 in® Gl quns X X X
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2.3.1.2 Qualitative Analysis Areas (QAAS)
British Columbia Coast (BC Coast)

The BC Coast site is located in the southern portion of the Queen Charlotte Basin, in approximately 656 ft
(200 m) of water (Q1, Figure 2-18).

Mid-Atlantic Ridge

The Mid-Atlantic ridge is a deep-water site with water depths >9,842 ft (3,000 m) (Q2, Figure 2-18). The
site is located in the vicinity of the spreading center of the ridge where the new oceanic crust is being
formed.

Marianas

The site is located in the Philippine Sea near a volcanic island arc, formed above a subduction zone (Q3,
Figure 2-18). The proposed survey area is located in the back-arc basin. General water depths are in the
range from 6,562-13,123 ft (2,000-4,000 m) with multiple volcanic rises, some of which reach the sea
surface.

Sub-Antarctic

The survey area is located in the southern part of the Pacific Ocean approximately 1,620 nm (3,000 km)
east of New Zealand and 1,890 nm (3,500 km) from Antarctica (Q4, Figure 2-18). It is a typical abyssal
plain with nearly flat bathymetry and water depths around 16,400 ft (5,000 m).

Southwestern Atlantic (SW Atlantic)

The site is about 325 nm (600 km) northeast of Brazil, in the abyssal part of the Atlantic Ocean, near a
passive continental margin (Q6, Figure 2-18). The water depths are about 13,123 ft (4,000 m) at the site.

Western India (W India)

The proposed survey area is located approximately 270 nm (500 km) west of India in the abyssal part of
the Indian Ocean, near a passive continental margin (Q7, Figure 2-18). The water depths are about 9,842
ft (3,000 m) at the site with nearly flat bathymetry.

Northern Atlantic/lceland (N Atlantic/lceland)

The Reykjanes Ridge is the part of the Mid-Atlantic ridge structure in the northern part of the Atlantic
Ocean (Q5, Figure 2-18). A portion of the assumed survey covers the shelf part of the island. The water
depths on the shelf are about 98-1,640 ft (30-500 m).

Western Australia (W Australia)

The assumed location for this seismic survey is offshore of NW Australia in the shelf environment within
the outer ramp portion of the Canning Basin (Q8, Figure 2-18).

2.3.1.3 Comparison of QAAs vs. DAAs

The sound fields to which marine mammals could be exposed during a seismic program were modeled for
representative sites in each DAA, but they were not modeled for each QAA. In order to qualitatively
evaluate sound levels that might be received by marine mammals in each of the eight QAAs, the source
configurations and factors affecting sound propagation for each QAA were compared to those for each of
the DAASs described in Section 2.3.1.1 and Table 2-6. Table 2-7 shows which sound fields in a DAA were
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expected to be most similar to sound fields in each QAA and summarizes the data used to make that
evaluation.

2.3.2  Acoustic Impact Criteria

When evaluating potential impacts of impulsive or transient sounds, it is necessary to consider how those
sounds should be measured, and what amounts of sound exposure will result in biological effects that are
of concern.

2.3.2.1 Measures of Transient Sound

The “amount” of sound in an airgun pulse can be measured in a variety of ways. The units used to express
these measurements, and the resulting numerical values, vary depending on the type of measurement. It is
important to recognize that different measures exist, and to choose the one(s) that are most useful as
predictors of biological effects. Commonly used measures of airgun pulses include:

e Peak sound pressure. This is the maximum instantaneous sound pressure measureable in the
water at a specified distance from the airgun(s). The units of pressure are typically bars (English)
or, in metric units, either Pascals (Pa) or micropascals (uPa). The metric values are commonly
expressed in logarithmic form as decibels reference to 1 uPa (dB re 1 pPa).

o Peak-to-peak sound pressure. This is the algebraic difference between the peak positive and peak
negative sound pressures. Units are the same as for peak pressure. When expressed in dB, peak-
to-peak pressure is typically about 6 dB higher than peak pressure.

e Root mean square (rms) sound pressure. In simple terms, this is an average sound pressure over a
specified time interval. For airgun pulses, the averaging time is commonly taken to be the
approximate duration of one pulse, which in turn is commonly assumed to be the time interval
within which 90% of the pulse energy arrives. The rms sound pressure level (in dB) is typically
approximately 10 dB less than the peak level, and approximately 16 dB less than the peak-to-peak
level.

e Sound exposure level (SEL or energy flux density). This measure represents the total energy
contained within a pulse, and is in the units dB re 1 pPa®-sec. For a single airgun pulse, the
numerical value of the SEL measurement, in these units, is usually 5-15 dB lower than the rms
sound pressure in dB re 1 pPa (Greene 1997; McCauley et al. 1998; Blackwell et al. 2007;
MacGillivray and Hannay 2007; Southall et al. 2007).

Over the past decade, NMFS guidelines regarding levels of impulsive sound that might cause disturbance
or injury have been based on the “rms sound pressure” metric. However, there is now scientific evidence
that suggests that auditory effects of transient sounds on marine mammals are better correlated with the
amount of received energy than with the level of the strongest pulse (see next subsection). Therefore, the
present EIS/OEIS places considerable emphasis on the SEL metric, particularly when discussing potential
injurious effects on marine mammals. However, the rms pressure metric is also considered in various
situations as currently the SEL metric has not been incorporated into NMFS guidelines.
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Table 2-7. Comparison of QAAs to DAAs Relative to Acoustic Characteristics, Array Configurations, and Other Factors

Water Depth (m DAA with DAA with Similar DAA Most
Source 100- Sound Bottom Similar Acoustic Similar to
QAA Details <100 1,000 >1,000 Channel Characteristics Source Environment QAA Comments
Reykjanes
Ridge: 50-100 m W GoA (strong sound
of sediment over channel at 70 m depth;
Weak sound basalt, 500 m of silty sediments
channel increasing to on the shelf,
. approximately several hundred . approximately 600 m of
4 strings of 9 Caribbean, - - Sound channel much
N. Atlantic/ | airguns = 36 100 m dgep may | meters at 300 km (W GoA, clayey sediments in W GoA (note ) weaker than at W
. X X trap portion of distance from deeper water). However, | the difference in .
Iceland airguns @ 12 m . he rid Galapagos + h d d . GoA and bottom is
depth acoustic energy, | the ridge. 6 dB) the sound spee source size). more reflective
' downward Iceland shelf: minimum at the GoA '
refracting near greater sandy site is more pronounced,
surface. component, and the bottom is softer
surface velocity (thicker and/or less
of approximately dense sediments).
1,500 m/s.
Caribbean SSP
has some
For depths <1,000m, S | similarity (only
CA, Caribbean, and for shallow
Galapagos SSPs are also | sites), and a
Variable: on downward refracting similar-sized
. ’ (this comparison is not source; S CA
. Channeling of average, . X
4 strings of 9 - Caribbean (W | appropriate for greater SSP also
. _ sound not approximately None of the DAAs
BC airguns = 36 X expected either 20 m of silty GoA, depths due to presence somewhat is a very good match
Coast airguns @ 7.5 m near the surface sand overlying Galapagos + of sqund speed minima). | similar. BC_ to this site.
depth. . e 6 dB). Sediment Coast profile
or mid-water. lithified hickness/ . | |
sediments thickness/properties ess strongly
' similar to Galapagos downward
(much thicker sediment | refracting;
atthe S. CA & harder bottom.
Caribbean sites). Species are also
different at both
these sites.
Mid-water sound Galapagos (sound
speed minimum Sedi . channel at
edimentation b
near influenced by approximately 1 km
approximately riverine inout depth, but ducted sound Galapados
2D multi- 700 m depth & put. propagation not pago SSP similar to Mid-
SW h 18 % X atively high 60-80% clay, W GoA, dtob (deeper sites) / Atlantic Rid
Atlantic enannel, relatively hig sound speed Galapagos e.Xpe.C.te to be - Caribbean tlantic Ridge
airguns. near-surface ; significant); Caribbean . QAA.
. approximately (shallow site).
sound speed; 1.500 m/s at the sound speed also
thus, ducted sﬁjrface somewhat similar for
propagation not ' shallow sites and
expected to sediments are more
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Table 2-7. Comparison of QAAs to DAAs Relative to Acoustic Characteristics, Array Configurations, and Other Factors

Water Depth (m DAA with DAA with Similar DAA Most
Source 100- Sound Bottom Similar Acoustic Similar to
QAA Details <100 1,000 >1,000 Channel Characteristics Source Environment QAA Comments
occur. similar.
Caribbean (has
pronounced sound
channel at
approximately 800 m
depth, sound speed
gradient in thermocline
Mid- 4 strings of 9 Pronounced Approx. 100 m strongly down-
. airguns = 36 sound channel at | of abyssal Caribbean (W | refracting; thus, acoustic .
Atlantic . X - | di 1db Caribbean
Ridge airguns @ 12 m approximately sediments over GoA) energy would be
depth. 1,000 m depth. basalt. trapped in sound
channel at deep ocean-
basin locations in
project area). Sediments
likely different, but this
is not as important for a
deep-water site.
Spring SSP Shelf
decreases with environment;
depth from approximately
surface to 1,200 m of
High resolution shallow sea gravel/ sand/silt For shallow sites, S CA
W source (2D), 1 X X floor, favoring over sedimentary | NW Atlantic, | SSP is also downward- SCA
Australia pair 45/105 in® refraction of bedrock. SCA refracting; sediments
Gl guns. sound toward Surficial also reasonably similar.
bottom; no sediments wave-
significant sound | sorted, favoring
channeling slightly coarser
expected. materials.
Galapagos has similar
SSP (sound channel at If the mid-water W
;?ﬁ?ncijrﬁ’]eg? approximately 1 km India site is closer to
- depth, but ducted sound 100 m depth, the
approximately propagation is not Caribbean site may
1,800 m depth; expected due to high Galapagos be more similar; if
however, sound (particularly for .
. near-surface sound N the water depth is
. speeds below Approx. 2 km of | Caribbean (W . the deeper site);
w Large multi- X X this minimum detrital silt GoA speed); however, ossibl closer to 1,000 m,
India channel source. . y ' sediments much thicker | PSS! the SSP is more
are not high clays. Galapagos) S Caribbean for A
at the W India site. For significant, and the
enough to result he 100-1 ite. th the shallower | L
in significant the ] 00- 00_0 m snte_, the site (_Ba apagos site is
- Caribbean site SSP is ' likely a better
channeling of oL
A also not dissimilar (once analogue (except for
sound in this . p - :
layer water depth is tak_en into d_|fference in source
' account), and sediments size).
are more similar.
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Table 2-7. Comparison of QAAs to DAAs Relative to Acoustic Characteristics, Array Configurations, and Other Factors

Water Depth (m) DAA with DAA with Similar DAA Most
Source 100- Sound Bottom Similar Acoustic Similar to
QAA Details <100 1,000 >1,000 Channel Characteristics Source Environment QAA Comments
Galapagos (sound
channel at
approximately 1 km
depth, but ducted sound
Minimum SSP propagation is not
approximately expected due to high
1000 m depth; near-surface sound
however, near- Approximately speed); however,
2D multi- surface sound 100 m of sediments are thicker at Galapago_s
Marianas channel. 18 X X X spee_d_ ) sedlmen_t W GoA, Marianas site, and there (deqper sites) /
airgunsy sufficiently high | (approximately Galapagos is no shallow Galapagos | Caribbean
that ducted 60% clay) over Ridge site. Caribbean (shallowest site)
sound bedrock. site SSP is also not
propagation not dissimilar once water
expected to be depth is taken into
significant. account, and sediments
are reasonably similar;
the source is larger at
the Caribbean site,
however.
Broad sound
speed minimum
occurs _between SCASSPis sm_ul_ar S CA: however,
2 low-energy Gl approximately Approximately (sound speed minimum given the
; 73 200-1200 m at approximately 700 m - . None of the DAAs
Sub- airguns (45 in X during austral 100 m of abyssal | S CA, depth), but all sites are difference in is a very good match
Antarctic each) @ 3m likel sediments over NW Atlantic h éhallower water depths this to this site
depth. summer, tikely bedrock. muc ; is not a very ’
resulting in Caribbean SSP also d anal
channeling of somewhat similar. good analogue.
sound in this
layer.

Notes: Lg = large, Med = medium, Sm = small, W GoA = W Gulf of Alaska, S CA = Southern California, SSP = sound speed profile. Note that sound speed profiles vary seasonally; survey
seasons are listed in Table 2-6.
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2.3.2.2  Acoustic Criteria for Predicting Biological Effects

Since the mid-1990s, the NMFS has specified that marine mammals should not be exposed to pulsed
sounds with received levels exceeding 180 or 190 dB re 1 pPa (rms). Since 2000, the “do-not-exceed”
levels (Level A harassment) have been specified as 180 dB re 1 pPa (rms) for cetaceans and 190 dB re 1
uPa (rms) for pinnipeds (NMFS 2000). NMFS also considers that cetaceans and pinnipeds exposed to
pulsed sound levels >160 dB re 1 pPa (rms) may be disturbed (Level B harassment) (Table 2-8).

Table 2-8. Existing and Proposed Injury and Behavior Exposure Criteria for
Cetaceans and Pinnipeds Exposed to Pulsed Sounds

Level A (Injury) Level B (Behavior)
Pressure® Energy® Pressure®
Group (dBrelpParms) (dBrelpPa®- sec) (dB re 1 pPa rms)
Cetaceans 180 198 160
Pinnipeds 190 186 160

Notes: @Existing NMFS criterion, on an rms basis averaged over duration of a pulse (NMFS 2000, 2005g).
®proposed energy (SEL) criterion, cumulative across pulses (Southall et al. 2007). Energy criteria
refer to cumulative energy from a series of impulsive sounds.
©southall et al. (2007) concluded that exposure to a single pulse with peak pressure >230 dB re 1
pPa (for cetaceans) or >218 dB re 1pPa (for pinnipeds) might lead to PTS whether or not the
proposed cumulative energy criterion is exceeded.

The 180- and 190-dB re 1 pPa (rms) criteria were determined before specific information was available
about the received levels of underwater sound that would cause temporary or permanent hearing damage
in marine mammals. Subsequently, data on received levels that cause the onset of temporary threshold
shift (TTS) have been obtained for certain toothed whales and pinnipeds (Kastak et al. 1999; Finneran et
al. 2002, 2005). A group of specialists in marine mammal acoustics, the “Noise Criteria Group”, has
recommended new criteria, based on current scientific knowledge (Gentry et al. 2004; Southall et al.
2007). The following summarizes their conclusions that are most relevant to the marine mammal portions
of this EIS/OEIS.

2.3.2.3 Noise Criteria Group Recommendations (Southall et al. 2007)

Recently acquired data indicate that TTS onset in marine mammals is more closely correlated with the
received SEL than with rms levels (Southall et al. 2007). In odontocetes exposed to impulsive sounds, the
TTS can be as low as approximately 183 dB re 1 pPa’-s. The corresponding TTS value for pinnipeds is
not as well defined. There are published data on levels of non-impulse sound (Kastak et al. 1999) but not
of impulse sound eliciting TTS in pinnipeds. Based on the results for non-impulse sound, plus the known
tendency in other mammals for lower TTS with impulse than with non-impulse sound, the TTS for
pinnipeds exposed to impulse sound may be as low as 171 dB re 1 puPa®-s in the more sensitive species
such as the harbor seal.

There are no specific data concerning the levels of underwater sound necessary to cause permanent
hearing damage (permanent threshold shift or PTS) in any species of marine mammal. However, data
from terrestrial mammals provide a basis for estimating the difference between the (unmeasured) PTS
thresholds and the measured TTS. A conservative (precautionary) estimate of this offset between TTS and
PTS, when sound exposure is measured on an SEL basis (received energy level), is 15 dB. Thus, available
data indicate the lowest received sound levels that might elicit slight auditory injury (PTS) are 198 dB re
1 pPa’-s in cetaceans (i.e., 183 + 15 dB), and 186 dB re 1 uPa’-s in the more sensitive pinnipeds (i.e.,
171 + 15 dB) (Southall et al. 2007).
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The primary measure of sound used in the proposed new criteria is the received sound energy, not just in
the single strongest pulse, but accumulated over time. The most appropriate interval over which the
received airgun pulse energy should be accumulated is not well defined. However, pending the
availability of additional relevant information, the Noise Criteria Group has suggested considering noise
exposure over 24-hr periods (Southall et al. 2007), and that is what has been done in the application of the
Acoustic Integration Model (AIM®©) to the five DAAs considered in this EIS/OEIS (see Section 2.3.3.2
below). Those analyses were designed to estimate, among other things, the numbers of marine mammals
that might be exposed to >198 dB SEL (cetaceans) or >186 dB SEL (pinnipeds) of airgun sound energy
within a single 24-hr period during the exemplary seismic survey in each DAA. The Noise Criteria Group
also recommends a “do not exceed” peak pressure criterion, but under field conditions the SEL criterion
is the one that would be exceeded first and thus would be the operative criterion (Southall et al. 2007).
These SEL values were calculated for both unweighted (flat) and M-weighted received levels.
M-weighting was recommended by Southall et al. (2007) (see Section 2.3.2.4 below) but has not been
adopted by NMFS. Therefore, both calculations were completed.

Southall et al. (2007) also concluded that, whether or not marine mammals have received sufficient
cumulative acoustic energy to elicit TTS, exposure to even a single pulse with received peak level >224
dB re 1 pPa (cetaceans) or >212 dB re 1 pPa (pinnipeds) could elicit TTS. Similarly, exposure to even a
single pulse with received peak level >230 dB (cetaceans) or >218 dB (pinnipeds) might elicit PTS.

As noted above, the existing NMFS criterion for potential disturbance to marine mammals from seismic
surveys is 160 dB re 1 pPa (rms) (Level B harassment). The Noise Criteria Group concluded that
available data are insufficient as a basis for recommending any specific alternative disturbance criteria
applicable to multiple-pulse sounds like seismic survey sounds (Southall et al. 2007).

Acoustic impact criteria applicable to other types of biota are less well developed than are the criteria for
cetaceans and pinnipeds. There is an ongoing effort to develop science-based criteria for fish and sea
turtles. Procedures used to evaluate acoustic impacts on resources other than marine mammals are
discussed in the sections of this EIS/OEIS dealing with each of those resources.

2.3.2.4  Auditory Weighting Functions

A further recommendation from the Noise Criteria Group is that allowance should be given to the
differential frequency responsiveness of various marine mammal groups (Southall et al. 2007). This is
important when considering airgun sounds: the energy in airgun sounds is predominantly at low
frequencies (<500 Hz), with diminishing amounts of energy at progressively higher frequencies (Greene
and Richardson 1988; Goold and Fish 1998). Baleen whales (mysticetes) are most sensitive to low-
frequency (LF) sounds (<1 kHz), and not very sensitive to high frequency (HF) (>10 kHz) sounds. On the
other hand, odontocetes or toothed whales (including dolphins and porpoises) are quite insensitive to LF
but very sensitive to HF (Richardson et al. 1995a). Porpoises, river dolphins, and the S Hemisphere genus
Cephalorhynchus are even less sensitive to LF than are other odontocetes. Pinnipeds have frequency
responsiveness intermediate between baleen and toothed whales.

The Noise Criteria Group has proposed that, in calculating the effective SELs, frequency-weighting
functions should be applied (Southall et al. 2007). Based on present knowledge, cetaceans and in-water
pinnipeds are divided into four “hearing groups”, and there is a separate weighting curve for each of these
groups. The weighting curves de-emphasize the HF energy when dealing with baleen whales (LF
cetaceans), and de-emphasize the LF energy when dealing with odontocetes (mid-frequency [MF]
cetaceans and HF cetaceans). For pinnipeds in water, there is some de-emphasis of both the LF and HF
energy, but the LF components are weighted more heavily than for odontocetes, but less heavily than for
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mysticetes. The shapes of the four M-weighting curves (i.e., My for baleen whales, M,; for most
odontocetes, My for the HF odontocetes, and M, for pinnipeds in water) are similar to those of C-
weighting curves that are widely used when considering effects of strong pulsed sounds on human
hearing; boundary frequencies are shown in Table 2-9. However, the M-weighting curves are shifted
downward in frequency for baleen whales and upward in frequency for toothed whales (Southall et al.
2007).

Table 2-9. Lower and Upper Boundary Frequencies Used in M-Weighting
of Model Results for Marine Mammal Hearing Groups

Low Frequency Low Frequency
Species Group (fio) (fri)
LF cetaceans 7Hz 22 kHz
MF cetaceans 150 Hz 160 kHz
HF cetaceans 200 Hz 180 kHz
Pinnipeds (in water) 75 Hz 75 kHz

Source: Southall et al. 2007.

The M-weighting curves have been defined in a precautionary manner that allows for the fact that, at least
in terrestrial mammals, TTS and PTS are less strongly related to frequency than is audibility. Thus, M-
weighting curves (and the C-weighting curve for humans) are “flatter” than the curves representing
minimum detectable sound level vs. frequency (the audiogram). Use of M-weighting in some marine
mammal analyses within this EIS/OEIS takes account of the fact that marine mammals vary widely in
their sensitivity to the predominant LF components of airgun sounds, while also allowing for the fact that
TTS and PTS are likely to be less frequency-dependent than is the audiogram.

In the marine mammal sections (Sections 3.6-3.9), both the flat (unweighted) and M-weighted energy
levels were calculated. The later approach was done by applying the M-weights to the acoustic model’s
estimates of the received energy levels in each 1/3-octave frequency band before accumulating across
bands to derive the overall received energy level. M-weighting was also applied when calculating the
distances within which the received levels would diminish to 190, 180, and 160 dB re 1 pPa (rms). Thus,
the effective 180 dB (rms) (and other) distances for the four categories of cetaceans and pinnipeds vary.
For any given criterion (e.g., 180 dB rms), effective distances for LF cetaceans (baleen whales) are the
largest, followed in order of decreasing distance by pinnipeds in water, MF cetaceans (most odontocetes),
and HF cetaceans (porpoises, river dolphins, and Cephalorhynchus). Given the predominance of LF
energy in airgun pulses, the My-weighted radii applicable to mysticetes are very similar to the
“traditional” unweighted radii, whereas those for pinnipeds and the MF and HF odontocetes are
progressively smaller.

The M-weighting curves (analogous to C-weighting curves for humans) were proposed by Southall et al.
(2007) primarily in the context of estimating onset criteria for TTS and PTS in marine mammals exposed
to strong (or high-level) sounds. The onset of behavioral disturbance often occurs at lower received levels
than the onset of TTS, and the most appropriate frequency weighting for behavioral disturbance may be
more closely related to the shape of the audiogram of the species in question—generally analogous to A-
weighting in humans (Nedwell et al. 2007). However, there has been no specific validation of the
appropriateness of using audiogram-based weighting when assessing the potential of underwater sounds
to cause disturbance in marine mammals. M-weighting entails less down-weighting of low and high
frequencies than audiogram-based weighting would produce. Application of M-weighting in estimating
behavioral disturbance criteria would therefore be a precautionary approach.
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2.3.3  Acoustic Modeling

Under the Proposed Action, a variety of airgun configurations ranging from small arrays of 1-4 airguns to
large arrays of 18-36 airguns, as well as other lower energy non-seismic acoustic sources including
MBESs, SBPs, and pingers, would be operated. Because of the complexities and variability of sound
propagation from these sources in different ocean environments, acoustic modeling is a key component in
an effective scientific analysis of the extent of the potential acoustic impacts. As described in Section
2.3.1, five exemplary areas were identified for detailed acoustic analysis, and a representative seismic
survey scenario using airguns as the seismic acoustic source was modeled for each area (Table 2-6 and
Figures 2-18 — 2-23).

For a quantitative assessment of the potential impact of a exemplary marine seismic survey, it is
necessary to integrate the predicted (modeled) seismic survey sound field with the expected distribution
of marine animals. This is a three-part process:

1. Estimate the 3-D sound field while the airguns are operating at representative locations within the
analysis area using an airgun array source model and a sound propagation model.

2. Estimate the 3-D locations and movements of simulated animals in space and time.

3. Integrate these two sets of model outputs to estimate the maximum and cumulative airgun sound
that would be received by each simulated animal, and then assess the potential impact of the
seismic survey sound source on a specific species or group.

The computer models used to develop these estimates are described briefly below and in detail in
Appendix B, Acoustic Modeling Report. A further step in the analysis process is to assess, in a qualitative
manner, how the impacts in eight additional scenarios would be expected to compare with those in the
five scenarios analyzed in detail.

In this Programmatic EIS/OEIS, the full process outlined above is applied for marine mammals. Marine
mammals are a resource of particular concern with regard to seismic surveys. Also, marine mammals are
the animals for which most progress has been made in identifying the specific sound exposure criteria that
need to be defined in order to undertake a quantitative assessment of impact. Other resources are analyzed
in a less detailed and more qualitative way, but taking into account specific impact criteria where
available (see Chapter 3).

2.3.3.1 Estimated 3-D Sound Field

The sound field around an airgun array was predicted based on a two-stage modeling process. The first
stage was to predict the sound field near the source (airgun array) taking into account the specific
characteristics of that array. The second stage was to predict the sound field at longer distances using a
sound propagation model. The second stage was based on the predictions from the source model plus
available data on relevant characteristics of the environment through which the sound would propagate.
Those environmental factors included water depth, properties of the seafloor, and temperature-salinity
profiles of the water column during the season when each of the exemplary seismic cruises was assumed
to occur. The following is a brief summary of the two stages; more details are provided in Appendix B.

In the first stage, the sound fields near various airgun arrays proposed for use under the Proposed Action
were modeled using an airgun array source-signature model, a proprietary application developed by
JASCO Research Ltd. (JASCO). The airgun model is based on the physics of the oscillation and radiation
of airgun bubbles, as described by Ziolkowski (1972). The model solves, in parallel, a set of coupled
differential equations that govern the airgun bubble oscillations. The model accounts for additional
physical effects, including pressure interactions between airguns, port throttling, and bubble damping. To
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maximize the fidelity of the model in predicting the sounds from actual airguns, a simulated annealing
global optimization algorithm was used to fit the model parameters to a large library of measured airgun
data (from Racca and Scrimger 1986). The output of the model is a set of notional source signatures, each
corresponding to a single airgun. These were used to compute the farfield signature of the airgun array in
each direction and by 1/3-octave frequency band.

In the second stage, the modeled 1/3-octave source levels for an airgun array, as a function of direction,
were used as input for the acoustic propagation software Marine Operations Noise Model (MONM),
which computed the attenuation of the sound as it radiated from the source. MONM is an advanced
modeling package with several unique features. Its algorithmic engine is based on a parabolic equation
finite differences code enhanced to handle shear as well as compressional waves in the sea floor sediment,
with the capability to account for changes in shear wave speed and attenuation over different sections of a
propagation traverse.

The received sound levels at any 3-D location within the region of interest are computed by attenuating
the source level for each 1/3-octave band within the frequency range from 10 to 2,000 Hz (from stage 1)
by the calculated transmission loss at its center frequency. This frequency range is sufficient to capture
essentially all of the energy output by the array (see further discussion in Appendix B). In performing
these calculations, a location within the region of interest is characterized by its range and bearing from
the airguns and by its depth below the surface. The 1/3-octave received-level values are summed
incoherently across all modeled frequencies to obtain a broadband unweighted received-level value for
the location of interest. Alternatively, when summing across 1/3-octaves, frequency-weighting functions
approximating the frequency response characteristics of animal auditory systems (e.g., Southall et al.
2007) can also be applied.

The estimated received levels, like the source levels from which they are computed, are in energy-based
units normally represented as dB re 1 puPa’- s, and are equivalent to the SEL for a single source pulse. In
cases where there is a need for the estimated received sound level averaged over the pulse duration, in dB
re 1 puPa (rms), this is derived from the estimated SEL based on the typical difference between the two
measures (SEL and sound pressure level [SPL]), which is about 10 dB (Appendix B). Note that
estimation of the pulse duration, and hence the SPL, is currently computationally prohibitive for complex,
range-dependent environments such as those input to MONM. The results from the acoustic modeling for
each of the five DAAs are presented in Appendix B, Acoustic Modeling Report (Section 8.1 and Annexes
5and 6).

For this EIS/OEIS, a 3-dB precautionary factor has been added to the SEL values predicted by MONM
for water <1,000 m deep. This adjustment has been made in recognition that comparisons of MONM
output with direct field measurements have shown that MONM sometimes underestimates actual SEL in
shallow water, particularly where the bottom type is not well known (e.g., Blackwell et al. 2007;
MacGillivray and Hannay 2007). This +3 dB adjustment reduces the likelihood of underestimating
received SEL values near an actual seismic operation.

As an example of the acoustic modeling results, the predicted sound field during the exemplary seismic
survey in the W Gulf of Alaska DAA is described here. (Comparable information for the other four DAAS
appears in Appendix B, Section 8.1 and Annexes 5 and 6.) The assumed seismic survey in the W Gulf of
Alaska involves an 18-airgun array of total volume 3,300 in® operating during summer at a depth of 20 ft
(6 m) in water ranging from 328 ft (100 m) to 19,685 ft (6,000 m) deep. The sound speed profile (SSP) in
the area during summer shows a strong sound channel at 230 ft (70 m) depth. This channel is expected to
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trap much of the acoustic energy from an airgun array, resulting in ducted propagation and relatively
efficient sound propagation.

Sound field maps for airgun array operations at three representative sites (shallow [<656 ft {<200 m}],
intermediate, and deep [>6,562 ft {>2,000 m}]) in the W Gulf of Alaska area are shown in Figures 2-24,
2-25, and 2-26. In addition, Figure 2-27 shows an expanded view of the area close to each of the three
representative sites. At each point, the color coding depicts the maximum unweighted SEL value
predicted for any depth between the surface and the lesser of 6,562 ft (2,000 m) or the seafloor. Raw
model output (i.e., without a 3-dB precautionary factor or frequency weighting) is shown in all maps.

Inspection of these sound field maps reveals several features of the sound fields that are evident not only
for the W Gulf of Alaska, but often in other areas as well (cf. Appendix B). The predicted received sound
levels:

e diminish more rapidly with increasing distance at the deep site than at the intermediate-depth or
(especially) the shallow site;

e diminish more rapidly with increasing distance in some directions than in other directions from
each of the sites, depending on aspect relative to the airgun array orientation and on
environmental features such as water depth;

e at the shallow- and intermediate-depth sites, diminish much more rapidly with increasing distance
shoreward (i.e., into shallow water) than seaward;

e are >120 dB SEL (and thus detectable above natural ambient levels most of the time) out to long
distances—often >100 km (Figures 2-24 and 2-25);

e are>150 dB SEL and thus > approximately 160 dB re 1 pPa (rms), to much shorter distances, on
the order of 2-10 km (Figure 2-26);

e are>170 dB SEL and thus > approximately 180 dB re 1 pPa (rms), to distances on the order of a
few hundred meters, varying with site and aspect (Figure 2-26).

The acoustic levels plotted on the maps represent the SEL metric, which summarizes the energy content
of a given pulse as it arrives at a given location. In order to determine the rms SPLs that have been used
for regulatory purposes in recent years, a pulse duration of 0.1 s was assumed, resulting in a conversion
factor of +10 dB. Thus, rms levels (in dB re 1uPa) are taken to be approximately 10 dB higher than SEL
values in dB re 1 pPa’ - s. The distances within which the rms received levels could exceed 190 dB, 180
dB, or other rms levels of interest were determined in a precautionary way, allowing for aspect
dependence (see Appendix B). Also, the aforementioned 3-dB safety factor was applied in areas <3,280 ft
(1,000 m) deep.

Based on these procedures, the predicted unweighted (flat-weighted) 190 and 180 dB (rms) distances for
the exemplary W Gulf of Alaska cruise are shown in Table 2-10. Table 2-10 also shows alternative
estimates of the effective 190 and 180 dB (rms) distances that apply when one takes account of the lower
sensitivity of pinnipeds and (especially) odontocetes to LF sound, which is the predominant part of
seismic pulses. The “M-weighting” procedure used to derive these alternative estimates is described in
Section 2.3.2.3.
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Table 2-10. Summary of Predicted 180- and 190-dB Radii
(Unweighted and M-weighted) for the W Gulf of Alaska Sites

Water Depth Radius (m)*
Site (m) Weighting 180 dB (rms) 190 dB (rms)

Unweighted 1,012 206

LF cetaceans 1,012 209

1 <100 MF cetaceans 478 139
HF cetaceans 398 63

Pinnipeds 885 196

Unweighted 595 155

LF cetaceans 541 152

2 100-1,000 MF cetaceans 262 76
HF cetaceans 202 63

Pinnipeds 390 114

Unweighted 347 104

LF cetaceans 342 103

3 >1,000 MF cetaceans 177 54
HF cetaceans 139 45

Pinnipeds 264 76

Notes: *Radii shown are the more conservative (larger) of the values for each site
from the tables of Appendix B, Annex 6. They represent the maximum over all
modeled depths, up to the lesser of 2,000 m or seafloor depth, with a 3-dB
precautionary factor added to the raw model output for sites with a water depth less

than 1,000 m. Source is an 18-gun array (3,300 in%), at a tow depth of 6 m.
MF = mid-frequency, HF = high frequency.
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Figure 2-24

Predicted Unweighted/Flat Frequency SELSs for W Gulf of Alaska Modeling Sites 1

and 3

Notes: In order to avoid overlap, the sound field for site 2 is shown separately in Figure 2-25 below. Source is an 18-gun
array (3,300 in®) at a tow depth of 6 m. Modeling boundary outside of field of view due to the scale of figure.
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Figure 2-25  Predicted Unweighted/Flat Frequency SELs for W Gulf of Alaska Modeling Site 2
Notes: In order to avoid overlap, the sound fields for sites 1 and 3 are shown separately in Figure 2-24 above.
Source is an 18-gun array (3,300 in’) at a tow depth of 6 m. Modeling boundary outside of field of view due to the
scale of figure.
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a) Location 1 b) Location 2

(c) Location 3

Flat frequency SEL (dB re 1 yPa*s)

Figure 2-26  Predicted Unweighted/Flat Frequency SELs for W Gulf of Alaska Modeling Sites
(zoomed-in from Figures 2-24 and 2-25).
Note: Source is an 18-gun array (3,300 in°) at a tow depth of 6 m.
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2.3.3.2 R/V Langseth Acoustic Calibration Study

During late 2007/early 2008, a calibration study of the R/V Langseth’s 36-airgun array took place in the
Gulf of Mexico. The main purpose of the calibration study was to obtain acoustic measurements to better
understand the sound fields around various configurations of the R/V Langseth’s 36-airgun array during
seismic operations in different water depths. One of the fundamental motivations for the calibration effort
was the need to assess and verify the accuracy and applicability of L-DEO’s model of received sound
levels. The model has been used to predict the safety radii within which mitigation may be necessary in
order to avoid exposing marine mammals to airgun sounds at received levels exceeding established limits
(180 and 190 dB re 1 pPa,ys for cetaceans and pinnipeds, respectively, as set forth by NMFS) during
L-DEO operations.

Propagation measurements of pulses from the 36-airgun array were obtained in two water depths (5,200
and 164 ft [1,600 and 50 m]) during the calibration study. The results showed that radii around the
airguns for various received levels were larger in shallow water (Tolstoy et al. 2009). Comparison of the
modeling and calibration results for deep water showed that the model represents the actual produced
levels, particularly within the first few kilometers, where the predicted safety radii lie. At greater
distances, local oceanographic variations begin to take effect, and the model tends to overpredict. The
safety radii previously used for shallow water, as based on model results, are conservative (i.e.,
precautionary). A more detailed discussion of the R/V Langseth calibration results can be found in
Appendix H.

2.3.3.3 Acoustic Integration Model (AIM®©)

AIM is a four-dimensional, individual-based, Monte Carlo statistical model designed to predict the
exposure of moving receivers to any stimulus (sound or acoustic energy) propagating through space and
time (Frankel et al. 2002). AIM is centered upon the animat movement engine, described below, which
moves the assumed stimulus source and assumed animal receivers through four dimensions (time and
space) according to user inputs. AIM uses external range-dependent stimulus propagation models (e.qg.,
Parabolic Equation and Bellhop) and additional propagation models such as MONM (see above) can be
integrated to accommodate any class of propagation stimuli. In this application, MONM was used to
predict received levels of airgun sound in relation to bearing and distance from the airgun source (Figure
2-27).

Animat is the term used to refer to any object (i.e., source, receiver, or animal) in the model. Animats are
moved through space and time according to animat-specific rules. These rules are very flexible and fall
into two categories. The first are waypoint animats. As the name implies, these animats are moved in a
deterministic fashion, based upon time and space waypoints. Sound sources are typically waypoint
animats. AIM inputs include movement parameters for the sound source. Source parameters include its
movement pattern and duty cycle.
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Figure 2-27
Relationship of Marine Operations Noise Model (MONM)
and Acoustic Integration Model (AIM)
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The second class of animats are the stochastic animats—here marine mammals. For each category of
stochastic animats (e.g., each species or species group), appropriate ranges of values are specified for
speed of movement, direction changes, depth ranges, and duration for each behavioral state. Marine
mammal animats have at least two behavioral states, the surfacing and the dive. When more specific
information is available, additional dive behavioral states can be added to the animat to increase the
fidelity of its behavior. For example, spinner dolphin animats are typically programmed to have 50%
shallow dives, 40% moderately deep foraging dives, and 10% very deep foraging dives, reflecting the
distribution of their diving behavior over a 24-hr period. Furthermore, stochastic animats can have their
behavior modified by environmental conditions. For example, animats can be programmed to ‘reflect’ off
a depth contour, simulating the tendencies of many species to remain inshore or offshore of some depth
contour. Once the animats are programmed, the model moves them through space and time at user-
specified time intervals (e.g., 10 sec), and the received level of the stimulus is recorded for each animat at
each time step.

AIM uses external range-dependent propagation models to produce the estimated received level of the
stimulus at the location and depth of each animat. For the purposes of this EIS/OEIS, AIM used JASCO’s
MONM, which is specialized to correctly handle the propagation of signals from airgun arrays of specific
design that are operating in environments with complex propagation conditions.

AIM assumes that the environmental databases adequately represent the actual environment being
modeled. The database of sound velocity profiles contains monthly averages, and may not accurately
predict profiles in an area at all times, since unexpected environmental conditions (e.g., surface ducts) can
occur. AIM also assumes that the behavioral input parameters are representative of the movement patterns
of the animals.

For the assessment of impacts of the representative seismic operations on marine mammals in five DAAS,
the maximum received sound level (on an rms basis) and the integrated sound energy level was calculated
for each simulated animal. The latter was calculated for the 24-hr period centered on the time when the
simulated animal was exposed to the strongest sound. Either measure can be weighted by a user-specified
weighting function, and we have applied the M-weighting functions of Southall et al. (2007) to allow for
assumed frequency-dependence in the sensitivity of different marine mammal groups (see Section
2.3.2.3). Calculations were made using the M-weighted received sound levels as well as the flat
(unweighted) received levels. For each species or species-group, the ratio of estimated animal density in
the analysis area to modeled animat density was used to convert the predicted number of animat
exposures exceeding relevant regulatory standards to the actual number of animals that might be exposed
to such levels during the assumed seismic operation.

2.4  ALTERNATIVES CARRIED FORWARD FOR ANALYSIS

2.4.1 Alternative A: Conduct Marine Seismic Research Using Cruise-specific Mitigation
Measures

Under Alternative A, academic and U.S. government scientists supported with funds provided by NSF or
USGS, respectively, would conduct marine seismic research from research vessels operated by, or on
behalf of, U.S. academic institutions, research institutions, or government agencies. These seismic cruises
would be conducted in various study areas throughout the world’s oceans including the Atlantic, Pacific,
Indian, and Southern Oceans, as well as peripheral seas such as the Gulf of Mexico, Caribbean Sea,
Bering Sea, and Mediterranean Sea. There might typically be seismic research cruises in four to seven
areas annually, but with considerable variation possible. Seismic research cruises use a variety of airgun
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array configurations, and often use other non-seismic acoustic sources as well, including MBESs, SBPs,
pingers, ADCPs, and acoustic releases. Seismic sources would include high-energy source arrays of 18-36
airguns (up to a discharge volume of 6,600 in®) and low-energy source arrays of 1-4 airguns (up to a
discharge volume of 420 in®). Sources used in NSF-funded or USGS marine seismic research include
those on the R/V Langseth, the primary vessel used to support high-energy source seismic research, as
well as airguns and other seismic acoustic sources (e.g., sparkers, water guns, etc.) on UNOLS vessels
operated directly by the U.S. Government, such as USGS, and others as needed via contract or charter.
All NSF-funded or USGS marine seismic cruises would be conducted according to applicable U.S.
federal and state laws and regulations, and as applicable, foreign laws and regulations recognized by the
U.S. Government.

Numerous species of marine mammals and sea turtles are expected to be encountered during marine
seismic research activities. Permission for incidental ‘take’ of marine mammals and ESA-listed species
will be sought under the MMPA and the ESA through NMFS and the USFWS, and, seismic survey
operations would be conducted in accordance with the resulting regulations and terms and conditions
from NMFS and the USFWS. The following subsections describe mitigation measures that are an integral
part of NSF-funded and USGS marine seismic research activities under Alternative A. The procedures
described here are based on protocols used on previous seismic research cruises and on recommended
best practices in Richardson et al. (1995a), Pierson et al. (1998), and Weir et al. (2006), as well as
dialogue with NMFS and input from past public comment and local meetings for seismic cruises
conducted to date.

2.4.1.1 Mitigation Measures

The following mitigation measures would apply in general to all proposed NSF-funded and USGS marine
seismic research cruises. However, for those cruises that may be conducted within the EEZ and territorial
waters of another nation, additional or different mitigation measures may be required by that nation. In
addition, the following proposed mitigation measures are identified for NEPA purposes. While similar
mitigation and monitoring may be required for incidental take authorizations under the MMPA, such
mitigation would be developed in coordination with NMFS or the USFWS on a case-by-case basis for
specific cruises during the processing of the incidental take authorization.

Mitigation during Planning Phases

Research proposals submitted to NSF undergo a competitive, merit review process which typically
includes external expert review by an ad hoc panel and/or mail review. After scientific, technical, and
programmatic review and consideration of appropriate factors, the NSF Program Officer recommends to
the cognizant Division Director whether the proposal should be declined or recommended for award.
After Division approval has been obtained, the proposals recommended for funding are forwarded to the
Division of Grants and Agreements for review of business, financial, and policy implications and the
processing and issuance of a grant or other agreement. NSF strives to make funding decisions within 6
months of proposal receipt. Awardees that require time on research vessels are typically scheduled a
minimum of 1 year in advance of the desired cruise date.

Considerable planning is required to schedule a marine seismic research cruise. In scheduling a seismic
survey, NSF and the entities that propose to conduct the cruise would consider potential environmental
impacts including seasonal, biological, and weather factors; ship schedules; and equipment availability.
This preliminary assessment of potential environmental impacts would be part of the NSF proposal
review and cruise scheduling processes, with a full assessment completed prior to cruise departure.
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A preliminary assessment would include identifying within a proposed seismic survey area the
occurrence, level and type of use (e.g., breeding, feeding, migrating, etc.), and seasons of use by marine
mammals, sea turtles, and other ESA-listed species; potential occurrence of commercial, local, and
subsistence fishing activities; and other site-specific concerns. This preliminary information would be
used to assess the feasibility of conducting an NSF-funded marine seismic study at a specific location;
specific times or locations within an area where potential impacts would be avoided or minimized; and to
identify any additional mitigation and/or monitoring measures that would be implemented to avoid or
minimize potential impacts.

For each proposed research cruise, NSF and the project applicants would consider whether the research
objectives could be met with a smaller source and a survey design that minimizes seismic operations. If
there is concern about exposure of sensitive biota, NSF and the project proponents would also consider
whether a different survey time would reduce those effects. Through pre-cruise planning, areas and
seasons where there are expected concentrations of marine mammals and sea turtles would be identified
and avoided to the maximum extent practicable. Special consideration would be given to marine biota
engaged in sensitive activities such as breeding, rearing of young, and feeding. If appropriate, NSF and
the project proponents would also implement mitigation measures to address potential impacts to fishing
activities.

USGS marine seismic research projects are conducted to support approved programs of the USGS for
which the agency has direct or reimbursable funding. The potential environmental impact of such marine
seismic projects is considered throughout the planning process. Like NSF, the USGS also considers
whether research objectives can be attained using smaller seismic sources or alternative survey design
and, to the extent possible, surveys are planned to reduce the potential impact of seismic sources on
sensitive marine biota and human activities (e.g., fishing).

Visual Monitoring for Marine Mammals and Turtles

Under Alternative A, PSVOs would be based aboard the seismic source vessel, and would watch for
marine mammals and turtles near the vessel during daytime airgun operations and start-ups of airguns at
night. PSVOs would also watch for marine mammals and turtles near the seismic vessel for at least 30
min prior to the start of airgun operations after an extended shutdown. When feasible, PSVOs would also
make observations during daytime periods when the seismic systems are not operating for comparison of
animal abundance and behavior during seismic and non-seismic periods. Based on PSVO observations,
airguns would be powered down (see below) or, if necessary, shut down completely, when marine
mammals are observed within or about to enter a designated mitigation zone (MZ) (see below). The MZ
is a region in which a possibility exists of effects on animal hearing or other physical effects (Level A
harassment). PSVOs also monitor for species to the full mitigation zone (FMZ) which includes the area
identified for potential behavioral harassment (Level B harassment).

PSVOs would be appointed by the academic institution conducting the research cruise in the case of NSF-
funded research and by USGS in the case of USGS marine seismic research, with NMFS Office of
Protected Resources concurrence after review of their qualifications. At least one PSVO would monitor
the MZ during daytime airgun operations and any nighttime startups. PSVOs would normally work in
shifts of 4-hr duration or less and work no more than three shifts in a 24-hr period. The vessel crew would
also be instructed to assist in detecting marine mammals and turtles.

All vessels conducting NSF-funded or USGS marine seismic research would be required to have suitable
platforms for marine mammal and turtle observation. On the observation platform, the eye level of the
PSVO would be sufficiently above sea level, and the observer would have a clear view around most of the
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vessel. During daytime operations, the PSVO would scan the area around the vessel systematically with
reticule binoculars, “Big-eye” 25x power binoculars (on the R/V Langseth only), and with the naked eye.
Night vision devices (NVDs) would be available for their use. Laser rangefinding binoculars would be
available to assist in distance estimation.

Passive Acoustic Monitoring (PAM)

Passive acoustic monitoring (PAM) involves towing hydrophones that detect frequencies produced by
vocalizing marine mammals. Ideally, two or more hydrophones are used to allow some localization of the
bearing (direction) of the animal from the vessel. A key component of PAM which allows more effective
use is the computer signal processing to detect and localize marine mammal vocalizations. Several
prototype systems are under development.

During some cruises, PAM would be used during seismic operations in conjunction with visual
monitoring. PAM would normally be used for high-energy source surveys unless in the rare and unlikely
circumstances that, (1) it is damaged and rendered unoperable during a survey and back-up systems fail;
(2) it is deemed to be ineffective in detecting animals under the circumstances of the cruise; or (3) safety
of operations prevent its use. When implemented, PAM would typically be used during both daytime and
nighttime seismic operations as well as when the vessel is underway in the survey area with the airguns
silent. During a seismic survey, PAM can be effective at detecting some animals before they are detected
visually (Smultea and Holst 2003; Smultea et al. 2004). Its value can be limited, however, by bottom
configuration (water depth) and other environmental factors, and in some cases towing the PAM
equipment is not practicable. Because of present limitations to determine range of acoustic contacts, the
value of PAM is to detect acoustic cues that alert PSVOs of the presence and general direction of marine
mammals.

Inclusion of PAM does not reduce the need for visual observations, and it is expected that PAM operation
would require additional personnel beyond those aboard as PSVOs, including at least one with previous
PAM experience. NMFS would need to provide concurrence on the use of PAM personnel after review of
their qualifications. When PAM is used, PAM procedures and results would be included in post-cruise
reports submitted to NMFS and/or USFWS in accordance with MMPA and ESA regulatory requirements.

PSVO Data and Documentation

PSVOs would record data to estimate the numbers of marine mammals and turtles exposed to various
received sound levels and to document apparent disturbance reactions or lack thereof. Data would be used
to estimate numbers of animals potentially ‘taken’ by harassment (as defined in the MMPA). PSVOs
would also provide information needed to order a power down or shutdown of airguns when marine
mammals and turtles are within or near the MZ.

When a sighting is made, the following information would be recorded:

1. Species, group size, age/size/sex categories (if determined), behavior when first sighted and after
initial sighting, heading (if consistent), bearing and distance from seismic vessel, sighting cue,
swimming behavior relative to the airguns or vessel (e.g., stationary, directed away, approaching,
paralleling, etc.), and behavioral pace.

2. Time, location, heading, speed, activity of the vessel, sea state, wind speed, water depth,
visibility, and sun glare.

The data listed under (2) would also be recorded at the start and end of each observation watch and during
a watch whenever there is a change in one or more of the variables.
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All observations, as well as information regarding airgun power down and shutdown, would be recorded
in a standardized format. Data accuracy would be verified by the PSVOs at sea, and preliminary reports
would be prepared during the field program and summaries forwarded to the operating institution’s shore
facility and to the respective federal funding agency weekly or more frequently if necessary. PSVO
observations would provide the following information:

1. The basis for decisions about powering down or shutting down airgun arrays.

2. Information needed to estimate numbers of marine mammals and turtles potentially ‘taken by
harassment.” These data would be reported to NMFS and/or USFWS per terms of MMPA
authorizations.

3. Data on the occurrence, distribution, and activities of marine mammals and turtles in the area
where the seismic study is conducted.

4. Data on the behavior and movement patterns of marine mammals seen at times with and without
seismic survey activity.

A report would be submitted to NMFS and/or USFWS after the cruise in compliance with terms of
authorizations for marine mammal harassment or endangered species takes. The report would describe the
seismic operations and include a complete description of the data collected about marine mammals,
turtles, and any other threatened or endangered species observed.

NSF, NMFS, and USGS recognize situations where low-energy sources and/or limited duration of use in
locations of deeper water and expected low-density of marine mammals/turtles, coupled with PSVO
efforts and shut-down measures represent a no-take situation. While NSF would not request, and NMFS
would not issue, MMPA authorizations in these situations, NSF would still require information from the
seismic survey operator before the cruise regarding airgun operation plans, including plans for PSVO
observations, and a report after the cruise discussing the actual usage of airguns and marine mammal
observations. The USGS already follows and would continue to follow similar procedures for seismic
research cruises it conducts.

Proposed Safety Radii or MZ: Operations for Which Incidental Take of Marine Mammals is Anticipated

For operations under an IHA or LOA under Alternative A, detection of marine mammals within a
specified distance around the airguns (the MZ) would be followed by an immediate power down or
shutdown of the airguns. The mitigation radii under Alternative A would normally be the distances at
which the effective received sound level would diminish below 190 or 180 dB re 1 pPa (rms). Radii were
calculated for both M-weighted as well as flat (unweighted) levels. These radii are determined by
acoustical modeling that considers site-specific acoustic characteristics (water depth, in particular), the
airgun configurations to be used, and the hearing characteristics of expected marine mammals in the study
area. Modeling would incorporate the most current data on airgun output and species hearing
characteristics as it becomes available. However, for certain cetaceans of special concern, more
precautionary criteria would apply (see “Special Mitigation Measures” below).

Table 2-11 shows the estimated mitigation radii under Alternative A for the seismic surveys that are
assumed to occur in the five DAAs (from Appendix B). In DAAs where airguns would operate in both
deep (>3,281 ft [>1,000 m]) and shallower areas, mitigation radii are shown separately for the two depth
strata. For cetaceans, the mitigation distances are the unweighted and M-, M+ and Mps-weighted 180 dB
rms distances. For pinnipeds, they are the unweighted and M,,-weighted 190 dB rms distances. The
acoustic modeling methods by which these distances were calculated are described in Appendix B.
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Table 2-11. Summary of Level A Flat- and M-weighted Mitigation Radii under Alternative A for DAAs

Shallow/Deep Mitigation Radii (m)*

DAA Source Weighting | LF Cetaceans MF Cetaceans  HF Cetaceans Pinnipeds
Caribbean 23D full _refraction 36 airguns, 6,600 Flat-wt 1,379/806 1,379/806 1,379/806 380/252
in°, 4 strings, 12-m tow depth M-wt 1,338/741 533/234 447/182 262/102

NwW High resolution 3D, 1 pair of Flat-wt 64/36 64/36 64/36 14/14

Atlantic 45/105 in® Gl guns, 2.5-m tow depth M-wt 64/36 28/14 28/14 14/<10
S High resolution 3D, 1 pair 45/105 in® Flat-wt 64/NA 64/NA 64/NA 20/NA
California | Gl guns, 2.5-m tow depth M-wt 64/NA 30/NA 30/NA 14/NA
Galapagos 3-D reflection, 2 _stgings of 9 airguns Flat-wt NA/360 NA/360 NA/360 NA/110
(18 guns), 3,300 in®, 6-m tow depth M-wt NA/345 NA/180 NA/140 NA/81
W Gulf 3-D reflection, 2 strings of 9 airguns Flat-wt 1,012/347 1,012/347 1,012/347 206/104
of Alaska | (18 guns), 3,300 in®, 6-m tow depth M-wt 1,012/342 478/177 398/139 196/76

Notes: *NA = not applicable. Cetacean radii are estimated at 180 dB re 1 pPa (rms). For cetaceans of particular concern, more precautionary procedures

would be employed (see Special Mitigation Measures). Pinniped radii are estimated at 190 dB re 1 pPa (rms).

Proposed Safety Radii or MZ: Operations for Which Incidental Take of Marine Mammals is not
Anticipated or Authorized

Shutdowns or power downs would be required whenever marine mammals or turtles are detected within
an FMZ, defined as an extended MZ encompassing the full region in which NMFS estimates behavioral
disturbance (>160 dB re 1 uPa [rms]), also called ‘Level B harassment’, might occur. The FMZ must be
clearly visible and PSVOs available to monitor it throughout any period of seismic source use. These
operations would use low-energy seismic sound sources in which 180 dB re 1 uPa (rms) is not exceeded
or within close proximity to the source and the extent of 160 dB re 1 pPa (rms) sound levels are within
200 m of the source.

While technically the FMZ may be an overestimation of the area potentially ensonified to 160 dB re 1
uPa (rms), it must be within a range that can be effectively monitored. Proposed use of sources would be
on the order of hours or short-duration shooting over several days (not extensive track-lines). Examples of
proposed actions would be use of 1-2 Gl-guns for bore-hole testing (e.g., VSP). The small number of
airguns in these situations limits application of ramp-ups and power-downs. Immediate shut-down for a
marine mammal or turtle approaching the FMZ would be the primary mitigation response.

With mitigation, no takes would be expected. When proposed research cannot avoid an area of particular
sensitivity, the action would require additional considerations and potentially an incidental take
authorization. In general, surveying with small sources as well as VSP carried out in the vicinity of drill
sites (stationary vessel sources) that have habitat sensitivity or other issues that might require a specific
incidental take authorization (e.g., IHA or LOA) would be determined in consultation with NMFS OPR.

Mitigation during Operations

Operational measures to mitigate the impact of sound on marine mammals and turtles include:

6. Vessel speed or course alteration;

7. Airgun array power down;

8. Airgun array shutdown;

9. Airgun array ramp-up; and

10. Special mitigation measures for circumstances of particular concern.

Speed or course alteration. If a marine mammal or turtle is detected outside the MZ but is likely to enter
it based on relative movement of the vessel and the animal, then if safety and scientific objectives allow,
the vessel speed and/or course would be adjusted to minimize the likelihood of the animal entering the
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MZ. It should be noted that major course and speed adjustments are often impractical when towing long
seismic streamers and large source arrays; thus for surveys involving large sources, alternative mitigation
measures would often be required.

Power down procedures. A power down involves reducing the number of airguns operating to a single
airgun in order to minimize the size of the MZ. The continued operation of one airgun is intended to alert
marine mammals and turtles to the presence of the seismic vessel nearby.

If a marine mammal or turtle is detected within, or is likely to enter the MZ of the array in use, and if
vessel course/speed changes are impractical or would not be effective to prevent the animal from entering
the MZ, then the array would be powered down to ensure the animal remains outside the smaller MZ of
the single airgun. If the size of the MZ for the single airgun would not prevent the animal from entering it,
then a shutdown would be required, as described below.

Following a power down, airgun activity would not resume until the marine mammal or turtle is outside
the MZ for the full array. The animal would be considered to have cleared the MZ if it:

¢ isvisually observed to have left the MZ;

¢ has not been seen within the MZ for 15 min in the case of small odontocetes, pinnipeds, and sea
otters;

¢ has not been seen within the MZ for 30 min in the case of mysticetes and large odontocetes,
including sperm, pygmy sperm, dwarf sperm, and beaked whales; or

o the vessel has moved outside the applicable MZ in which the animal in question was last seen.

Following a power down and subsequent animal departure as noted above, the airgun array would resume
operations following ramp-up procedures described below.

Shutdown procedures. If a marine mammal or turtle is within or about to enter the MZ for a single airgun,
or for a single airgun following a power down, all operational airguns would be shut down immediately.
Airgun activity would not resume until the animal had cleared the MZ for the full array of airguns to be
used, as described above.

Ramp-up procedures. A ramp-up procedure would be followed when an airgun array begins operating
after a specified period without operations. The period would vary depending on the speed of the source
vessel and the size of the airgun array being used. The specified period is defined as the time taken for the
source vessel to travel the radius of the MZ specified for the array to be used.

Ramp-up would begin with the smallest airgun in the array. Airguns would be added in a sequence such
that the source level of the array would increase in steps not exceeding 6 dB per 5-min period. A 36-
airgun array would take approximately 30 min to achieve full operation via ramp-up. During ramp-up, the
PSVOs would monitor the MZ, and if marine mammals or turtles are sighted, decisions about
course/speed changes, power down, and shutdown would be implemented as though the full array were
operational.

Initiation of ramp-up procedures from shutdown requires that the FMZ must be visible by the PSVOs for
30 min, whether conducted in daytime or nighttime. This requirement would often preclude startups under
nighttime or poor-visibility conditions except for small sources with restricted MZs. Ramp-up is allowed
from a power down under reduced visibility conditions, but only if at least one airgun has operated
continuously with a source level of at least 180 dB re 1 uPa-m (rms) throughout the survey interruption. It
is assumed that the single airgun would alert marine mammals and turtles to the approaching seismic
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vessel, allowing them to move away if they choose. Ramp-up procedures would not be initiated if a
marine mammal or turtle is observed within the MZ of the airgun array to be operated.

Special mitigation measures. Airgun arrays would be shut down (not just powered down) if any of the
following four species is sighted from the vessel, even if outside the MZ, due to their rarity and sensitive
status: N Pacific right whale, N Atlantic right whale, Northeast Atlantic bowhead whale, and W Pacific
gray whale. In case of confirmed sightings of any of these species, airgun operations would not resume
until 30 min after the last documented whale visual sighting and the PSVO is confident that the whale is
no longer in the vicinity of the vessel. Other species can be designated for special measures when
appropriate.

Special measures would also apply over continental slopes, especially regions with submarine canyons,
where beaked whales are believed to concentrate. Extra mitigation would be implemented there to
minimize potential impacts on these species. Where possible, NSF-funded and USGS seismic surveys
would minimize operations near submarine canyons. Extra vigilance, including use of extra PSVOs,
would be maintained where such approaches are unavoidable. These special monitoring and mitigation
requirements would be established in advance in consultation with NMFS for each cruise that would
conduct seismic survey operations over slopes and canyon regions.

In addition to the mitigation efforts described above, NSF-funded and USGS marine seismic research
operations would take special precautions to avoid impacting migrating, breeding, and nursing
congregations of marine mammals; waters proximal to nesting sites and feeding areas of sea turtles; and
waters important to juvenile or adult listed salmon and other protected species.

2.4.1.2 Effectiveness of Previous Mitigation and Monitoring Measures

As indicated in Table 2-1, from 2003 through 2009, NSF funded 30 academic marine seismic surveys in
various oceans. A marine mammal monitoring and mitigation program was implemented during each of
these cruises, and as applicable, for sea turtles as well (e.g., Smultea and Holst 2003; Haley and Koski
2004; Holst 2004; MacLean and Haley 2004; Holst et al. 2005a, b, 2006; Smultea et al. 2004, 2005;
MacLean and Koski 2005). A summary of the effectiveness and limitations of the mitigation measures
undertaken during L-DEO seismic surveys is in preparation (Holst et al. in prep.) and is summarized
briefly below.

The primary objective of the monitoring and mitigation program is to minimize exposure of marine
mammals and sea turtles to strong sound pulses. Incidental disturbance in response to received levels
below 180 and 190 dB re 1 pPa rms (for cetaceans and pinnipeds, respectively) has been allowed under
the IHA process, provided the numbers of animals involved are small and effects are considered
negligible, as determined by NMFS. The procedures rely (in part) on avoidance responses by some
mammals as one means of reducing risk of exposure to high sound levels. For example, there is evidence
that baleen whales will often show avoidance of a small airgun source, suggesting that they will also show
avoidance upon onset of a ramp-up when just one airgun is firing (Malme et al. 1985, 1986, 1988,
Richardson et al. 1986, McCauley et al. 1998, 2000, 2003 in McCauley and Hughes 2006).

In general, no one monitoring or mitigation measure is entirely effective for every species of marine
mammal or sea turtle (e.g., Barlow and Gisiner 2006; Holst et al. in prep.). Thus, a combination of
measures is applied during NSF-funded seismic surveys. During NSF-funded surveys since 2003,
monitoring and mitigation measures were implemented as described above for Alternative A. These
included pre-cruise planning, power/shutdowns when animals were sighted within or approaching the
MZ, ramp-ups, and special measures on occasion as required for site-specific concerns. Monitoring
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efforts included visual observations by trained and NMFS-approved PSVOs, as well as PAM during
certain cruises.

Pre-cruise planning, which evaluated and implemented seasonal restrictions and reduced acoustic source
size, appears to have been effective during previous L-DEO surveys (Holst et al. in prep.). Areas where
concentrations of breeding and calving marine mammals occur were avoided as practicable, as were sea
turtle nesting areas. Reducing source sizes, when possible, decreased the source level and also reduced the
distances within which specified levels were exceeded.

Even with the most restrictive provisions, some mammals and turtles were seen within the safety radius
when first detected and thus were ‘taken’ according to the existing criteria as specified by NMFS at the
time. Power/shutdowns were implemented during surveys when marine mammals or sea turtles were
detected within the applicable safety radius (summarized in Holst et al. in prep.), thus reducing the
cumulative energy exposure; the total sound exposure is important when discussing effects on marine
animals (Southall et al. 2007; see Appendix B and Section 2.3.3).

Preliminary analyses of data from the large-source L-DEO surveys show that sighting rates of cetaceans
were typically greater during non-seismic than during seismic periods, indicating that some marine
mammals did avoid the vessel; results from small-source surveys are less conclusive (Holst et al. 2006).
The effectiveness of ramp-up procedures remains uncertain. However, it is assumed that ramp-ups
provide animals the chance to leave the ensonified area before the full airgun array is in operation. Marine
mammals were seen during ramp-ups on occasion, causing a power/shutdown of the airgun array.

Although injured or dead marine mammals or sea turtles were occasionally seen during NSF-funded
seismic surveys, there was no evidence that deaths or injuries were associated with the seismic operations.
Dead animals seen from the seismic vessel were often in an advanced state of decomposition and were
determined to have died long before they were approached by the seismic vessel.

Visual observations have been an effective monitoring tool as evidenced by the numbers of individual
marine mammals and sea turtles observed during L-DEQO’s past seismic surveys (e.g., Smultea et al. 2004,
2005; MacLean and Koski 2005; Hauser et al. 2008; Holst and Smultea 2008). However, there are
limitations to the effectiveness of visual observations, especially at night, even when NVDs are used
(summarized in Smultea and Holst 2003; Smultea et al. 2004; Barlow and Gisiner 2006; Holst et al. in
prep.). PAM has also been an effective monitoring tool during some NSF-funded surveys, particularly
during darkness (e.g., Smultea et al. 2004; Holst et al. in prep.). During various cruises, PAM has been
used to detect vocalizing animals not seen by PSVOs (and vice versa), though again there are limitations.
Non-vocalizing animals cannot be detected using PAM (e.g., Barlow and Gisiner 2006; Holst et al. in
prep.). Also, it is usually not possible (with available PAM techniques) to accurately determine the
distance or location of a vocalizing marine mammal.

The preliminary results from completed NSF-funded L-DEO academic seismic surveys indicate that
monitoring and mitigation measures have been effective in reducing the potential exposure of marine
mammals and sea turtles to high-level seismic sounds and, presumably, of biologically significant effects
(Holst et al. in prep.). Various monitoring and mitigation methods and measures can be combined to
complement one another. Additional information is needed on the effects of various levels of airgun and
vessel sounds on marine mammals and sea turtles to better assess the effectiveness of monitoring and
mitigation measures. NSF-funded mitigation and monitoring efforts to date have contributed to
knowledge on the occurrence, density, and behavior of marine mammals and sea turtles during periods
with and without seismic operations. This information can be used to provide animal density estimates to
assess potential impacts of past and future seismic (and other) projects, including estimated numbers of
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animals exposed to various underwater sound levels. Such data are particularly useful in areas where there
has been little previous systematic study of marine mammal (or sea turtle) occurrence. Data collected
during these NSF-funded cruises have also contributed to assessments of the impacts of seismic survey
activities on the distribution, density, and behavior of marine mammal and sea turtle species.

2.4.2 Alternative B: Conduct Marine Seismic Research using Cruise-specific Mitigation
Measures with Generic Mitigation Measures for Low-energy Acoustic Sources (Preferred
Alternative)

Alternatives A and B differ in how the proposed safety radii or MZs are determined. For operations with
no request for MMPA incidental take authorization, the MZs are the same in Alternative A and
Alternative B. Where take is expected and authorization is requested, Alternative A would require a
specific calculation of MZs and FMZs for every proposed cruise, whereas Alternative B introduces a
generic set of MZ conditions that would be applied to low-energy seismic operations (as defined below in
Section 2.4.2.1) proposed in water depths greater than 328 ft (100 m).

As seen in Table 2-12, the use of small numbers of GI guns and other acoustic sources for low-energy
seismic survey work in waters >328 ft (100 m) in depth, most often conducted on UNOLS and USGS
vessels or in support of ocean-drilling operations, have modeled MZs of <328 ft (100 m). Therefore, in
Alternative B, NSF and USGS would conservatively apply the use of a 328-ft (100-m) MZ for all low-
energy acoustic sources (as defined below in Section 2.4.2.1) in water depths >328 ft (100 m).

Table 2-12. Summary of Modeled Level A Mitigation Radii for Low-Energy Sources used
in Previous Seismic Survey Cruises or Proposed in this EIS/OEIS

Est. Max. Mitigation
Radii (m) at RL of 180 dB*
Depth (m)
DAA or Previous Cruise Source Tow Depth (m) 100-1,000 >1,000
DAA in this EIS/OEIS
NW Atlantic DAA® 1 pair 105-in° GI guns 2.5 57 36
S California DAAY 1 pair 105-in° GI guns 2.5 64
Previous Cruises

2004, NW Atlantic 1 80-in° Gl gun 3 36
3882' glvv\\lll:/)ﬂ;t(l:?fr;gc 1 pair 105-in® GI guns 3 54
2004, Gulf of Alaska 1 pair 105-in° GI guns 3 81 54
2004, E Trop. Pacific 1 105-in° Gl gun 2.5 41 27
2005, Aleutians 1 105-in° Gl gun 3 41 27
2006, Louisville Ridge 60 40
2006-07, S Pacific 1 pair 45-in® G guns 2 40
2007, NE Indian Ocean 40
2006, E Trop. Pacific 1 pair 105-in° GI guns 2 54
2007, NE Pacific; 35 23
2008, NE Pacific; . 3 35 23
2008, SB Channel 1 45-in" Gl gun 25 35 23
2009, NE Pacific 35 23

. 1 pair 45-in° G guns 3 60
2009, NW Atlantic . gs_mg ol gung N e
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Table 2-12. Summary of Modeled Level A Mitigation Radii for Low-Energy Sources used
in Previous Seismic Survey Cruises or Proposed in this EIS/OEIS

Previous Cruise

Source

Est. Max. Mitigation
Radii (m) at RL of 180 dB*

2008, Santa Barbara
Channel

BOOMER

SL =203 dB re 1 pPa (rms)

2 (measured)
16 (modeled)

SL =188.8 dB re 1 pPa (rms)

2.3 (measured)
2.7 (modeled)

SL =209 dB re 1 pPa (rms) 28 (modeled)
ReyeDs?rgaﬁ?(;rr];fa(g?llJn;GS) SIG 2 mille sparker @ 1,500 joules 25
Huntec boomer 17
Edgetech 5121 chirp 8
Gulf of Mexico® 15 in® water gun 15
(USGS) 13in° Gl gun 15
24.in° Gl gun 25
35in° Gl gun 25

Notes: *Cetacean radii are estimated at 180 dB re 1 puPa (rms). For cetaceans of particular concern, more
precautionary procedures would be employed (see Special Mitigation Measures). Pinniped radii are estimated

at 190 dB (rms).

Sources: ® This EIS/OEIS; @ Hart et al. 2006; © Hutchinson and Hart 2003.

For proposed seismic research utilizing higher numbers of guns and energy levels, NSF and USGS would
continue to utilize cruise-specific MZs based on acoustic modeling detailed under Alternative A. The
mitigation and monitoring measures (e.g., PSVOs, power downs, etc.) proposed for use under Alternative
A would also be implemented under Alternative B for both low- and high-energy acoustic sources.

2.4.2.1 Low-Energy Acoustic Sources for Seismic Research

For the purposes of this EIS/OEIS, a low-energy source is defined as an acoustic source whose received
level is <180 dB at 328 ft (100 m) (Table 2-13). Based on this definition and previous modeling results of
various acoustic sources previously assumed to be low-energy sources, the following categories of
acoustic sources are defined as low-energy seismic sources:

e Gl Guns:

- Any single or any two GI guns.
- Three or four Gl guns, within the allowable range of tow depths and element separations

listed in Table 2-13 and explained in detail in Appendix F.

e Generic single-chamber airguns:
- Atuned array of four airguns (volumes between 25 and 160 in® each) within the allowable
range of tow depths and element separations listed in Table 2-13 and explained in detail in

Appendix F.

- Asingle pair of clustered airguns with individual volumes of 250 in® or less.
- Two small 2-clusters (four airguns) with maximum volumes of 45 in®,

- Any single airgun 425 in® or smaller, at any tow depth.

e Any sparker, boomer, water gun, or chirp system with a source level <205 dB re 1uPa-m.
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Table 2-13. Defined Low-Energy Sources under Alternative B

Acoustic Source | Volume | TowDepth [  Spacing
Gl GuUNs
1-2 Gl Guns Any Any Any
3-4 Gl Guns See Appendix F See Appendix F | See Appendix F
GENERIC SINGLE CHAMBER AIRGUNS
Tuned array of 4 25-160 in® each See Appendix F | See Appendix F
1 clustered pair <250 in° each Any Any
2 small clustered pairs <45 in’ each Any Any
1 single <425 in® Any Not applicable
Acoustic Source Source Level Tow Depth
BOOMER, SPARKER, WATER GUN, AND CHIRP <205 dB re 1puPa-m Im

Under Alternative B, for any seismic survey cruise that proposes a low-energy source as defined above,
there would be a standard MZ of 328 ft (100 m) for all marine mammals and turtles. For acoustic sources
not defined as low-energy sources, cruise-specific MZs would need to be modeled to determine the
effective MZs for marine mammals and turtles.

2.4.3 Comparison of Alternative A and Alternative B

Table 2-14 provides a summary of the MZs proposed under Alternative A and Alternative B.

Table 2-14. Comparison of Alternatives A and B

Alternative B

Stipulation Alternative A | (Preferred Alternative)
200-m FMZ for expected no-take situations X X
100-m MZ for defined low-energy sources X
Cruise-specific calculations of MZs for all sources defined X
as low energy
Cruise-specific calculations of FMZs for all sources X X

defined as low or high energy

2.4.4 Alternative C: No-Action Alternative

Under the No-Action Alternative, NSF would not fund and USGS would not conduct marine seismic
research using airguns and other acoustic sources (e.g., MBES, SBP, pingers, etc.). The seismic data from
the proposed surveys have important implications for scientific research and, in some cases, human safety
and well-being. The No-Action Alternative, through the loss of geophysical seismic research funding,
would result in a loss of important scientific data and knowledge relevant to a number of research fields
(e.g., detection of gas hydrate deposits and offshore freshwater aquifers; understanding of geohazards
such as earthquake faults, the potential for submarine slide development and tsunami generation; and/or
information about marine habitats and offshore cultural features). For geohazard or resource issues, this
lack of further data acquisition could have a potentially harmful effect on marine or human populations.
While the No-Action Alternative is not considered a reasonable alternative because it does not meet the
purpose and need for the Proposed Action, as required under CEQ regulations (40 CFR 1502.14[d]), the
No-Action Alternative is carried forward for analysis.

2.5 ADAPTIVE MANAGEMENT

Adaptive management principles consider appropriate adjustments to mitigation, monitoring, and
reporting as the outcomes of the proposed actions and required mitigation are better understood. NMFS
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includes adaptive management principles in the incidental take authorizations for the implementation of
the proposed action, and any adaptive adjustments of mitigation and monitoring would be led by NMFS
via the MMPA process and developed in coordination with NSF, including for subsequent tiered or
supplemental NEPA documents following this EIS/OEIS. Continued opportunity for public input would
be included via the MMPA process, as appropriate. The intent of adaptive management here is to ensure
the continued proper implementation of the required mitigation measures, to conduct appropriate
monitoring and evaluation efforts, and to recommend possible adjustments to the
mitigation/monitoring/reporting to accomplish the established goals of the mitigation and monitoring
which include:

1. Mitigation

a) Avoidance or minimization of behavioral disturbance, injury, serious injury, or death of
marine mammals wherever possible (goals b, ¢, and d may contribute to this goal).

b) A reduction in the numbers of marine mammals (total number or number at biologically
important time or location) exposed to received levels of acoustic sources used in marine
seismic research or other activities expected to result in the take of marine mammals (this
goal may contribute to a, above, or to reducing harassment takes only).

¢) A reduction in the number of times (total number or number at biologically important time or
location) individuals would be exposed to received levels of acoustic sources used in marine
seismic research or other activities expected to result in the take of marine mammals (this
goal may contribute to a, above, or to reducing harassment takes only).

d) A reduction in the intensity of exposures (either total number or number at biologically
important time or location) to received levels of acoustic sources used in marine seismic
research or other activities expected to result in the take of marine mammals (this goal may
contribute to (a), above, or to reducing the severity of harassment takes only).

e) A reduction in adverse effects to marine mammal habitat, paying special attention to the food
base, activities that block or limit passage to or from biologically important areas, permanent
destruction of habitat, or temporary destruction/disturbance of habitat during a biologically
important time (Note: implementation of the Proposed Action is not anticipated to result in
adverse effects to habitat).

f) For monitoring directly related to mitigation - an increase in the probability of detecting
marine mammals, thus allowing for more effective implementation of the mitigation
(shutdown zone, etc.).

2. Monitoring

a) An increase in the probability of detecting marine mammals, both within the FMZ (thus
allowing for more effective implementation of the mitigation) and in general to generate more
data to contribute to the effects analyses.

b) An increase in our understanding of how many marine mammals are likely to be exposed to
levels of acoustic sources used in marine seismic research that we associate with specific
adverse effects, such as behavioral harassment, TTS, or PTS.

c) An increase in our understanding of how marine mammals respond (behaviorally or
physiologically) to acoustic sources used in marine seismic research (at specific received
levels) or other stimuli expected to result in take and how anticipated adverse effects on
individuals (in different ways and to varying degrees) may impact the population, species, or
stock (specifically through effects on annual rates of recruitment or survival).

d) An increased knowledge of the affected species.
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e) An increase in our understanding of the effectiveness of certain mitigation and monitoring
measures.

f) A better understanding and record of the manner in which the authorized entity complies with
an incidental take authorization.

Generally speaking, adaptive management supports the integration of NEPA’s principles into the ongoing
implementation and management of the Proposed Action, including a process for improving, where
needed, the effectiveness of the identified mitigations. Note that any adjustment of mitigation and
monitoring would be evaluated to determine whether it would be within the scope of the environmental
analyses and considerations presented in this EIS/OEIS.

2.6 ALTERNATIVES CONSIDERED BUT ELIMINATED FROM FURTHER ANALYSIS

No other action alternatives have been identified that would meet the purpose of and need for the
Proposed Action. Although there are “standard” mitigation measures and radii in place for other agencies
and jurisdictions (e.g., Australian Department of Environment and Heritage [ADEH] 2001; Joint Nature
Conservation Committee 2004; Department of Fisheries and Oceans Canada [DFOC] 2005b; New
Zealand Department of Conservation 2006; Minerals Management Service [MMS] 2007), these measures
are not based on site- or source-specific acoustic modeling and also do not take into account the known or
expected hearing abilities of the different groups of marine mammals. For example, DFOC (2005b) and
MMS (2007) require a standard 1,640-ft (500-m) mitigation radius around all seismic survey operations
using airguns irrespective of the number or size of airguns being used, water depth, or marine mammal
species. Both action alternatives would utilize the most current, scientifically accurate predictive
mitigation radii based on acoustical modeling that considers site-specific acoustic characteristics, the
cruise-specific airgun arrays and their acoustic and operational parameters. Alternatives A and B were
modeled in two ways, using both the unweighted (flat) and M-weighted received levels, which reflect the
expected hearing capabilities of specific marine mammal groups.

Due to the potential impacts on marine mammals and other marine resources from the predominantly LF
sound generated from airguns, alternatives to the use of airguns as the primary acoustic source in marine
seismic surveys have been proposed, including, but not limited to:

e As an alternative to airguns, a quieter marine vibrator has been developed with significantly less
energy above 100 Hz (Deffenbaugh 2002; Weilgart 2010). However, with the constant movement
of the vibrator in the marine environment, spatial resolution of the received acoustic signal is
significantly degraded. Therefore, at this time, this technology is not capable of addressing the
needs of NSF-funded or USGS-conducted marine geophysical science.

e In terms of measuring the physical properties of the deep earth, the use of a controlled
electromagnetic source has been proposed (Weilgart 2010). The resolution and capabilities of this
technique are greatly limited at this time, and its use is dependent on the electrical properties of
the sedimentary materials, which are very different than the seismic properties. For example, it
cannot map sedimentary layering or fault surfaces, and cannot accurately delineate the boundary
between the crust and the mantle (or the moho). The mapping of these subsurface characteristics
is an important purpose of marine seismic surveys. The use of an electromagnetic source would
be considered a supplement to current marine seismic techniques using airguns.

e Additional controlled sources that have been proposed include a low-frequency acoustic projector
(e.g., Low-Impact Seismic Array or LISA), a solid-state piezo-ceramic Helmbolz resonator (e.g.,
Deep-Towed Acoustic/Geophysics System or DTAGS), and other non-impulsive, oscillating
sound sources (Weilgart 2010).
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e Other alternatives that have been proposed include a mobile sea floor source with trawled surface
receivers and a highly sensitive optical fiber hydrophone (Dolman et al. 2006; Weilgart 2010).
There have also been discussions regarding the development of “suppressor” or “silencer”
devices to reduce an airgun’s higher frequency output (Dolman et al. 2006; Weilgart 2010).

None of these alternative technologies are currently at a state of development in terms of resolution,
efficiency, and overall capability to meet the purpose and need of current marine seismic research
objectives. As these and other technologies become more advanced and capable of meeting the needs of
researchers, they would be considered for use in future NSF-funded and USGS-conducted marine seismic
research after further environmental review.
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CHAPTER 3
AFFECTED ENVIRONMENT AND ENVIRONMENTAL CONSEQUENCES

This chapter describes the existing environmental conditions in and around the five DAAs and eight
QAAs for resources potentially affected by implementation of Alternative A or B as described in Chapter
2. Information presented in this chapter represents baseline conditions against which the alternatives are
evaluated to identify potential impacts.

In compliance with NEPA, CEQ regulations, and EO 12114, the description of the affected environment
focuses only on those resources potentially subject to impacts. Accordingly, the discussion of the affected
environment (and associated environmental analyses) focuses on marine biological resources, cultural
resources, and socioeconomics within the DAAs and QAAs. Several additional resources that are
generally evaluated in the preparation of an EIS/OEIS were not evaluated in this EIS/OEIS because it was
determined that implementation of Alternative A or B would be unlikely to have any effect on these
resources: transportation and circulation, air quality, land use, safety, hazardous materials and
management, geological resources, water resources, terrestrial biological resources, environmental justice,
and visual resources. A brief explanation of the reasons why each resource has been excluded from
analysis in this EIS/OEIS is provided below.

Transportation. Generally, only a single research vessel is used during a marine seismic survey cruise
within a given area. Therefore, projected increases in vessel traffic due to implementation of Alternative
A or B would constitute a negligible portion of the total existing vessel traffic in the analysis areas.

Air Quality. The emissions from research vessels conducting marine seismic surveys across the world’s
oceans is expected to have a negligible impact on the air quality within any analysis area.

Land Use. Since all proposed marine seismic research activities would occur within the marine
environment, there would be no impacts to land use or associated land use policies.

Safety and Hazardous Materials Use and Management. All safety and hazardous materials concerns
would be restricted to activities occurring on the research vessel and would only have potential impacts
on the crew and personnel of the research vessel. Each research vessel has standard safety and hazardous
material management guidelines and procedures that must be followed by all crew members, personnel,
and visiting scientists while aboard the vessel.

Geological Resources. Implementation of Alternative A or B would not adversely affect geological
resources as only minor impacts would occur (e.g., use of OBS/Hs on the ocean bottom).

Water Resources. Activities conducted during proposed marine seismic surveys would not introduce any
materials or substances into the marine environment that would adversely affect marine water quality.
Therefore, there would be no impacts to water resources with implementation of Alternative A or B.

Terrestrial Biological Resources. All proposed marine seismic research activities would occur within the
marine environment and would not impact terrestrial biological resources.

Environmental Justice. Implementation of Alternative A or B would comply with EO 12898, Federal
Actions to Address Environmental Justice in Minority and Low-income Populations and EO 13045,
Protection of Children from Environmental Health Risks and Safety Risks. Alternative A or B would
occur within the offshore marine environment and no impacts to schools, children, or minority
populations would occur.
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Visual Resources. Generally, only a single research vessel is used during a marine seismic survey cruise
within a given area. Therefore, implementation of Alternative A or B would have a negligible effect on
visual resources within the analysis areas. The proposed marine seismic surveys would not adversely
impact any scenic and visual qualities or coastal viewsheds in the analysis areas.

3.1 ACOUSTIC ENVIRONMENT
3.1.1 Ambient Noise

Unwanted sound — sound that clutters and masks other sounds of interest — is known as ambient noise or
environmental background noise (Richardson et al. 1995a). Ambient noise comes from natural, both
physical and biological, and anthropogenic sources.

3.1.1.1 Wind and Waves

The dominant physical mechanisms of naturally occurring sound in the ocean occur at or near the ocean
surface. Wind and waves are common and interrelated sources of ambient noise in the ocean. Other
factors being equal, ambient noise levels tend to increase with increasing wind speed and wave height.
Surf noise is a form of wave noise localized near the land-sea interface and can raise underwater sound
levels by more than 20 dB a few hundred meters outside the surf zone within a frequency of 10 Hz to 10
kHz. At a distance of 5.3 mi (8.5 km), the received sound level in the 100-700 Hz band was
approximately 10 dB higher from directions toward the beach. Surf noise may be prominent near shore
even in calm wind conditions (Urick 1984; Richardson et al. 1995a; National Research Council [NRC]
2003a).

3.1.1.2 Precipitation

Precipitation on the ocean surface also contributes sound to the ocean. In general, noise from rain or hail
is an important component of total noise at frequencies >500 Hz during periods of precipitation. Rain can
increase natural ambient noise levels by up to 35 dB across a broad band of frequencies from several
hundred Hz to more than 20 kHz (Richardson et al. 1995a; NRC 2003a). Heavy precipitation associated
with large storms can generate noise at frequencies as low as 100 Hz and significantly affect ambient
noise levels at a considerable distance from the storm’s center (U.S. Navy 2001). In addition, thunder and
lightning are loud, explosive events that have a short-term local effect on ambient noise. Underwater
recordings of received sound of thunder from a storm 3-6 mi (5-10 km) away have been measured up to
15 dB above background levels at peak frequencies between 50 and 250 Hz (NRC 2003a). The source
level of lightning strikes on the water surface has been estimated to be 260 dB (Urick 1984; Hill 1985).

3.1.1.3 Geological Noise

Noise from earthquake, volcanic, and hydrothermal vent activity can contribute significantly to ambient
noise at low frequencies, particularly in geologically active areas. Movement of sediment by currents
across the ocean bottom can also be a significant source of ambient noise at frequencies from 1 to >200
kHz (NRC 2003a).

3.1.1.4 Sea Ice Noise

Although the levels of sea ice noise are highly variable, sea ice noise can be significant at high latitudes.
The impact from ice cover varies according to the type and degree of ice cover, whether it is shore-fast
pack ice, ice floes and moving pack ice, or at the marginal ice zone (NRC 2003a). Noise from sea ice
arises from two mechanisms: thermal stress and mechanical stress. Thermal stress occurs when
temperature changes induce cracking. Mechanical stress occurs when pressure from wind and currents
causes ice deformation and produces significant noise at low frequencies. Noise from ice deformation has
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been measured at frequencies of 4-200 Hz with source levels for 4- and 8-Hz tones ranging from 124 to
137 dB re 1 uPa-m (Urick 1984; Richardson et al. 1995a).

3.1.1.5 Biological Noise

Biological sources of underwater noise are sounds created by animals and can contribute significantly to
the ambient noise levels in certain areas of the ocean. Marine mammals are major contributors, but some
Crustacea (e.g., snapping shrimp) and fish (e.g., drumfish) can also be significant. Frequencies of
biological noises range from approximately 12 Hz to over 100,000 Hz (Richardson et al. 1995a; NRC
2003a).

3.1.1.6  Shallow Water Ambient Noise

Shallow water is often defined as water <656 ft (200 m) deep. There is a wider range of ambient noise
levels and frequency in shallow water than in deep water under similar wind and wave conditions. The
primary sources of noise in shallow water regions are shipping, industrial, or seismic-survey activities;
wind and waves; and biological noise. Sound propagation in shallow water is strongly influenced by
bottom conditions, including depth, slope, and type of bottom (e.g., sand, rock). Ambient noise levels
tend to be high where the bottom is reflective and low where it is absorptive (Urick 1984; Richardson et
al. 1995a).

3.1.1.7 Deep Water Ambient Noise

The primary sources of deep-water ambient noise include shipping, geologic activity, and weather (e.qg.,
precipitation, wind). From 20-300 Hz, noise from shipping usually exceeds noise from wind. Depending
on the level of wind-dependent ambient noise, shipping may or may not be significant above 300 Hz.
From 500 Hz to 50 kHz, wind, wave, and precipitation dominate the ambient acoustic environment (Urick
1984; Richardson et al. 1995a).

3.1.1.8 Anthropogenic Noise

Most man-made noises that may affect marine mammals or other marine animals come from a few
general types of activities that occur on or beneath the ocean: transportation (surface vessels and aircraft),
recreation, dredging, construction, hydrocarbon and mineral exploration and extraction, seismic surveys,
sonars, explosions, and ocean acoustic studies. Surface vessels are a major contributor to ocean ambient
noise, especially at frequencies between 5 and 500 Hz (Richardson et al. 1995a; NRC 2003a; Bradley and
Stern 2008).

3.1.2 Factors Affecting Sound Propagation in the Marine Environment

3.1.2.1 Geology, Bottom Topography, and Bottom Substrates

The topography and physical properties of the ocean bottom have a significant influence on the
propagation of sound, particularly in shallow water. Sound penetrates sediments easily, particularly at low
frequencies and steep angles of incidence (Clay and Medwin 1977; Hamilton 1980). Sound speed and
absorption within various sediment layers and underlying bedrock determine travel paths and
transmission loss within the sub-bottom, and possibly back into the water column. For example, a smooth,
relatively dense bottom (e.g., compacted sand or bedrock) or sub-bottom layers will result in greater
reflection of sound back into the water column; more absorptive sediments (e.g., mud) will result in
greater bottom loss (Clay and Medwin 1977; Hamilton 1980; Medwin 2005).

3-3



Programmatic EIS/OEIS
NSF-funded & USGS Marine Seismic Research Draft October 2010

3.1.2.2 Temperature and Salinity

The speed of sound in seawater depends on temperature, salinity, and pressure (depth). Vertical gradients
in sound speed result in refraction, and thus determine the paths followed by propagating sound. Near the
surface, variations in temperature with season and time of day (e.g., from solar heating and wind mixing)
produce large variations in sound speed. For example, if the wind has mixed the water to a constant
temperature near the surface, then the increase in speed with depth will result in upward refraction (see
Section 3.1.2.4). In a temperate or tropical thermocline, temperature and sound speed decrease with depth,
but below this, the temperature is constant and sound speed begins to increase again with depth (Pickard
and Emery 1990). The resulting sound speed minimum can result in refraction of sound toward the depth
at which the minimum occurs (see Section 3.1.2.3). In cold polar waters, the minimum sound speed is
usually at the surface, and below that the sound speed increases with depth (Pickard and Emery 1990;
Medwin 2005; Bradley and Stern 2008; International Association of Oil & Gas Producers [OGP] 2008).

3.1.2.3 Deep Water Propagation and Acoustic Ducting

As described in Section 3.1.2.2, where the vertical SSP features a mid-water minimum (from the
combined effects of temperature and pressure on sound speed), sound will tend to be refracted toward the
depth at which this minimum occurs. In deep water (>6,562 ft [2,000 m]), the deep sound channel allows
refracted sounds to travel long distances without losses from reflection at the bottom due to the upward-
refracting SSP below the deep sound channel. The depth of this channel is around 1,000 m at mid-
latitudes and at the surface at high latitudes (Pickard and Emery 1990; Medwin 2005; OGP 2008).

3.1.2.4 Shallow Water Propagation

In shallow water (less than 200 m), SSPs tend to be downward refracting or nearly constant with depth
(due to the combined effects of solar heating and wind mixing, as discussed above), resulting in repeated
bottom interaction. The intensity of this effect depends on surface temperature (higher near-surface
temperatures result in higher surface sound speeds and so greater downward refraction), and thus on
season. In well-mixed surface waters or cold polar waters, sound speed increases with depth (see Section
3.1.2.2), and sound will tend to be channeled in a surface duct formed by downward reflection from the
sea surface and upward refraction by the positive vertical sound speed gradient (Medwin 2005). Because
of the considerable spatial and/or temporal variation in water and bottom properties, as well as the
likelihood of multiple bottom reflections (particularly in downward-refracting situations), long-range
propagation in shallow water can be complicated and difficult to predict.

3.1.2.5 Winds and Waves

Similar to the effect of bottom topography, wave-related “roughness” of the ocean surface determines
how sound is reflected at or transmitted through the air-sea interface. As such, propagation may be
reduced when the sea surface is rougher (Weston and Ching 1989). As with bottom roughness, this effect
is frequency-dependent. In addition, near-surface wind mixing produces a more constant temperature
profile, tending to result in a mildly upward-refracting sound-speed profile, as discussed above.

3.1.2.6  Absorption

As sound waves propagate, they interact at a molecular level with the constituents of seawater through a
range of mechanisms, resulting in absorption of sound energy. This occurs even in completely particulate-
free waters, and is in addition to scattering that may occur from particulates such as zooplankton or
suspended sediments. The absorption of sound energy by water contributes to the transmission loss
linearly with range from the source and is given by an attenuation coefficient in units of dB/km. This
absorption is computed from empirical equations and increases with the square of frequency from
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thousandths of a dB/km at 100 Hz to a few tens of dB/km at 100 kHz (Francois and Garrison 19823, b;
Medwin 2005). Thus, low frequencies are preferentially favored for long-range propagation.

3.1.2.7 Shallow Source and Receiver Effects

Near the sea surface, the sound field includes reflections from the sea-air interface. These reflections, or
“ghosts”, create interference patterns (maxima and minima in the sound field) with sound traveling
directly from the source. In particular, if both the source and the receiver are very shallow, this “Lloyd’s
mirror interference” may result in the receiver recording a different value than would be expected from
spherical spreading from the source in the absence of the surface ghosts (Medwin 2005; OGP 2008).
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3.2 MARINE INVERTEBRATES

Marine invertebrates have considerable ecological and economic importance in the world’s oceans. They
provide the basis of the marine food web, along with phytoplankton (i.e., plant plankton), and support the
survival of other marine invertebrates and vertebrates. They also play important roles in nutrient
recycling. Marine invertebrate species number in the hundreds of thousands and exhibit considerable
variability in form and function. They range in size from microscopic free-swimming and suspended
animals known as zooplankton to macro-benthic animals, such as crabs and polychaetes, to enormous
giant squids that range up to 1,980 pounds (Ibs) (900 kg) in weight and 59 ft (18 m) in length. Various life
stages of marine invertebrates occur throughout the water column, as well as on and within the bottom
substrate. The distribution and abundance of marine invertebrates is closely tied with the biological
productivity of marine waters, which in turn influences the distribution and abundance of higher tropic
level species, such as fish, sea turtles, seabirds, and marine mammals.

Of relevance to marine seismic activities are those invertebrates potentially sensitive to low-frequency
seismic noise. Limited studies suggest that a few invertebrate groups are capable of detecting seismic
noise. Among invertebrates, only decapods (lobsters, crabs and shrimps, including prawns [e.g., Offutt
1970]), and mollusks (cephalopods such as octopuses, squids, cuttlefishes, and nautiluses [e.g.,
Budelmann and Williamson 1994]) are known to sense low-frequency sound.

No decapod crustaceans or cephalopod species of invertebrates are listed as vulnerable, threatened, or
endangered within the 13 analysis areas (Table 3.2-1) (NOAA Fisheries 2006a; Convention on
International Trade in Endangered Species [CITES] 2010; International Union for the Conservation of
Nature [IUCN] 2010). The white abalone is a non-cephalopod mollusk listed as endangered under the
ESA and is found in the S California DAA. U.S.-designated EFH for invertebrates occurs in three of the
analysis areas as indicated below (see Chapter 1 for regulations associated with EFH).

Table 3.2-1. Summary of the Status, Economic Importance, General Ecology, and General
Distribution and Movement of Decapod Crustaceans and Cephalopod Mollusks Potentially
Occurring within the Analysis Areas

Status®
ESA/MSA/ Economic General Ecology, Horizontal Distribution,

Species/Group IUCN/CITES | Importance® | Depth, Habitat, Prey® Migratory Movement®
DECAPOD CRUSTACEANS

Lobsters -[-1-1- M S, B, BII/BIE ICS, NS/10

Crabs -[EFH/-/- M S, B, BII/BIE ICS, NS/10

Shrimps -[-I-1- H S/1, D/P, BIE/PI ICS/OCS, 10
CEPHALOPOD MOLLUSCS

Octopuses -[-1-I- L S/1, B/D, BII/BIE ICS/OCS/BCS, 10

Squids -[EFH/-/- H S/I/D, P, BIE/PI/DF/PF ICS/OCS/BCS, HM

Cuttlefishes -[-1-1- L S, D/P, BIE ICS/OCS, 10

Nautiluses -[-1-1- L S, D/P, BIE/PI/DF OCS/BCS, 10

Notes: @ - = no species listed.
® Relative ratings of economic importance: H = high, M = medium, L = low; based on recent landings values in relevant
Large Marine Ecosystems and Food and Agriculture Organization (FAO) Areas.
© Typical water depth: S = shallow (< 100 m), | = intermediate (100-1,000 m), D = deep (>1,000 m);
Habitat Type: B = benthic, D = demersal, P = pelagic; Typical Prey: BIl = benthic invertebrate infauna,
BIE = benthic invertebrate epifauna, Pl = pelagic invertebrates, DF = demersal fish, PF = pelagic fish.
® Horizontal Distribution: ICS = inner continental shelf (<50 m), OCS = outer continental shelf (50-200 m),
BCS = beyond continental shelf (>200 m); Migratory Variability: NS = negligible shift, IO = slight inshore-offshore
movement, HM = highly migratory.
Sources: Barnes 1980; Sea Around Us Project (SAUP) 2010; U.S. Navy 2005; CephBase 2006; CITES 2010; IUCN 2010; NOAA
Fisheries 2010.
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In terms of commercial value worldwide, shrimps are the most economically important crustaceans,
followed by lobsters and crabs. Among cephalopods, squids are the most economically important,
followed by octopuses, cuttlefishes, and nautiluses.

This chapter provides an overview of the taxonomic characteristics of decapods and cephalopod mollusks
due to their sensitivity to low-frequency sounds. A summary of their economic importance with respect to
fisheries, general ecology, and typical distribution and migratory movements is provided in Table 3.2-1.
The review section is followed by a general summary of the known occurrence, abundance, and ecology
of these groups in the five DAASs and the eight QAAs.

3.2.1  Overview of Decapod Crustaceans and Cephalopod Mollusks
3.2.1.1 Decapods (Lobsters, Shrimp, and Crabs)

The order Decapoda includes the largest and some of the most highly specialized crustaceans. With over
8,500 species, Decapoda is the largest order of crustaceans, representing approximately one-third of the
known species of crustaceans. Most decapod crustaceans are marine, and they occur in all of the world’s
oceans. Benthic decapods including lobsters and ‘true’ crabs are adapted for crawling on the bottom
substrate. Both lobsters and crabs are found on all types of substrate over a range of water depths. Many
shrimps (including the peneaid shrimps better known as prawns) are also benthic, but some species are
better adapted to swimming and have a more pelagic lifestyle. Shrimps occur in both coastal and oceanic
waters. Although pelagic shrimps occur at all water depths, most are found in epipelagic (0-653 ft [0-200
m] depth) and mesopelagic waters (656-3,281 ft [200-1,000 m] depth). Pelagic shrimps typically exhibit
diel vertical migration, occurring near bottom during the day and migrating up in the water column at
night.Most decapods obtain their food by both predation and scavenging. Female decapods generally
brood their eggs attached to the underside of their abdomens. One exception to this are penaeid shrimp
(i.e., prawns; Penaeus spp.). Penaeids disperse their fertilized eggs into the water where development
occurs. Decapod larvae are typically planktonic.

3.2.1.2 Cephalopods (Squid, Octopus, Cuttlefish, and Nautilus)

Cephalopods occur in all of the world’s oceans and include over 780 known living species of octopus,
squid, cuttlefish, and nautilus. The largest marine invertebrates are cephalopods. Cephalopods have well-
developed senses and large brains and are generally considered the most intelligent of all invertebrates.
Adapted to a pelagic or demersal existence, these predators typically swim using a water jet produced by
expelling water from their body cavities. Nautiluses tend to be slower swimmers than octopuses, squids,
and cuttlefishes. Octopuses usually crawl in benthic habitat but still use jet propulsion to escape.
Fertilized eggs are typically encased and either deposited or shed into the seawater. Cephalopod eggs
generally develop directly into adults, although some cephalopod species do have pelagic larval/juvenile
stages.

3.2.1.3 Acoustic Capabilities

Most available information on acoustic abilities as they relate to marine invertebrates pertains to
crustaceans, specifically lobsters, crabs, and shrimps. Fewer acoustic-related studies have been conducted
on cephalopods, as summarized below.

Sound Production

Many invertebrates are capable of producing sound, including barnacles, amphipods, shrimp, crabs, and
lobsters (Au and Banks 1998; Tolstoganova 2002). Invertebrates typically produce sound by scraping or
rubbing various parts of their bodies, although they also produce sound in other ways. Sounds made by
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marine invertebrates are primarily associated with territorial behavior, mating, courtship, and aggression.
A summary of what is known about the function of sound production in decapod crustaceans is presented
below. Details on the characteristics of these sounds in terms of frequency range, source levels, etc. are
summarized in Table 3.2-2.

Table 3.2-2. Summary of Underwater Acoustic Capabilities of Decapod Crustaceans and
Cephalopod Mollusks

Sound Production Detection
Frequency Frequency Dominant Minimum
Range Source SPL Range Frequency Threshold SPL
Group (Hz) (dB re 1 pPa-m) (Hz) (Hz) (dB re 1 pPa)
Decapods
Lobsters (Homarus) 87-261%" 1850, 20-5,000”
Lobsters (Panulirus) | 3,300-66,000© 50.1-143.6, ©
Lobsters (Nephrops) 20-2007
Crabs 100-18,000
Shrimps 2,000-200,000® 166-1721ms) " 100-3,0007 1007 1059
Cephalopods
1-1009 N 12037
400-1,000
Octopuses 50-1500
50-283(“)”)
. 1-100%
Squids 400-1,500"
Cuttlefishes 20-9,000™ "

Notes: (?) = unspecified.

Sources: @Pye and Watson 111 2004; ®Henninger and Watson 2005; ©Latha et al. 2005; (d)ToIstO?anova 2002; ©Range
Provided is transformed from 183-189 (pea.pear), @S reported in Au and Banks (1998); DLovell et al. 2005a;
9packard et al. 1990; MKomak et al. 2005; VRawizza 1995; YGoodall et al. 1990; WHu et al. 2009; PKaifu et al.
2007; ™Kaifu et al. 2008.

Both male and female American lobsters produce a buzzing vibration with their carapace when grasped
(Pye and Watson I11 2004; Henninger and Watson 111 2005). Larger lobsters vibrate more consistently
than smaller lobsters, suggesting that sound production is involved with mating behavior. Sound
production by other species of lobsters has also been studied. Among deep-sea lobsters, sound intensity
was more variable at night than during the day, with the highest intensities occurring at the lowest

frequencies.

While feeding, king crabs produce pulsed sounds that appear to stimulate movement by other crabs
receiving the sounds, including approach behavior (Tolstoganova 2002). King crabs also appeared to
produce ‘discomfort’ sounds when environmental conditions were manipulated. These discomfort sounds
differ from the feeding sounds in terms of frequency range and pulse duration.

Snapping shrimp are among the major sources of biological sound in temperate and tropical shallow-
water areas (Au and Banks 1998). By rapidly closing one of its frontal chela (claws), a snapping shrimp
generates a loud click and produces a forward jet of water. Both the sound and the jet of water function as
weapons in the territorial behavior of alpheidae shrimp. Measured source SPLs for snapping shrimp
ranged from approximately 166-172 dB (rms) re 1 pPa-m (peak-to-peak = 183-189 dB), and extended
over a frequency range of 2-200 kHz (Table 3.2-2).

Sound Detection

There is considerable debate about the hearing capabilities of aquatic invertebrates. Whether they are able
to hear or not depends on how underwater sound and underwater hearing are defined. In contrast to fish
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and aquatic mammals, no physical structures have been discovered in aquatic invertebrates (except
aquatic insects) that are stimulated by the pressure component of sound. However, vibrations (i.e.,
mechanical disturbances of the water) characterize sound waves as well. Rather than being pressure-
sensitive, invertebrates appear to be most sensitive to the vibrational component of sound or particle
motion (Breithaupt 2002). Particle motion is a measure of the back and forth motion of particles within a
medium (e.g., water) relative to their static positions. Localized motion within a medium caused by the
energy from a sound wave is called ‘acoustic particle velocity’. When an aquatic animal is ensonified, the
sound energy creates forces and motions inside the animal’s body just as it does in a fluid medium. The
role of particle motion in underwater sound is rapidly becoming a high-profile issue with respect to
potential effects on aquatic invertebrates. Units for particle velocity are typically nanometers per second.
Particle motion can also be expressed as particle displacement in nanometers and particle acceleration in
nanometers per second squared (Hastings and Popper 2005; Hawkins 2006; Popper et al. 2006). Sensory
organs called statocysts may provide one means of vibration detection for aquatic invertebrates (Popper
and Fay 1999).

More is known about the acoustic detection capabilities of decapod crustaceans than any other marine
invertebrate group. Crustaceans appear to be most sensitive to sounds of low frequencies (i.e., <1,000 Hz)
(Table 3.2-3) (Budelmann 1992; Popper et al. 2001). A study by Lovell et al. (2005a) showed that one
species of shrimp was sensitive to frequencies as low as 100 Hz (Table 3.2-2). Studies on American
lobster suggest that some marine invertebrates are more sensitive to higher frequency sounds than
previously thought (Pye and Watson 111 2004).

It is likely that cephalopods also use statocysts to detect low-frequency aquatic vibrations (Budelmann
and Williamson 1994; Budelmann 1996; Kaifu et al. 2008). Studies by Packard et al. (1990), Rawizza
(1995), Komak et al. (2005), Kaifu et al. (2007), and Hu et al. (2009) have quantified some of the
optimally detected sound frequencies for various octopus, squid, and cuttlefish species (Table 3.2-2).

3.2.2 Affected Environment: Detailed Analysis Areas (DAAS)

This section summarizes the known region-specific use and unique habitat features for the decapod
crustacean and cephalopod mollusk groups potentially occurring within the five DAAs (refer to Figure
2-18). The economic and cultural importance of these two groups of marine invertebrates, including
fisheries, are also presented. Discussion is limited to those species or species groups that possibly occur
within each DAA during the period when the exemplary marine seismic surveys might be conducted
(Table 3.2-3).

3.2.2.1 NW Atlantic

The NW Atlantic DAA occurs within the Northeast U.S. Continental Shelf Large Marine Ecosystem
(LME) (refer to Figure 2-23) (Sea Around Us Project [SAUP] 2010). Various crustacean, 17 squid, and 6
octopus species are listed as occurring in the Northeast U.S. Continental Shelf LME (CephBase 2006)
(Table 3.2-3). EFH occurs in or proximate to the NW Atlantic Analysis Area and pertains to the following
species and life stages: red deepsea crab (eggs, larvae, juveniles, adults, spawning adults); longfin squid
(juveniles, adults); and northern shortfin squid (juveniles, adults) (U.S. Navy 2005).
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Table 3.2-3. Potential Occurrence of Decapod Crustaceans and Cephalopod Mollusks within the
DAAs during the Period of Exemplary Seismic Surveys

W Gulf of Galapagos
NW Atlantic Caribbean S Calif. Alaska Ridge
Group (Sum)*@° | (Spr or Sum)*®© | (Late Spr or Early Sum)*®® | (Sum)*® %9 | (Win)*®9
Decapods
Lobsters BFEa BFEa BFEa - -
Crabs BFEa BFa BFEa BFEa BFc
Shrimps BFEa BFEa BFEa BFEa BFEa
Cephalopods
Octopuses BFu BFc BFc BFu BFc
Squids BFEa BFa BFEa BFc BFc
Cuttlefishes - - - - -
Nautiluses - - - - -

Notes: *(Season) = Northern hemisphere season during which the exemplary seismic cruise would occur within the analysis area;
Spr = spring, Sum = summer, Win = winter. B = breeds within the area; E = economically important fishery within the
area; F = feeds within the area; M = migrates through the area but unlikely to breed. a = abundant: the species group is
expected to be encountered during a single visit to the area and the number of individuals encountered during an average
visit may be as many as hundreds or more; ¢ = common: the species group is expected to be encountered once or more
during 2-3 visits to the area and the number of individuals encountered during an average visit is unlikely to be more than
a few 10s; u = uncommon: the species group is expected to be encountered at most a few times a year assuming many
visits to the area; - = species group does not occur there.

Sources: @U.S. Navy 2005; ®CephBase 2006; ©»SAUP 2010; L-DEO and NSF 2004.

Important decapods and cephalopods harvested recently during commercial fisheries in the NW Atlantic
Analysis Area include lobsters, crabs, shrimps, and squids (Table 3.2-3). These include the following six
species: American lobster, blue crab, red deepsea crab, northern shrimp, longfin squid, and northern
shortfin squid. Fisheries for five of these six invertebrate species may occur in the NW Atlantic DAA
during the summer months. Only the northern shrimp is typically fished outside of the season for the
exemplary seismic survey (U.S. Navy 2005; SAUP 2010).

Of relevance for EFH is the timing of reproductive events relative to the summer timing of the exemplary
seismic research survey identified for the NW Atlantic DAA. Blue crabs typically spawn during the late
spring to early fall months. American lobsters generally begin spawning as early as late spring but have
completed spawning by mid-to-late summer. The fertilized eggs are carried by the female at the sea
bottom and the larvae subsequently move up into surface waters. Red deepsea crabs spawn primarily on
the upper slope (656 to 1,312 ft [200 to 400 m]) of the continental shelf. Summer spawning by this crab
species is followed by larval hatch during January to June, with peak hatch between April and June. As is
the case with most lobsters and crabs, the fertilized eggs are carried by the female at the substrate and the
larvae move up into the surface waters after hatching. Longfin squid typically spawn between April and
November, peaking in May. Demersal egg masses are attached to hard substrate features. Peak hatching
time for longfin squid is around July; the resultant pelagic larvae/juveniles occur near the water surface.
Northern shortfin squid are thought to spawn in August and September. Their primary spawning location
is likely south of the survey area near Cape Hatteras, North Carolina. Both the eggs and larvae/juveniles
of the northern shortfin squid are believed to be pelagic. Northern shrimp typically spawn during the late
summer months in offshore waters. The fertilized eggs are carried by the females until hatching occurs
the following winter/early spring in inshore waters (U.S. Navy 2005).

3.2.2.2 Caribbean

The Caribbean DAA occurs within the Caribbean Sea LME, primarily on the shelf region north of
Venezuela (refer to Figure 2-22). A number of commercially important decapod species as well as 21
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squid and 17 octopus species are listed as occurring in this LME (CephBase 2006) (Table 3.2-3).
According to commercial fisheries records, the most important crustaceans landed in the Caribbean Sea
LME include lobsters and penaeid shrimps/prawns, particularly the Caribbean spiny lobster (Table 3.2-3)
(SAUP 2010). Spiny lobsters tend to occur in relatively shallow waters, while the shrimp fishery off
Venezuela is conducted by midwater fleets (i.e., on the continental shelf). These two fisheries could
spatially and temporally overlap a seismic survey such as the exemplary Caribbean survey where water
depths are < 328 ft (100 m) deep.

The exemplary spring-summer seismic survey overlaps with the reproductive events of some
invertebrates in the Caribbean. Spiny lobsters typically spawn during the late spring to early summer
period. The fertilized eggs are carried by the female at the sea bottom until larval hatch, at which time the
larvae become pelagic. Spiny lobster larvae exhibit diel vertical migration, moving higher in the water
column during the night. Prawn spawning is typically timed so that the larval hatch coincides with peak
phytoplankton blooms. Prawn nursery areas are most often located nearshore where water temperatures
are highest and food sources are common. It is likely that both spiny lobster and penaeid shrimp
reproduce inshore of the Caribbean DAA.

3.2.2.3 S California

The S California DAA occurs within the California Current LME (refer to Figure 2-20) (SAUP 2010).
Numerous crab and shrimp species and at least 18 squid and 13 octopus species likely occur in the
California Current LME (CephBase 2006). Penaeid shrimps are the single most important invertebrate
species landed during recent commercial fisheries within this LME (SAUP 2010) (Table 3.2-3). Other
crustacean and cephalopod species that are harvested include spiny lobsters, Dungeness crab, and
California market squid. Shrimp harvesting in the analysis area occurs between April and October.
Shrimps along the California coast typically occur in waters 230-755 ft (70-230 m) deep. They tend to
exhibit diel vertical migration, moving into the upper water column at night. The commercial invertebrate
fishery occurs after the timing suggested for the exemplary seismic operation off S California. The spiny
lobster fishing season typically occurs between mid-fall and late winter (October-March), peaking from
early October to early January. The Dungeness crab commercial fishery in the analysis area typically
occurs between mid-November and late-June. California market squid are typically harvested between
late October and the following spring.

With respect to timing of the exemplary late spring or early summer seismic survey, the shrimp breeding
season occurs in September and October, followed by hatching in late March/early April. California spiny
lobsters spawn during spring and summer and then move slightly offshore in the fall to mate. The
fertilized eggs are carried by the female lobsters until hatching occurs in the spring and summer. Larvae
are pelagic and remain in the water column for 18 months before settling to the bottom. Adult spiny
lobsters may occur in water depths as great as 246 ft (75 m) deep. Dungeness crabs mate in nearshore
coastal locations between March and July. Larval hatch occurs approximately 3 months after the eggs are
fertilized (i.e., June-October). The larvae of this crab species are planktonic. California market squid tend
to spawn in semi-protected bays between October and April.

3.2.2.4 W Gulf of Alaska

The W Gulf of Alaska DAA occurs within the East Bering Sea LME (refer to Figure 2-19) (SAUP 2010).
Various shrimp and crab, 17 squid, and 1 octopus species, and EFH occur in this LME (CephBase 2006)
(Table 3.2-3). The most valuable invertebrate species landed during recent commercial fisheries
conducted in the East Bering Sea LME are northern shrimps (SAUP 2010). Other important commercial
crustacean species include king crabs and tanner crabs. It is unlikely that any crab fishing would be
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conducted in the analysis area during the time of year when a seismic survey would be conducted. Crab
species are typically targeted in the fall-winter months (L-DEO and NSF 2004d).

Six crab species have EFH in the W Gulf of Alaska Analysis Area: golden king crab, red king crab, and
scarlet king crab and grooved tanner crab, triangle tanner crab, and tanner crab (L-DEO and NSF 2004d).
Crab life stages associated with the EFH within the analysis area are as follows: golden king crab (eggs,
late juveniles and adults); red king crab (eggs, larvae, late juveniles and adults); scarlet king crab (eggs
and adults); grooved tanner crab (eggs and adults); triangle tanner crab (adults); and tanner crab (eggs,
late juveniles and adults). Relative to the summer period when the exemplary seismic survey would be
conducted in the W Gulf of Alaska, king and tanner crabs typically mate in winter/early spring months;
larval hatch generally occurs during late spring/summer months, coinciding with plankton blooms and
ensuring optimal food supply for the larvae.

3.2.25 Galapagos Ridge

The Galapagos Ridge DAA occurs in pelagic open seas within the SE Pacific Food and Agriculture
Organization of the United Nations (FAO) Area (refer to Figure 2-21) (SAUP 2010). It is likely that
lobsters, crabs and shrimps as well as 36 squid and 13 octopus species occur in the SE Pacific FAO Area
(CephBase 2006). However, pelagic species spawn closer to shore, which is outside of the analysis area,
and benthic species are a considerable distance from the water surface (i.e., > 3,280 ft [1,000 m] depth).
Characteristics of spawning by decapods and cephalopods in the analysis area are unknown.

Since commercial fisheries for either crustaceans or cephalopods are conducted closer to shore, it is
unlikely that significant invertebrate fisheries occur in this DAA. The most valuable decapod and
cephalopod landed recently during commercial fisheries in the general SE Pacific FAO Area near shore
include jumbo flying squid and marine crabs. Other decapods and cephalopods historically landed in the
general SE Pacific FAO Area include squat lobsters, common squids, Chilean nylon shrimp, octopuses,
and softshell red crab (SAUP 2010).

3.2.3 Affected Environment: Qualitative Analysis Areas (QAAS)

This section summarizes the known region-specific use and unique habitat features for the decapod
crustacean and cephalopod mollusk groups potentially occurring within the eight QAAs. The economic
and cultural importance of these two groups of marine invertebrates, including fisheries, are also
presented. Discussion is limited to those species or species groups that possibly occur within each QAA
during the period when the exemplary marine seismic surveys might be conducted (Table 3.2-4).

3.2.3.1 N Atlantic/lceland

The N Atlantic/lceland QAA occurs within the Iceland Shelf LME (refer to Figure 2-17). Various
crustaceans and 36 squid and 13 octopus species are listed as occurring in this LME (CephBase 2006;
SAUP 2010). The most notable decapod landed during the recent commercial fisheries within the Iceland
Shelf LME is the northern shrimp. The Norway lobster and the European lobster also occur in this LME
(SAUP 2010).

3.2.3.2 BC Coast

The BC Coast QAA occurs within the southern part of the Gulf of Alaska LME (refer to Figure 2-17)
(SAUP 2010). Various crustacean and 17 squid species occur in Canada’s Pacific coastal waters and most
of these are common in nearshore and inshore waters throughout their ranges (Table 3.2-4). Seven species
of octopus are known to occur in the Gulf of Alaska LME (CephBase 2006). The northern giant Pacific
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octopus is one octopus species that is distributed along the rocky areas of the Pacific coast from the
intertidal zone to depths of > 330 ft (100 m) (L-DEO and NSF 2006a).

The most valuable decapods and cephalopods landed during recent commercial fisheries in the QAA
include Dungeness crab, shrimps, penaeid shrimps, opal squid, and krill (L-DEO and NSF 2006a). A
modest fishery also occurs on octopuses. Dungeness crab and shrimp are important recreational and First
Nations fisheries within the BC Coast QAA. First Nations subsistence fisheries along the BC Coast have
significant food, social, and ceremonial value in addition to their commercial value. Many First Nations
participate in the general commercial fisheries and also rely heavily on their traditional fisheries for these
same species.

3.2.3.3 SW Atlantic

The SW Atlantic QAA occurs within the North Brazil Shelf LME (refer to Figure 2-17) (SAUP 2010).
Various crustaceans and 30 squid and 13 octopus species are listed as occurring in the North Brazil Shelf
LME (CephBase 2006). The most notable decapod crustaceans historically landed during commercial
fisheries within the North Brazil Shelf LME are lobsters and shrimps (SAUP 2010) (Table 3.2-4). They
include Caribbean spiny lobster, penaeid shrimps, various crabs, and Dana’s swimming crab.

3.2.3.4 Mid-Atlantic Ridge

The Mid-Atlantic Ridge QAA occurs proximate to the border shared by the W Central Atlantic and the E
Central Atlantic FAO Areas (refer to Figure 2-17) (SAUP 2010). While there are some invertebrate data
associated with both of these FAO areas, both include nearshore areas (i.e., eastern North America and
western Africa), and it is not possible to accurately extract data relevant to the pelagic conditions of the
Mid-Atlantic Ridge QAA. It is likely that crabs and shrimps occur in the analysis area. In terms of
cephalopods, 6 octopus, 20 squid, and 1 cuttlefish species occur in both the E and W Central Atlantic
FAO Areas (CephBase 2006) (Table 3.2-4). Given its mid-ocean location, it is unlikely that any
significant invertebrate fishery occurs in this analysis area.

3.2.3.5 W Australia

The W Australia QAA occurs within both the NW Australian Shelf and W Central Australian Shelf LMEs
(refer to Figure 2-17) (SAUP 2010). Various decapod crustacean species and nine squid, six octopus, and
five cuttlefish species are listed as occurring in these two LMEs (CephBase 2006) (Table 3.2-4). The most
notable decapods and cephalopods historically landed during commercial fisheries within the two LMEs
are lobsters, crabs, penaeid shrimps, octopuses, squids, and cuttlefishes (SAUP 2010). They include the
Australian spiny lobster, blue swimming crab, other crabs, penaeid shrimps, octopuses, common squid,
and other squids, and cuttlefishes.

3.2.3.6 W India

The W India QAA occurs within the Arabian Sea LME (refer to Figure 2-17) (SAUP 2010). Various
decapod species and 17 squid, 13 octopus, and 11 cuttlefish species are listed as occurring in this LME
(CephBase 2006). The most valuable decapods and cephalopods historically landed during commercial
fisheries within the Arabian Sea LME are shrimps, penaeid shrimps, and cuttlefishes (SAUP 2010) (Table
3.2-4).
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Table 3.2-4. Potential Occurrence of Decapod Crustaceans and Cephalopod Mollusks within the Qualitative Analysis Areas
during the Period of Exemplary Seismic Surveys

Mid-Atlantic W India
N Atlantic/ BC SW Ridge (Late Spr, Sub-
Iceland Coast Atlantic (Spr, Sum, W Australia Sum, or Marianas Antarctic
Group (Sum)* @ | (Fally*®9 | (Any)*@® | or Fall)*®® | (Spror Fall)**® | Early Fall)*®" | (Spr)* ®" | (winy* ®"
Decapods
Lobsters BFc - BFEa - BFEa BFd BFd BFEa
Crabs BFc BFEa BFEa BFd BFEa BFc BFEa BFEa
Shrimps BFEa BFEa BFEa BFd BFEa BFEa BFEa BFc
Cephalopods
Octopuses BFu BFEa BF u BF d BFEcC BFEcC BF c BFc
Squids BFMc BFEMa BFMc BFMd BFEMc BFEMc BFEMa | BFEMa
Cuttlefishes - - - BFd BFEC BFEa BFEa BFc
Nautiluses - - - - - - BFc -

Notes: *(Season) = Northern hemisphere season during which the exemplary seismic cruise would occur within the analysis area; Spr = spring, Sum = summer,
Win = winter (N hemisphere winter is S hemisphere summer).
B = breeds within the area; E = economically important fishery within the area; F = feeds within the area; M = migrates through the area but unlikely to
breed there. a = Abundant: the species group is expected to be encountered during a single visit to the area and the number of individuals encountered
during an average visit may be as many as hundreds or more; ¢ = common: the species group is expected to be encountered once or more during 2-3
visits to the area and the number of individuals encountered during an average visit is unlikely to be more than a few 10s; u = uncommon: the species
group is expected to be encountered at most a few times a year assuming many visits to the area; d = degree of occurrence not known: the species group
occurs but degree of occurrence not known; - = species group does not occur there; ? = not known whether species group occurs or not
Sources: @SAUP 2010; PCephBase 2006; © L-DEO and NSF 2006a.
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3.2.3.7 Marianas

The Marianas QAA occurs within the W Central Pacific FAO Area (refer to Figure 2-17) (SAUP 2010).
Various decapod crustaceans and 44 squid, 13 octopus, 18 cuttlefish, and 3 nautilus species are listed as
occurring in this FAO Area (CephBase 2006). The most notable decapods and cephalopods historically
landed during the commercial fisheries within the W Central Pacific FAO Area are peneaid shrimps, blue
swimming crab, common squids, other squids, and cuttlefishes (SAUP 2010).

3.2.3.8 Sub-Antarctic

The Sub-Antarctic QAA occurs within the SW Pacific FAO Area (refer to Figure 2-17) (SAUP 2010).
Various species of decapods and 35 squid, 10 octopus, and 4 cuttlefish species are listed as occurring in
this FAO Area (CB 2006). The most notable decapods and cephalopods historically landed during
commercial fisheries within the SW Pacific FAO Area are red rock lobster, various crabs, Wellington
flying squid, and other squids (SAUP 2010).

3.24 Environmental Consequences — General

The existing body of published and unpublished scientific literature on the impacts of seismic survey
sound on marine invertebrates is limited, and there are no known systematic studies of the effects of sonar
sound on invertebrates. Furthermore, it has not been specifically documented that invertebrates are
capable of detecting the acoustic sources proposed for use in NSF’s and USGS’s marine seismic research,
although limited data suggests this may be possible. The available information involves studies of
individuals of only a few species and/or developmental stages; there have been no studies at the
population scale. The most important aspect of potential impacts concerns how exposure to seismic
survey sound ultimately affects invertebrate populations and their viability, including availability to
fisheries and to species that prey on marine invertebrates. There are currently no data indicating that the
types of activities proposed under marine seismic research funded by NSF or conducted by USGS would
result in any population-level effects, and no such effects are expected. Extrapolation from a few studies
suggests that an insignificant number of some species or developmental stages of individual invertebrates
could theoretically sustain injurious effects within very close range (several meters) of an operating
source; however, numbers potentially impacted would not exceed numbers experiencing injury under
natural conditions. The following sections provide a synopsis of available information on the effects of
seismic survey sounds, MBES, and SBP on decapod crustacean and cephalopod species. These are the
two taxonomic groups of invertebrates on which most acoustic studies have been conducted. A more
detailed review of the literature on the effects of underwater anthropogenic sound on invertebrates is
provided in Appendix D.

There are three types of potential effects on marine invertebrates with exposure to seismic surveys:
pathological, physiological, and behavioral. Pathological effects involve lethal and temporary or
permanent sub-lethal injury. Physiological effects involve temporary and permanent primary and
secondary stress responses, such as changes in levels of enzymes and proteins. Behavioral effects refer to
temporary and (if it occurs) permanent changes in exhibited behavior (e.g., startle and avoidance
behavior). The three categories are interrelated in complex ways. For example, it is possible that certain
physiological and behavioral changes could potentially lead to an ultimate pathological effect on
individuals (i.e., mortality). Based on what is known about the physical structure of their sensory organs,
marine invertebrates appear to be specialized to respond to particle displacement components of an
impinging sound field rather than the pressure component (Popper et al. 2001; also see review in Section
3.2.1.3). The amplitude of particle velocity is proportional to the associated pressure.
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Pathological Effects. Very few specific data are available on levels of seismic signals that may result in
pathological effects on invertebrates and such studies are limited to a small number of invertebrate
species and life stages (reviewed in Appendix D). Some studies indicate no documented effects of
exposure to seismic while others indicate limited pathological effects at close range on some species and
developmental stages (see Section 3.2.4.3 below). For the types and source levels of seismic airguns and
arrays proposed, the pathological (mortality) zone for some species or developmental stages of
crustaceans and cephalopods is expected to be within a few meters of the seismic source. This premise is
based on the peak pressure and rise/decay time characteristics of seismic airgun arrays currently in use.
However, the number of individual invertebrates potentially affected in this manner are expected to be
insignificant compared to overall population sizes and pathological effects that occur under natural
conditions (e.g., predation, environmental, etc.).

Some studies have suggested that seismic survey sound has a limited pathological impact on early
developmental stages of crustaceans (Pearson et al. 1994; Christian et al. 2003; DFOC 2004b; Payne et al.
2007; Boudreau et al. 2009). Controlled field experiments on adult crustaceans (Christian et al. 2003,
2004; DFOC 2004b) and adult cephalopods (McCauley et al. 2000a, b) exposed to seismic survey sound
have not resulted in any significant pathological impacts on the animals. It has been suggested that
exposure to commercial seismic survey activities has injured giant squid (Guerra et al. 2004), but there is
no scientific evidence to support such claims.

Physiological Effects. Physiological effects refer mainly to biochemical responses by marine invertebrates
to acoustic stress. Such stress could potentially affect invertebrate populations by increasing mortality or
reducing reproductive success. Any primary and secondary stress responses (i.e., changes in levels of
enzymes, proteins, etc. in the haemolymph or circulatory system) of crustaceans after exposure to seismic
survey sounds appear to be temporary (hours to days) in studies done to date (Payne et al. 2007). The
periods necessary for these biochemical changes to return to normal are variable and depend on numerous
aspects of the biology of the species and of the sound stimulus. Payne et al. (2007) noted more deposits of
material, possibly glycogen, in the hepatopancreas of some of the exposed American lobsters during
histological analysis conducted 4 months post-exposure. Accumulation of glycogen could be due to stress
or disturbance of cellular processes.

Behavioral Effects. Direct and indirect effects of seismic and other sounds on invertebrate behavior,
particularly in relation to the consequences for fisheries are also important. Changes in behavior could
potentially affect reproductive success, distribution, susceptibility to predation, and catchability by
fisheries. Studies investigating the possible behavioral effects of exposure to seismic survey sound in
crustaceans and cephalopods have been conducted on both uncaged and caged animals. In some cases,
invertebrates exhibited startle responses (e.g., squid in McCauley et al. 2000a, b) and changes in
respiratory activity (e.g., octopus in Kaifu et al. 2007). In other cases, no behavioral impacts were noted
(e.g., snow crab in Christian et al. 2003; DFOC 2004b). Increased food consumption by lobsters exposed
to airgun noise was noted by Payne et al. (2007). Price (2007) observed that blue mussels closed their
valves upon exposure to 10 kHz pure tone continuous sound.

There have been anecdotal reports of reduced catch rates of shrimp shortly after exposure to seismic
survey sound; however, other studies have not observed significant changes in shrimp catch rate
(Andriguetto-Filho et al. 2005). Analysis of data related to rock lobster commercial catches and seismic
surveying in Australia between 1978 and 2004 did not suggest any significant effect on lobster catches
(Parry and Gason 2006). Any adverse effects on crustacean and cephalopod behavior or fisheries due to
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seismic survey sound are likely specific to the species in question and the nature of its fishery (season,
duration, fishing method).

3.2.4.1 Criteria

It is theoretically possible that the seismic and sonar sounds associated with the proposed action may
adversely affect invertebrates. However, there is insufficient knowledge to establish objective criteria for
determining the potential for and the level at which adverse effects on invertebrates and related fisheries
may occur. Generally, adverse effects on a particular invertebrate species can be considered significant if
they result in a reduction in the overall health and viability of a population or significantly impact
fisheries targeting that population. These are the general criteria used to determine significance of effect
in this assessment. However, on the ocean-basin or regional scale, determining whether or not there is a
reduction in the overall health (or abundance) of an invertebrate population is problematic and is typically
confounded by a number of factors which include the general lack of pre-impact information, the
multitude of environmental or non-project related factors influencing marine invertebrate populations, and
often the large or unknown extent of the habitat in which the invertebrates reside relative to the impact
area.

3.2.4.2 Sound Sources and Characteristics

It is theoretically possible that individual invertebrates within several meters of a sound source operating
at high levels could potentially be harmed by the energy of the sound. The airguns and airgun arrays,
MBES, SBP, and/or ship hull and engine sounds produced by project activities overlap the known sound
detection or sound production range of some invertebrates but do not overlap that of other invertebrate
species. However, it is theoretically possible that the energy of sound outside of detection and production
ranges might also be harmful to the animals. The sound characteristics of each of the project sound
sources are described below relative to the minimal information known on sound detection and sound
production of invertebrates (also see Table 3.2-2).

The airguns and airgun arrays have dominant frequency components of 2-188 Hz (Table 2-3) and zero-to-
peak nominal source outputs ranging from 240-265 dB re 1 pPa-m. This frequency range overlaps with
the frequencies detectable by one crustacean species (prawn) for which frequency sensitivity has been
studied (Lovell et al. 2005a) (Table 3.2-2). However, that study was conducted with a sound source in air
and not underwater; thus, the applicability to the underwater environment is unknown. Overall, the full
degree of overlap between the dominant frequencies in airgun sounds and the frequencies detectable by
invertebrates is unknown.

The Kongsberg EM122 MBES proposed for use on the R/V Langseth operates at 10.5-13 (usually 12)
kHz. Other types of MBES used for deep-water operations aboard other research vessels associated with
the proposed action operate at similar or higher frequencies (see Table 2-5). These frequencies are above
the frequency ranges known to be detectable by some crustaceans and cephalopods (Table 3.2-2). The
frequencies of sounds produced by certain crustaceans do overlap with the sonar frequencies. However,
the functionality of these relatively high-frequency crustacean sounds remains unknown.

The SBP operates at 2-5 kHz. This is within the known detection range of some invertebrate species
(Table 3.2-2). The SBP has a maximum source output of 204 dB re 1 uPa-m, which is well above the
detection thresholds of some marine invertebrates (Table 3.2-2), indicating that those invertebrates could
detect the SBP if close enough to the source.

Ship engines, propulsion systems, and the vessel hull itself also emit sounds into the marine environment
with frequencies that overlap with the frequencies and thresholds associated with marine invertebrate
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sound detection. However, virtually nothing is known about the possible effects of vessel noise on
invertebrates. The source level of vessel noise would be considerably less than source levels of the pulsed
sound sources associated with the seismic research activities (see Chapter 2). Further, vessel sounds
would be at levels expected to cause only possible localized, short-term behavioral changes. Thus,
potential effects of vessel noise on invertebrates are not further discussed in detail.

3.2.4.3 Acoustic Effects

Table 3.2-5 summarizes the known general effects or lack thereof of seismic and other project-related
sound on crustaceans, cephalopods, and associated fisheries based on the small number of available
studies. For most of these invertebrates, airguns represent the project sound source most likely to affect
invertebrates. Other project sound sources (i.e., MBES, SBP, pingers, and ship) are considered to have
considerably less potential to interfere with sound production or detection by crustaceans and
cephalopods. This assessment is based on the narrow beams and intermittent nature of the MBES and
SBP, and the frequency range and/or source level relative to what is known regarding the sensitivity of
invertebrates to these aspects (see Section 3.2.4.2 and Chapter 2).

Table 3.2-5. Summary of Known or Suggested Effects of Seismic Survey Sound on Marine
Invertebrates (Crustaceans and Cephalopods) and Associated Fisheries*

Sound
Groups of Pathological Physiological Behavioral Detection Fishery
Concern** Effects Effects Effects Impairment Effects
e Evidence of sub- o Evidence of effects on | e Evidence of Unknown — | e No evidence
lethal effects on snow adult lobster (e.g., temporary no relevant of effects on
crab embryos and decreased levels of disturbance effects on | data available. snow crab
larvae (e.g., delayed enzymes and calcium adult shrimp (e.g., and shrimp.
but normal ions in haemolymph, avoidance) and adult
development); accumulation of lobster (e.g.,
Crustaceans su_pportive data are glycogen in _ decrea_sed feeding).
minimal. hepatopancreas tissue, | e No evidence of
¢ No evidence of and increased disturbance effects on
effects on adult snow feeding). adult snow crab
crabs, adult lobster, or |  No evidence of effects | e Masking effects
adult shrimp; on adult snow crab. unknown.
supportive data are
minimal.
¢ No evidence of ¢ No evidence of effects | o Evidence of Unknown — | Unknown — no
effects on squid. on squid and disturbance effects on no relevant relevant data
cuttlefish. adult squid and data available. available.
cuttlefish (e.g.,
startle, alarm, and
Cephalopods avoidance).
o Evidence of
respiratory
suppression by
octopus.

Notes: See Appendix D for detailed literature review of the potential effects of exposure to sound on crustaceans and cephalopods, including
available details of exposure.
*Effects of sonar sounds are not included because there are no known systematic studies of the effects of sonar sound on invertebrates.
**No invertebrate species that may occur in any of the 13 Analysis Areas are listed under the ESA; however, EFH occurs in the NW

Atlantic and W Gulf of Alaska DAAs—see Table 3.2-6.

In general, effects of sound on invertebrates are considered unknown or are based on only a small number
of studies on a few species and developmental stages. Known effects are limited primarily to short-term,
(i.e., lasting minutes to hours) non-lethal effects. The possible exception is that a relatively small number
of invertebrates inhabiting near-surface waters and occurring within several meters of an active, high-
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energy sound source could be lethally affected or physiologically impaired or injured. Notwithstanding
that exception, for many crustacean and cephalopod species throughout the world, the greatest potential
for acoustic impacts from NSF’s or USGS’s marine seismic research activities involve masking, changes
in behavior (e.g., disturbance), and impacts on fisheries. Each of these is described briefly below. A more
detailed review of these effects is presented in Appendix D. In general, none of these effects would be
expected to exceed what already occurs under normal, natural environmental conditions.

Masking

Masking is defined as interference with the detection of a signal of biological relevance by another signal.
Although not demonstrated in the literature, masking can be considered a potential effect of
anthropogenic underwater sound on marine invertebrates. Some invertebrates are known to produce
sounds (Au and Banks 1998; Tolstoganova 2002; Latha et al. 2005). The functionality and biological
relevance of these sounds are not understood (Jeffs et al. 2003, 2005; Lovell et al. 2005a; Radford et al.
2007). Masking of produced sounds and received sounds (e.g., conspecifics and predators), at least the
particle displacement component, could potentially have adverse effects on marine invertebrates.

It has not been specifically documented that invertebrates are capable of detecting the acoustic sources
proposed for use in NSF-funded or USGS marine seismic research. Furthermore, masking is extremely
unlikely due to the low duty-cycle of the sources as well as the short duration of the moving seismic
vessel at a given location. Airgun, MBES, SBP, and pinger sounds are intermittent with low duty cycle,
and thus would not mask other sounds for more than a small percentage of the time. Masking due to
acoustics sources is not expected to impact invertebrate species at the population level.

Disturbance

For the purposes of this analysis, disturbance to crustacean and cephalopod species from acoustic sources
refers to any change in behavior that would not occur in the absence of the acoustic source. Of primary
importance is any change in behavior that increases mortality, results in reduced reproductive success, or
has substantial effects on commercial species.

Airguns and airgun arrays could potentially disturb a proportionally small number of certain invertebrates
within close range of the airgun sources (see Section 3.2.4 and Appendix D). To be significant, such
behavioral changes would need to result in an overall reduction in the health, abundance, or catchability
of a species of concern. Thus, adverse effects to individuals are not considered significant unless a
significant portion of the population is affected. In general, the temporal and spatial scale of disturbance
effects on invertebrates would likely be short-term and limited to the localized area immediately
surrounding an active airgun. Further, effects would be limited to the relatively small portion of the local
invertebrate populations that would be closely approached by the active acoustic source as it moves along
the survey lines. Associated potential disturbance, if detectable above the normal background
environmental changes, would be insignificant given the small spatial and temporal scales, transience of
the proposed activities, and results of available studies summarized in Appendix D. None of the proposed
activities are expected to result in adverse effects at the population level.

The potential disturbance effects of the MBESs, SBPs, and pingers on the few invertebrate species that
may detect sound within the relevant frequency ranges are unknown. However, for reasons described
above, such effects would be insignificant given the even smaller area exposed by the narrow beams of
these acoustic sources compared to that of the airguns.
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Detection Impairment

There is no scientific evidence that exposure to airgun or sonar sounds can result in temporary impairment
of the abilities of marine invertebrates to detect sound. However, the received particle velocity level
required to induce temporary detection impairment in marine invertebrates has never been studied. If any
such effects did occur as a result of proposed activities, they are expected to be limited to areas very near
the active acoustic source(s) and would not result in any significant effects at the population level given
the small spatial and temporal scales of the proposed activities.

Injury

As described in Section 3.2.4, the acoustic sounds produced by the airguns and airgun arrays could cause
acute injury and perhaps mortality of an insignificant number of some crustacean and mollusk species,
particularly larval and egg stages if they were in extreme proximity to the seismic source (i.e., a few
meters; see Appendix D). However, no population-level effects are expected to marine invertebrates as
the result of proposed seismic research activities.

While it is known that the airguns and airgun arrays could theoretically result in injury to some individual
invertebrates (see Appendix D), the effects of the MBESs, SBPs, and pingers on marine invertebrates are
unknown. However, given their acoustic characteristics, potential impacts from MBESs, SBPs, and
pingers would be expected to be even less than those of airguns.

3.2.4.4 Other Potential Effects

Effects on Fisheries

As stated in Section 3.2.4 and Appendix D, there is the potential for certain crustacean and cephalopod
fisheries to be temporarily affected by the proposed seismic surveys in one of two ways: (1) acoustic
disturbance to crustaceans and cephalopods near the seismic survey lines resulting in changes in behavior
or distribution and a reduction in catchability (e.g., displacement from traditional fishing grounds), and
(2) direct interference with the act of fishing (e.g., physically displacing fishing vessels or entanglement
with fishing gear). Minimizing potential impacts to fisheries may, at times, require adjustments to
tracklines and timing of surveys as well as communication with fishers during the surveys (see mitigation
discussed in Chapter 2).

3.25 Environmental Consequences — Alternative A and Alternative B (Preferred Alternative)
3.2.5.1 Acoustic Effects

Under Alternatives A and B, the proposed marine seismic research activities would include mitigation
and monitoring measures as described in Chapter 2. Site-specific mitigation and monitoring measures are
considered for implementation before and during the seismic survey, depending on the resources of
concern that could potentially be impacted. Alternatives A and B would include provisions to plan the
seismic surveys to avoid EFH and to avoid and minimize any potential effects on any listed species to the
maximum extent practicable. With these mitigation measures in place, no significant impacts to
crustacean and cephalopod populations or to EFH are expected in any of the exemplary DAAs and QAAs
with implementation of Alternatives A or B (Table 3.2-6).

Airguns

Under Alternative A or B, the airguns and airgun arrays may theoretically impact crustacean and
cephalopod species as described above, although predicted effects are extrapolated from a few limited
studies (see Appendix D). Most potential effects involve changes in behavior and other non-lethal, short-
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term temporary impacts. A relatively small and insignificant number of individuals within several meters
of an active airgun(s) might be injured; however, there would be no significant impacts on any
invertebrate population. Some invertebrates might indirectly benefit from mitigation measures
implemented for marine mammals under Alternatives A and B (e.g., ramp-ups, power downs, and
shutdowns). Specific invertebrate avoidance and mitigation measures will be evaluated on a site-specific
basis under Alternative A in situations where commercially important fisheries are known to occur (e.g.,
by siting or timing the surveys to avoid specific locations). In summary, with implementation of
Alternative A or B, there would be no significant impacts to crustacean and cephalopod populations or to
EFH in exemplary DAAs and QAAs from the use of airguns or airgun arrays (Table 3.2-6).

Table 3.2-6. Summary of Potential Impacts to Crustaceans, Mollusks (Cephalopods), and Related
Fisheries with Implementation of Alternatives A and B

Analysis Area | Alternatives A and B*
DAAs
NW Atlantic « Potential short-term behavioral or possibly physiological effects on individuals.
W Gulf of Alaska o Potential adverse but not significant impacts to individuals < several m from the active
Caribbean Sea sound source.
S California ¢ No significant impacts at the population level.
Galapagos Ridge
QAAS
BC Coast
Marianas . . . . . L
. « Potential short-term behavioral or possibly physiological effects on individuals.
Sub-Antarctic . L : LS .
. « Potential adverse but not significant impacts to individuals < several m from the active
N Atlantic/lceland
- sound source.
SW Alantic « No significant impacts at the population level
W India g P pop '
W Australia
Mid-Atlantic Ridge

Note: *Impacts under Alternatives A and B assume that provisions would be made to plan the seismic surveys to avoid EFH and
commercially important fisheries to the maximum extent practicable.

MBESs, SBPs, and Pingers

Impacts to cephalopod and crustacean populations from the use of MBESs, SBPs, and pingers are
expected to be even less than those previously described for airguns (Table 3.2-5). Effects of the MBES
will impact a smaller area due to the narrow beam as discussed previously and in Chapter 2. The effects
of the SBP would be even smaller in scale than for the MBES given the small beam and lower source
level. Furthermore, any potential impacts would be restricted to those few crustaceans and cephalopods
that produce and/or detect high-frequency sounds that overlap the frequencies of the MBESs, SBPs, and
pingers. Therefore, no significant impacts to crustacean and cephalopod populations or to EFH are
expected with the use of MBESs, SBPs, and pingers under Alternative A or B (Table 3.2-6).

3.2.5.2 Other Potential Effects

Effects on Fisheries

Under Alternative A, the airgun arrays, MBESs, SBPs, and pingers may impact invertebrate fisheries that
are important in all of the analysis areas. In addition, the seismic vessel itself may interfere with fisheries.
Alternative A includes measures to avoid impacting these fisheries by siting or timing the surveys
appropriately. Therefore, no significant impacts to fisheries are anticipated with implementation of
Alternative A or B.
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3.2.6  Environmental Consequences — Alternative C (No-Action Alternative)

Under the No-Action Alternative, NSF-funded and USGS marine seismic research surveys using various
acoustic sources (e.g., airguns, MBESs, SBPs, and pingers) would not occur. Therefore, baseline
conditions would remain unchanged and there would be no impacts to marine invertebrates with
implementation of Alternative C.

3.2.7 Summary of Environmental Consequences — Invertebrates

Under Alternative A and B, some decapod crustaceans and cephalopods might detect the sound from the
airguns and airgun arrays. The MBESs, SBPs, and pingers might be similarly detectable by fewer
invertebrate species. For those invertebrate species capable of detecting such sounds, there would
theoretically be potential for adverse pathological and physiological effects at extremely close range, and
for behavioral effects extending to somewhat greater ranges. These effects could temporarily change the
catchability of some crustacean and mollusk fisheries in localized areas. The likelihood of each of these
effects depends on the sound level received by the individual. As described in Chapter 2, the received
sound level is generally related to proximity to the source but is influenced by other factors as well (e.g.,
water depth, sound velocity profile of the water, bottom conditions, airgun array size, etc.). The potential
for pathological effects is expected to be limited to those individual invertebrates within several meters of
an active source operating at high levels and producing sounds within the frequency range to which the
animals are sensitive. On a population level, the potential effects are considered insignificant.

In summary, based on the limited available information about the effects of airgun and sonar sounds on
invertebrates, there would be no significant impacts to marine invertebrate populations, fisheries, and
associated EFH with implementation of Alternative A or B.
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3.3 MARINE FIsH
3.3.1 Overview of Fish Groups

Fish addressed in this section are those of ecological or economical concern that occur in or near the 13
analysis areas during the exemplary seismic survey periods. These include fish species or groups that are
listed under the ESA, are associated with U.S.-designated EFH, or are considered the basis of important
fisheries. Fish are further addressed and discussed relative to their known sensitivity to low-frequency
impulse sound associated with seismic surveys. The status, general ecology, and general distribution and
migratory movements of these fish are summarized in Table 3.3-1 and discussed briefly below.

Table 3.3-1. Summary of the Status, General Ecology, and General Distribution and Movement of
Higher Fish Groups Potentially Occurring within the Analysis Areas

Status™ General Distribution/
Higher Group® ESA/IUCN/CITES General Ecology©® Migratory Movements® ¢

Hagfishes &
Lamprevs (Agnatha) 0/0/0 S, PS ICS/OCS/BCS, ICS, OCS
Sharks, Skates,
Rays, & Chimeras 0/43/3 S/I/D, D/P, PV/PN ICS/OCS/BCS; HM
(Chondrichthys)
Sturgeons .
(Adenseriformes) 3/3/2 S, DIP, PV ICS/IOCS; HM
Herring-likes 0/0/0 S, P, PV ICS; HM
(Clupeiformes)
Salmon, Smelts, etc. 71110 S, P, PV/PN ICSIOCS/BCS; HM
(Salmoniformes)
Cod-likes )
(Gadiiformes) 0/2/0 S/, P, PV ICS/OCS; HM
Pipefishes &
Seahorses 0/7/6 S/l, P, PV/PN ICS/OCS/BCS; NS
(Gasterosteiformes)
Scorpionfishes 0/3/0 S/I/D, DIP, PV ICS/OCS/BCS;NS/I0
(Scorpaeniformes)
Perch-likes 0/32/1 S//D, P, PV ICS/OCS/BCS; NS
(Perciformes)
Tuna & billfishes 0/3/0 S/I; P, PV ICS/OCS/BCS; HM
(Perciformes)
Flatfishes 0/2/0 S/, D, PV ICS/OCS/BCS; NS/IO
(Pleuronectiformes)
Coelacanths 0/ /D, P, PN ICS/OCS/BCS; NS
(Coelacanthiformes)

Notes: © Higher groups as defined by SAUP (2005). The names of the relevant orders have been added except in the case of the cartilaginous
fishes (Class Chondrichthys) which contains several orders.
® Number of species listed as critically endangered, endangered, threatened, or vulnerable under each status type (see Table 3.3-2 for
species status by analysis area and species). Federally designated EFH occurs in 5 of the 13 analysis areas as indicated in Tables
3.3-3and 3.3-4.
© Typical water depth: S = shallow (<100 m), | = intermediate (100-1,000 m), D = deep (>1,000 m).
@ Habitat Type: D = demersal; P = pelagic.
© Feeding behavior: PV = piscivorous, PN = planktivorous, PS = parasitic, S = scavenger.
® Horizontal Distribution: ICS = inner continental shelf (<50 m water depth), OCS = outer continental shelf (50-200m), BCS =
beyond continental shelf (>200m).
© Distribution Variability: NS = negligible shift, 10 = slight inshore-offshore movement, HM = highly migratory.
Sources: CITES 2010; IUCN 2010; NOAA Fisheries 2010; SAUP 2010.

3.3.1.1 Taxonomic Groups of Fish

There are thousands of species of marine fish, so for the purposes of this EIS/OEIS, fish are organized
into 12 “higher” taxonomic groups (higher groups) following the SAUP classification system initiated at
the University of British Columbia (SAUP 2010) (Table 3.3-1). This classification system revolves
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around commercially exploited species based on catch data for the entire world; however, it excludes
many species of fish that are not exploited and might not fall into any of these higher groups. The 12
higher groups generally follow major taxonomic groupings based on Superclass and/or Class but do not
exactly match current thought on fish taxonomy and evolution (see Nelson 2006). Species with special
status (i.e., listed under ESA, IUCN, or CITES) occur within 10 of these 12 higher groups and are
discussed below. Only the higher groups of hagfishes and lampreys (Superclass Agnatha) and the herring-
likes (Order Clupeiformes) do not include special-status species. Of the approximate 29,000 extant fish
species in the world, only a few are agnathans — some 800 are sharks, skates, and rays; the rest are bony
fishes (Helfman et al. 1997). General information on the 12 higher groups of fish addressed in this section
is summarized below.

3.3.1.2 Distribution and Movements

Table 3.3-1 presents some generalizations about the ecology, distribution, and movements of fish groups.
Marine fish occupy a wide variety of water depths and habitats. The vast majority of marine fishes are
free-swimming pelagic forms. Other diverse and sometimes abundant fish species inhabit the near-bottom
and demersal (bottom) habitats of much of the world’s oceans, including flatfishes (Order
Pleuronectiformes including soles, halibuts, and allies); sharks, skates, and rays; hagfishes; sturgeons;
cods; rat-tails; and many others (Nelson 2006). In general, sturgeons (Order Acipenseriformes), the
herring-like fishes, and the cod-like fishes (Order Gadiformes) tend to dwell only within the confines of
the continental shelf. Other higher groups of fish are more widely dispersed throughout the world’s
oceans. Some are highly migratory (e.g., tunas, lampreys, herrings, salmons) while others are much more
sedentary (e.g., lingcod, some rockfishes, tropical reef fishes). Table 3.3-1 illustrates these ecological
diversities among the higher groups of fish.

Most marine fish are piscivorous, meaning they primarily eat other fish. A few, from anchovies to whale
sharks and basking sharks, are predominantly or exclusively planktivorous, consuming primarily small
invertebrates (e.g., krill, zooplankton). Relatively few are primarily dependent on phytoplankton or
macroalgae as food for much of their life cycle.

3.3.1.3 Important Ecological Considerations

Important ecological considerations for fish resources of concern with respect to seismic activities
considered in this analysis are the life-history and reproductive characteristics. These are important
determinants of population-scale vulnerability or robustness to disturbance. However, the reproductive
strategies of marine fishes vary significantly, including those that bear live young, those that disperse
their young as larvae, those that fertilize externally and broadcast their eggs, those that spawn into
bottom-attached egg masses or the nests (redds) of river spawners. More fecund fishes that have large
ranges and high rates of dispersal tend to be more resilient to exploitation, disturbance, or other
population-level stressors than those that are restricted to smaller areas and specific microhabitats.

In terms of commercial value world-wide, the herring-like fishes (e.g., herrings, sardines, shads, and
anchovies) and cod-like fishes (e.g., cods, haddocks, hakes, pollocks, and whitings) are the most
economically important. Next are perch-like fishes (the most modern, diverse, and speciose order, the
Perciformes). The salmons and smelts (Order Salmoniformes) are also of great commercial importance.

3.3.1.4 Special-Status Species

Nine ESA-listed fish species potentially occur within three DAAs in U.S. waters (Tables 3.3.1 and 3.3-2).
The majority (seven) are salmonid species (six of which occur in the North Pacific Ocean) and two are
sturgeons. For Pacific salmon, the seven listed species are further divided into 27 Distinct Population
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Segments (DPSs) or Evolutionary Significant Units (ESUs). In addition, EFH occurs in 4 of the 13
analysis areas located within U.S. waters and is discussed in more detail by analysis area as appropriate.
EFH within these four analysis areas is designated for the life or developmental stages of 11 of the 12
higher groups of fish addressed in this analysis (the one exception is the Coelacanths Higher Group).

3.3.1.5 Acoustic Capabilities

Marine fishes are a diverse group and, relative to the total number of species, few species have been
studied for audiology. However, there is good understanding of fish hearing in general. For the most part,
as compared to mammals, fish hearing is restricted to rather low frequencies (Table 3.3-3). Reviews of
fish-hearing mechanisms and capabilities can be found in Fay and Popper (2000) and Ladich and Popper
(2004).

All fish species have hearing and skin-based mechanosensory systems (inner ear and lateral line systems,
respectively). Research indicates that fish detect, and sometimes respond to, sound in their environment
(Fay and Popper 2000). These sounds may be produced by other fish, or they may be sounds of other
organisms (e.g., snapping shrimp, marine mammals), or they may be environmental sounds such as waves
breaking on the shore, rain on the water surface, etc. The growing consensus is that fish (as virtually all
animals) use the sounds in their environment (the “acoustic scene”) to get a sense of the world around
them, and especially the environment beyond the detection range of their other senses, such as vision. In
effect, sound provides fish (and other aquatic animals) with a much larger view of the surrounding
environment than does any other sense. And, while fish get a broad sense of their environment from
sound, it is also clear that fish are probably able to detect prey and predators by ‘listening’ to the
environmental cues (e.g., Hawkins 1981; Popper et al. 2003). Anthropogenic sounds that affect fish
hearing or other sensory systems may have important consequences for fish survival and reproduction.
Potential negative effects include masking of important environmental sounds or social signals, displacing
fish from their habitat, or interfering with sensory orientation and navigation.

Sound consists of two components — pressure and particle motion (see Kalmijn 1988, 1989; Rogers and
Cox 1988). While both are present in air, the particle motion attenuates (drops off) very quickly and so
most terrestrial vertebrates do not have adaptations to detect this. In contrast, in water, which is much
denser than air, the particle motion component of sound travels much further from the source, and its
detection is a very critical part of the hearing system of fish. Indeed, it is thought that the original hearing
system in fish (and all vertebrates) probably was to detect particle motion, and only later in evolution did
some fish start to detect sound pressure. However, it must be understood that both particle motion and
pressure are ultimately detected by the sensory hair cells of the inner ear. The difference in detection of
pressure and particle motion are the pathways by which the signals get to the inner ear.

Sound detection in fish involves an inner ear which is, in most ways, very similar to the inner ears found
in mammals. However, fish, unlike most terrestrial vertebrates, do not have external openings to the ear.
The ear in fish is located in the brain cavity, somewhat behind the eyes. The regions of the ear associated
with hearing in fish are called otolithic organs (separately known as the saccule, lagena, utricle) (see
reviews in Popper et al. 2003; Ladich and Popper 2004). Each otolithic organ has a sensory tissue, or
epithelium, that contains many sensory hair cells, each of which is surrounded by supporting cells. The
lumen (or space) of each otolithic organ contains a very dense structure made of calcium carbonate called
the otolith.
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Table 3.3-2. Potential Occurrence of Special-Status Fish Species within the Analysis Areas

Species

Status**
ESA/IUCN/CITES

Analysis Areas with Potential for Occurrence

DAA

QAA

SHARKS, SKATES, RAYS, AND CHIMERAS

Whale shark -V S California, Galapagos Ridge SW Atlantic, W India, W Australia, BC Coast, Marianas

Sand tiger shark -IVI- NW Atlantic SW Atlantic, W India, W Australia, Marianas

Basking shark VI NVV_ Atlantic, S California, Galapagos Ridge, Mariar)as, BC Coast_, N Atlantic/Iceland, SW Atlantic,
Caribbean W India, W Australia

Great white shark -IVII g;’:/ifl;telgﬂt'c’ S California, Galapagos Ridge, BC Coast, SW Atlantic, W India, W Australia, Marianas

Southern sawtail catshark -IVI- SW Atlantic

Lizard catshark -IVI- SW Atlantic

New Caledonia catshark -IV/- Marianas

Pondicherry shark -/CRI/- W India, W Australia, Marianas

Smoothtooth blacktip -IVI- W India

School shark - S California, Galapagos Ridge ::I/IAFIantic/Iceland, SW Atlantic, W India, W Australia,

arianas, BC Coast

Striped dogfish -/ICR/- SW Atlantic

Deepwater spiny dogfish -IVI- W India, W Australia, Marianas, N. Atlantic/lceland

Gulper shark -IVI- W India, W Australia, Marianas

Dumb shark -/CR/- W Australia

Fossil shark -IV/- W India, W Australia, Marianas

Tawny nurse shark -IVI- W India, W Australia, Marianas

Sharptooth lemon shark -IVI- W India, W Australia, Marianas

Shorttail nurse shark -IV/- W India

Smoothnose wedgefish -IVI- W India, W Australia, Marianas

Leopard shark -IVI- W India, W Australia, Marianas

Smoothback angel shark -/El- SW Atlantic

Eastern angel shark -IVI- Marianas

Angular angel shark -IVI- SW Atlantic

Dwarf sawfish -/E/I W Australia, Marianas

Largetooth sawfish CICR/I SW Atlantic, Galapagos Ridge

Smalltooth sawfish -/E/N SW Atlantic, W India, W Australia

Green sawfish -/E/N W India, W Australia, Marianas

Freshwater sawfish -/E/I W Australia, Marianas

Knifetooth sawfish -/E/I W India, W Australia, Marianas

Brazilian blind electric ray -IVI- SW Atlantic

Brazilian guitarfish -/ICR/- SW Atlantic

White-spotted guitarfish -IVI- W Australia, Marianas

White-spot giant guitarfish -IVI- W India, W Australia, Marianas

Onefin skate -IV/- SW Atlantic

Spotback skate -/E/- SW Atlantic

Common skate -/E/- N Atlantic/Iceland

Barndoor skate -/E/- NW Atlantic
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Table 3.3-2. Potential Occurrence of Special-Status Fish Species within the Analysis Areas

Status** Analysis Areas with Potential for Occurrence
Species ESA/IUCN/CITES DAA QAA
Mud skate -IVI- W India, W Australia, Marianas
Brown stingray -IVI- Marianas
Common shovelnose ray -IVI- W India, W Australia, Marianas
Brazilian crownose ray -/E/- SW Atlantic
Porcupine ray -IVI- W India, W Australia, Marianas
Banded eagle ray -IVI- W India, W Australia, Marianas
STURGEONS
Atlantic sturgeon C/-/ NW Atlantic
Shortnose sturgeon DPS E/V/I NW Atlantic
Baltic sturgeon -/E/l N Atlantic/Iceland
SALMON, SMELTS, ETC.
Chinook salmon ESUs T/-I- S California, W Gulf of Alaska BC Coast
Chum salmon ESUs TI-I- W Gulf of Alaska BC Coast
Coho salmon ESUs TI-/- S California, W Gulf of Alaska BC Coast
Steelhead DPSs E/-/- S. California, W Gulf of Alaska BC Coast
Sockeye salmon ESUs E/-/- W Gulf of Alaska BC Coast
Atlantic salmon DPSs E/-/- NW Atlantic
Bulltrout DPSs TIVI- S California BC Coast
COD-LIKES
Atlantic cod -IV/- NW Atlantic N Atlantic/lceland
Haddock -IV/- NW Atlantic N Atlantic/lceland
PIPEFISHES AND SEAHORSES
Big-belly seahorse -IVIII W Australia
Tiger tail seahorse -/VIII W Australia, Marianas
Lined seahorse -V NW Atlantic, Caribbean SW Atlantic
Pacific seahorse -V S California
Common seahorse -V W India, W Australia, Marianas
Hedgehog seahorse -V W India, W Australia, Marianas
Flat-faced seahorse -V W India, W Australia, Marianas
Hardwicke’s pipefish -IVI- W India, W Australia, Marianas
SCORPIONFISHES
Shortspine thornyhead -/E/- S California BC Coast
Redfish -/E/- NW Atlantic N Atlantic/lceland
Bocaccio rockfish -/CR/- S California BC Coast
PERCH-LIKES
Giant sea bass -/CR/- S California
Marbled grouper -IVI- Caribbean SW Atlantic
Masked hamlet -IV/- Caribbean SW Atlantic
Hogfish -IVI- Caribbean SW Atlantic
Mutton Snapper -IVI- Caribbean SW Atlantic
Cubera Snapper -IVI- Caribbean SW Atlantic
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Table 3.3-2. Potential Occurrence of Special-Status Fish Species within the Analysis Areas

Status** Analysis Areas with Potential for Occurrence
Species ESA/IUCN/CITES DAA QAA
White-edged Rockcod -IVI- W India
Dusky grouper -/E/- W India, SW Atlantic
Snowy grouper -IVI- SW Atlantic
Nassau grouper -/E/- SW Atlantic, Caribbean
Speckled hind -ICRI- SW Atlantic, Caribbean
Goliath grouper -/CR/- SW Atlantic, Caribbean
Giant grouper -IVI- Galapagos Ridge W India, W Australia, Marianas
Warsaw grouper -ICR/- Caribbean SW Atlantic
Leopard grouper -IVI- S California
Venezuelan grouper -IVI- Caribbean SW Atlantic
Gulf grouper -IVI- S California
Gag grouper -IVI- Caribbean SW Atlantic
Sailfin grouper -IVI- Galapagos Ridge
Sawtail grouper -IVI- S California
Red porgy -/E/- NW Atlantic SW Atlantic
Protemblemaria punctata -IVI- SW Atlantic
Pale dottyback -IVI- W India
Rainbow parrotfish -IVI- Caribbean SW Atlantic
Humphead wrasse -IE/N Galapagos Ridge W India, W Australia, Marianas
Brownstriped grunt -/E/- SW Atlantic
Anthias regalis -IVI- Galapagos Ridge
Anthias salmopunctatus -IVI- SW Atlantic
Yellow-crowned butterflyfish -IVI- Marianas
Chaetodon obliquus -IVI- SW Atlantic
Tayrona blenny -IVI- Caribbean SW Atlantic
Stegastes sanctipauli -IVI- SW Atlantic
TUNA AND BILLFISHES
Southern bluefin tuna -ICRI- W India, W Australia, Marianas, SW Atlantic
Bigeye tuna -IVI- NW Atlantic, Caribbean W India, W Australia, Marianas, SW Atlantic
Monterrey Spanish mackerel -/E/- S California
SMELT
Pacific eulachon (Southern DPS) T/-I- | BC Coast
FLATFISHES
Atlantic halibut -/E/- NW Atlantic N Atlantic/Iceland
Yellowtail flounder -IVI- N Atlantic / Iceland
COELACANTHS
Coelacanth -ICRII [ W India

Notes: *C = Candidate, CR = Critically Endangered, E = Endangered, PT = Proposed Threatened, T = Threatened, V = Vulnerable.
Sources: CITES 2010; IUCN 2010; NOAA Fisheries 2010; SAUP 2010.
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Table 3.3-3. Summary of Underwater Hearing and Sound Production Characteristics of Fish

Sound Production® Hearing
Frequency Dominant
Species or Group Range Frequency Source Level Frequency Threshold
(Hz) (kHz) (dB re 1 pPa-m) Range (dB re 1 pPa)

Hagfishes & lampreys Unknown Unknown Unknown Unknown Unknown
Sharks and Rays Unknown Unknown Unknown
Sturgeons <100 - >1,0009 Unknown Unknown Unknown Unknown
Herring-likes Unknown Unknown 120 — 130® 30 Hz — 4 kHz®® 110 @ 1 — 1.2 kHZ®Y
Alosine herrings Unknown Unknown About 130 - 180® | 200 Hz — 180 kHz® or About 155 @ 40 kHz®
(shads and allies) 200 kHz®
Salmon, smelts, etc. Unknown Unknown Unknown <1-800H®™ 94 @ 100 — 120 HZ® ™
Cod-likes 50 — 1 kHz® <1Hz-1kH/P”" O 74 @ 200 HZ™ 19
Pipefishes & seahorses Unknown Unknown Unknown Unknown Unknown
Scorpionfishes Unknown Unknown Unknown
Perch-likes 30— 5,000" 100 — 3,000%% 17 127" 85 Hz— > 2 kHz™ ™)
Tuna and billfishes Unknown Unknown Unknown 50 Hz— 1.1 kHz#® 89— 111 @ 500 Hz##
Flatfishes Unknown Unknown Unknown
Coelacanths Unknown Unknown Unknown Unknown Unknown

Notes: * - Values given are, at best, examples from published and unpublished sources. Sound production and hearing of most fishes in most groups have not
been studied. Frequency bins in this table sometimes bracket the low ends of some species and the high ends of other species within a given group.
This is particularly true of the very anatomically, behaviorally, ecologically, and bioacoustically diverse Order Perciformes (perch-like fishes)
which includes over 9,000 species in 148 families world-wide (fresh and salt water combined), or over one-third of all fish species (Helfman et al.
1997). It includes, besides the tunas and billfishes (listed separately here) basses, tilefishes, remoras, jacks, snappers, grunts, sculpins, porgies, and

Sources:

many other groups.

- There is little known about elasmobranch hearing sensitivities and the mechanisms thereof. With the inevitable ambiguities of the relevant stimulus,
such as particle motion vs. sound pressure, describing hearing or other mechanosensory thresholds may be meaningless. Some of the problems
inherent in making generalizations involving different data sets collected in different ways on different or even the same fishes are reviewed by
Hawkins (1981).

- In cases where cells are left blank it is the opinion of the preparers that the group represented is so species diverse and/or the available data sets are
so different in nature as to make such a brief description meaningless or misleading. A more complete treatment is available in U.S. Navy (2005b).

- Due to the physical limitations of recording and measurement equipment and environments wherein fish will produce natural sounds, source levels
are often difficult or impossible to obtain and are usually not available.

®Johnstone and Phillips 2003; @Denton et al. 1979; ®Schwartz and Greer 1984; “Enger 1967; ®Mann et al. 2001; ®Mann et al. 2005; ) Akematsu

et al. 2003; ®Gregory and Claburn 2003; ©Hawkins and Johnstone 1978; “?U.S. Navy 2007; “Hawkins and Rasmussen 1978; “?Sand and Karlsen

1986; “IChapman and Hawkins 1973; ®*Chapman 1973; ®Tavolga and Wodinsky 1963; “®Luczkovich et al. 1999; “"Gilmore 2003;

(®Ramicharitar et al. 2001; “Ramicaritar and Popper 2004; ®Tavolga and Wodinsky 1965;®VIverson 1967; “?Iverson 1969; ®®Chapman and Sand

1974; ®®Zhang et al. 1998; ®Fujeida 1996.
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The sensory hair cells are virtually identical to those found in all other vertebrate ears (and in the fish
lateral line). Each sensory hair cell has a series of cilia (which have some resemblance to hairs — hence the
name of the cell) that project upwards into the lumen of the otolithic organ. The tips of the cilia contact
the overlying otolith. When the otolith moves relative to the sensory epithelium on which the sensory hair
cells sit, the cilia bend, and this activates the cells (reviewed in Popper et al. 2003).

Most fish have two pathways for sound to the ear. One, referred to as the “direct pathway”, responds to
the particle motion component of the sound field. When the fish moves in a sound field, the denser
otoliths lag slightly behind. This differential movement of fish and otolith results in the bending of the
cilia on the sensory hair cells, as described above (Popper and Fay 1993; Popper et al. 2003).

The second, or indirect, pathway is for detection of sound pressure and for converting the pressure to a
signal that can stimulate the ear. Most frequently, the detector is the swim bladder®™ or some other bubble
of air in the body of the fish. The air in the swim bladder is of a different density than the rest of the fish
and the surrounding water. Any such gas chamber, being more compressible and expandable than either
water or fish tissue, will contract and expand in response to the pressure signal. This vibrating bubble can
be considered as a secondary source of the sound, and this energy is re-radiated from the bubble to the
ear. This re-radiated energy has a large particle motion component, and this directly stimulates the ear
(see Popper et al. 2003; Ladich and Popper 2004).

A third mechanosensory pathway, the lateral line system, is found in most bony fishes and elasmobranchs
(i.e., sharks) (see Coombs and Montgomery 1999 for a review of the structure and function of the lateral
line). The lateral line is sensitive to water motions. The basic sensory unit of the lateral line system is the
same sensory hair cell that is found in the ear, but in the lateral line these are organized into structures
called neuromasts. Neuromasts may sit on the surface of the fish (call free neuromasts) or be embedded in
canals within the skin (canal neuromasts). The lateral line detects the motion of the water. For example,
when fish are swimming in a current, the lateral line detects the movement of the current and helps the
fish orient so that it can swim against or with the current, whichever is appropriate. Fish also use the
lateral line to detect low frequency acoustic signals (1-200 Hz, depending upon the species) over a
distance of one to two body lengths. Typically, the lateral line is used in conjunction with other sensory
information, including hearing (Sand 1981; Coombs and Montgomery 1999).

Although studies of fish hearing capabilities are limited to very few of the more than 29,000 existing fish
species,® there are data on representative species of a number of diverse fish taxa (see Fay 1988; Popper
et al. 2003; Ladich and Popper 2004). Thus, what is known about hearing capabilities across the very
diverse fish taxa is based on a rather sparse sampling of species. Although a few species can hear at high
frequencies (see below), for the majority of fish species hearing is restricted to rather low frequencies
(Table 3.3-3). Most fish species can hear sounds from a few cycles per sec (Hz) up to 300-1,000 Hz. Fish
of a few species are known to detect sounds less than 1 Hz® (Sand and Karlsen 1986, 2000; reviewed in
Popper et al. 2003).

There are several recent reviews on fish hearing that provide a detailed discussion of the issues raised
here; most notably, see Fay and Simmons (1999), Fay and Popper (2000), Popper et al. (2003), and

WThe swim bladder is a large structure in the abdominal cavity of the vast majority of fish, but it is not found in flatfish or sharks
and their relatives. The major role of the swim bladder is to help the fish maintain neutral buoyancy at any depth in the water.
By adjusting the amount of air in the swim bladder, fish can be neutrally buoyant, and thus do not have to expend energy to
stay at a desired depth.

@ See www. fishbase.org.

®) Sounds below about 30 Hz are often referred to as infrasound in the literature.
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Ladich and Popper (2004). Webb et al. (2008) provide a broad overview of all aspects of fish hearing. A
recent paper by Popper and Fay (2010) discusses the designation of fishes based on sound detection
capabilities. They suggest that the designations ‘hearing specialist’ and ‘hearing generalist’ no longer be
used for fishes because of their vague and sometimes contradictory definitions, and that there is instead a
range of hearing capabilities across species that is more like a continuum, presumably based on the
relative contributions of pressure to the overall hearing capabilities of a species.

According to Popper and Fay (2010), one end of this continuum is represented by fishes that only detect
particle motion because they lack pressure-sensitive gas bubbles (e.g., swim bladder). These species
include elasmobranchs (e.g., sharks) and jawless fishes, and some teleosts including flatfishes. Fishes at
this end of the continuum are typically capable of detecting sound frequencies less than 1.5 kHz.

The other end of the fish hearing continuum is represented by fishes with highly specialized otophysic
connections between pressure receptive organs, such as the swim bladder, and the inner ear. These fishes
include some squirrelfish, mormyrids, herrings, and otophysan fishes (freshwater fishes with Weberian
apparatus, an articulated series of small bones that extend from the swim bladder to the inner ear). Rather
than being limited to 1.5 kHz or less in hearing, these fishes can typically hear up to several kHz. One
group of fish in the anadromous herring subfamily Alosinae (shads and menhaden) can detect sounds to
well over 180 kHz (Mann et al. 1997, 1998, 2001). This may be the widest hearing range of any
vertebrate that has been studied to date. While the specific reason for this very high frequency hearing is
not totally clear, there is strong evidence that this capability evolved for the detection of the ultrasonic
sounds produced by echolocating dolphins to enable the fish to detect and avoid predation (Mann et al.
1997; Plachta and Popper 2003).

All other fishes have hearing capabilities that fall somewhere between these two extremes of the
continuum. Some have unconnected swim bladders located relatively far from the inner ear (e.g.,
salmonids, tuna) while others have unconnected swim bladders located relatively close to the inner ear
(e.g., Atlantic cod). There has also been the suggestion that Atlantic cod can detect 38 kHz (Astrup and
Mghl 1993). However, the general consensus was that this was not hearing with the ear, but probably the
fish responding to exceedingly high pressure signals of the 38-kHz source through some other receptor in
the skin, such as touch receptors (Astrup and Mghl 1998).

Fish ears respond to changes in pressure and particle motions (van Bergeijk 1967; Schuijf 1981; Kalmijn
1988, 1989; Schellert and Popper 1992; Hawkins 1993; Fay 2005). Sound amplitude generally attenuates
(decreases) with increasing distance from the sound source (exceptions can occur in water that is shallow
relative to the sound’s wavelength). Thus, even very powerful and low-frequency sound sources are
unlikely to have profound effects at anything but rather short ranges (Kalmijn 1988, 1989). On the other
hand, sound propagation is more efficient at lower frequencies, assuming boundary conditions, especially
water depth, are adequate for sound propagation (Rogers and Cox 1988). As a result, low-frequency
sound may be propagated over a considerable distance. Because seismic surveys are characterized by
low-frequency sounds, this aspect needs to be considered with respect to potential impacts on fish and
their auditory functions, the acoustic environments they inhabit, and their associated ecology.

3.3.2 Affected Environment: Detailed Analysis Areas (DAAS)

This section summarizes region-specific use and habitat features relative to fishes, with particular
emphasis on ESA-listed species, occurring within the five DAAs. Discussion is limited to those species or
higher groups that potentially occur within each DAA during the season of the exemplary marine seismic
survey (Table 3.3-4). Critical habitat as designated under the ESA and EFH as designated under the MSA
are also discussed.
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Table 3.3-4. Potential Occurrence of Higher Fish Groups and EFH within the DAAs during
the Season of the Exemplary Seismic Surveys

NW S Calif W Gulf Galapagos
Atlantic Caribbean (Spr or of Alaska Ridge
Higher Group and EFH (Sum) (Spr or Sum) Sum) (Sum) (Win)
HIGHER GROUP*
Hagfishes and Lampreys BFM - BFM BFM BFM
Sharks, Skates, Rays, & Chimeras BEF EFM BFM BFM BFM
Sturgeons FM - BFM - -
Herring-likes EFM BEF BEFM BEFM BEFM
Salmon, Smelts, etc. BFM - BEFM EFM BEFM
Cod-likes BEFM - - BEFM BEFM
Pipefishes and Seahorses - - BF - BEFM
Scorpionfishes FM - BEFM BEFM BEFM
Perch-likes BEF BEF BEFM BEFM BEFM
Tuna and Billfishes EFM EFM BEFM - BEFM
Flatfishes BEF - BEF BEFM BEFM
EFH**

Hagfishes and lampreys ELJA ELJA ELJA
Sharks, Rays, and Chimeras NJA EJA EJA
Sturgeons - ENJA -
Herring-likes JA ELJA ELJA
Salmon, Smelts, etc. - JA A
Cod-likes ELJA - ELJA
Pipefishes and Seahorses - EJA -
Scorpionfishes - ELJA ELJA
Perch-likes ELJA ELJA ELJA
Tuna and Billfishes JA ELJA -
Flatfishes ELJA ELJA ELJA

Notes: *(Season) = N hemisphere season during which the exemplary seismic cruise would occur within the analysis area; Spr
= spring, Sum = summer, Win = winter; B = breeds within the area, E = economically important fishery within the
area, F = feeds within the area, M = migrates through the area, - = does not occur.

**EFH occurs only within the U.S. EEZ; analysis areas with shaded cells do not occur within the U.S. EEZ; E = eggs,
L = larvae, N = neonates, J = juveniles, A = adults.
Sources: U.S. Navy 2005; SAUP 2010.

3.3.2.1 NW Atlantic

The NW Atlantic DAA occurs within the Northeast U.S. Continental Shelf LME (refer to Figure 2-23)
(SAUP 2010). Two fish species in this analysis area are listed as endangered under the ESA: shortnose
sturgeon and Atlantic salmon. An additional 11 species are identified as “At Risk” under [IUCN or CITES
(Table 3.3-2).

Shortnose Sturgeon. The shortnose sturgeon was listed as endangered in 1967. Its known distribution
extends from the Indian River, Florida, to the Saint John River, New Brunswick, Canada. Although it is
endangered rangewide, NMFS recognizes 19 DPSs, 4 of which occur within states in the vicinity of the
DAA: Massachusetts, Connecticut, New York, New Jersey, and Delaware (NMFS 1998c). Shortnose
sturgeon are generally confined to freshwater, estuarine, and nearshore areas. They inhabit the main stems
of their natal rivers, migrating between freshwater and mesohaline river reaches, and sometimes to sea.
They do not appear to make long offshore migrations. To date, there has been no critical habitat
designated for the shortnose sturgeon.

Atlantic Salmon. The Gulf of Maine DPS of Atlantic salmon has been designated as endangered under the
ESA. This DPS includes all naturally reproducing wild populations and those river-specific hatchery
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populations of Atlantic salmon having historical, river-specific characteristics found north of and
including tributaries of the lower Kennebec River to, but not including, the mouth of the St. Croix River
at the U.S.-Canada border (Fay et al. 2006).

Atlantic salmon reproduce in coastal rivers of northeastern North America, Iceland, Europe and
northwestern Russia and migrate through various portions of the North Atlantic Ocean. Stocks originating
from North America range from the Ungava area of northern Quebec, southeast to Newfoundland and
southwest to Long Island Sound. The North American group of Atlantic salmon includes Canadian
populations (e.g., St. Lawrence River Basin, outer Maritimes, Bay of Fundy and Newfoundland-
Labrador) and U.S. populations. The Gulf of Maine DPS is known to migrate as far north as the Labrador
Sea where it mixes with Atlantic salmon stocks of Canadian origin. To date, there is no designated critical
habitat for the Gulf of Maine Atlantic salmon DPS (NMFS 2005d).

Essential Fish Habitat. EFH for various life stages of numerous fish species, including Atlantic cod,
Atlantic salmon, Atlantic halibut, flounder, hake, herring and other pelagic species, occurs in or
proximate to the analysis area extending out to the limit of the U.S. EEZ (Table 3.3-4) (U.S. Navy 2005;
New England Fishery Management Council 1998). Unless otherwise indicated, these life stages of the
various species can occur anywhere in the water column. Designated EFH for adult Atlantic salmon
represents all 26 rivers where Atlantic salmon are currently present and includes those bays and estuaries
that support Atlantic salmon adults at the “abundant”, “common” or “rare” level. No offshore marine
areas have been designated as EFH for Atlantic Salmon (New England Fishery Management Council
1998).

Fisheries of the western North Atlantic Ocean are historically and currently fundamental to northeastern
North American populations and economies, and were a primary reason for European settlement and
success there. The presence and richness of fisheries in relatively shallow-water areas (“banks”) in the
western North Atlantic have been a source of tremendously successful and important fisheries, especially
for codfishes. Current commercial fisheries identified in this analysis area include those for bluefish,
black sea bass, silver hake, monkfish, tunas, striped bass, menhaden, Atlantic mackerel, Atlantic cod,
haddock, and yellowtail flounder. Skates, spiny dogfish, Atlantic herring, and other large pelagic fishes
such as sharks and swordfish are also fished commercially in the region. In addition, there is a fairly
recent hook-and-line fishery for wreckfish which lands on the order of 100 metric tons from the
“Charleston Bump” (off the SE U.S.), well south of the analysis area. However, the wreckfish population
extends well north and across the North Atlantic to Europe (Vaughan et al. 2001).

According to the U.S. Navy’s Marine Resource Assessment of the Northeast Operating Areas (U.S. Navy
2005), a recreational fishing hotspot occurs immediately west of the analysis area. The primary target
species include bluefish, Atlantic mackerel and Atlantic cod in federal waters, and striped bass in state
waters. Sport fishing tournaments occur in the analysis area in spring, summer, and fall.

3.3.2.2 Caribbean

The Caribbean DAA occurs within the Caribbean Sea LME, primarily on the shelf region north of
Venezuela (refer to Figure 2-22) (SAUP 2010). No ESA-listed fish species or EFH occur in this analysis
area, but 17 species of fish have been identified as ‘At Risk’ by TUCN or CITES (Table 3.3-2).

The current commercial fisheries identified in this analysis area include those for yellowfin tuna,
swordfish, coralline reef fishes, round sardinella, sea catfishes, bigeye scad, grunts (Haemulidae), jacks,
and weakfishes (SAUP 2010; FishBase 2006) (Table 3.3-4). Sport fishing occurs inshore of the analysis
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area. It is likely that some of the fisheries carried out within this analysis area would coincide with the
season proposed for the Caribbean DAA exemplary seismic survey.

3.3.2.3 S California

The S California DAA (refer to Figure 2-20) is a diverse and seasonally productive marine system area
(SAUP 2010). The region is strongly influenced by wind-driven upwelling, topography, currents
(Nishimoto and Washburn 2002), and anthropogenic influences. Deep, nearshore canyons bring
deepwater conditions and species near the coast, and structures associated with considerable offshore oil
development serve as attractive and productive habitat, especially for rockfishes (family Scorpaenidae)
(Love and York 2005; Love et al. 2005).

Nine ESA-listed fish species occur in this analysis area: four threatened or endangered salmon ESUs (3
Chinook, 1 coho), four steelhead DPSs, and the threatened southern green sturgeon DPS (Table 3.3-2).
An additional 12 IUCN- and/or CITES-listed ‘At Risk> fish species occur in the analysis area in the
California Current-Southern-California Bight.

Salmon and Steelhead. ESA-listed salmon and steelhead ESUs originating in California all undertake
northerly migrations along the west coast of North America upon leaving their natal rivers as juveniles.
For this reason, their occurrence in the S California DAA is likely to be rare. Critical habitat designations
for ESA-listed salmon and steelhead originating from rivers in California are restricted to freshwater and
estuarine habitats (NOAA Fisheries 2005).

Green Sturgeon. Green sturgeon spend the majority of their lives in coastal waters between northern Baja
California and the Aleutian Islands, Alaska (Moyle 2001). Green sturgeon are very migratory and data
suggest they inhabit coastal areas within the 328-ft (110-m) bottom contour. Little is known about the
specific migration pathways and oceanic distribution of the southern green sturgeon DPS but they are
believed to migrate northward to Alaska (NMFS 2005¢). This suggests that occurrences of green sturgeon
in the S California DAA would be rare. Critical habitat has not been designated for the green sturgeon
(NMFS 2005¢).

Essential Fish Habitat. EFH has also been designated by the Pacific Fishery Management Council
(PFMC) for various non-listed species known to occur in California waters including northern anchovy,
Pacific sardine, Pacific mackerel, jack mackerel, common thresher shark, pelagic thresher shark, bigeye
thresher shark, shortfin mako shark, blue shark, albacore tuna, bigeye tuna, northern bluefin tuna, skipjack
tuna, yellowfin tuna, striped marlin, swordfish, dorado, and for as many as 80 species of groundfish.
Salmon EFH is broad, covering freshwater, estuarine, and marine environments. Salmon EFH extends
from the nearshore and tidal submerged environments within state territorial waters out to the full extent
of the EEZ offshore of California north of Point Conception (PFMC 1998, 2006, 2007).

Fishing has been an important part of the life of western North America for thousands of years, from
indigenous subsistence fisheries to industrialized net and hook-and-line fisheries. The seasonal wind-
driven upwelling, a spring phenomenon, replenishes nutrients in the upper ocean and drives, along with
longer day length, a spectacular spring bloom in productivity. Current commercial and sport fisheries are
important and diverse (see Schroeder and Love 2002), and have been very important to the development
of the region. However, many of these fisheries have recently been in decline, particularly the salmon
fisheries. A high-seas yellowfin tuna seine fishery, mostly out of San Diego, California, still exists but has
declined. Bottom trawling and, more recently, midwater trawling, have been very important but have
recently been restricted. The central California sardine fishery was very productive while it lasted and it is
slowly rebuilding. Gillnetting has been important both near-shore and offshore. Offshore trolling for
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albacore is important. Near-shore sport fishing, from both private and for-hire boats, is mostly for salmon,
rockfishes, and sometimes albacore.

3.3.2.4 W Gulf of Alaska

The nearest LME to the W Gulf of Alaska DAA is the East Bering Sea LME (SAUP 2010). This region is
a bathymetrically diverse and abrupt basin. Important natural bathymetric features include the Emperor
Seamount Chain extending south roughly along the International Date Line, the Aleutian Trench running
parallel with and south of the Aleutian Island Chain, the Aleutian Islands, and the Patton and Gilbert
seamounts to the east. These features constrain circulation and serve as attraction points for marine fish
(Mecklenberg et al. 2002). A few of the eastern seamounts, some as far west as Umiak Island, are Alaska
Seamount Marine Reserves. The climate is sub-Arctic and productivity is governed by currents,
temperature, and day length in winter. Sea ice and its effect on light penetration as well as that of many
associated organisms are important determinants of productivity.

Twenty-seven ESA-listed threatened or endangered DPSs of anadromous salmon and steelhead
potentially occur within the Gulf of Alaska: 16 salmon ESUs (2 sockeye, 9 Chinook, 3 coho, and 2
chum) and 11 steelhead ESUs (Table 3.3-2). The only other ESA-listed marine species that could occur
within the W Gulf of Alaska is the southern green sturgeon DPS. There is no ESA-designated critical
habitat in the waters of Alaska (Table 3.3-4) (NMFS 2005a).

Salmon and Steelhead. All W Coast salmon species (and associated ESUSs) currently listed as threatened
or endangered under the ESA originate in freshwater habitat in Washington, ldaho, Oregon, and
California. Although some of the listed species migrate as adults into marine waters off Alaska, no stocks
of Pacific salmon or steelhead originating from freshwater habitat in Alaska are listed under ESA. Only
one Chinook salmon and three steelhead ESUs are thought to range into marine waters off Alaska during
the ocean migration portion of their life history. In the Gulf of Alaska, ESA-listed salmon ESUs are
mixed with hundreds to thousands of other salmon stocks originating from the Columbia River in
Washington and Oregon and river drainages in British Columbia, Alaska, and Asia; ESA-listed fish are
visually indistinguishable from these unlisted stocks (NMFS 2005a).

Green Sturgeon. Green sturgeon spend the majority of their lives in coastal waters between northern Baja
California and the Aleutian Islands, Alaska (Moyle 2001). Green sturgeon are very migratory and data
suggest they inhabit coastal areas within the 328-ft (110-m) bottom contour. Little is known about the
specific migration pathways and oceanic distribution of the southern green sturgeon DPS but they are
believed to migrate northward to Alaska; occurrences in the Gulf of Alaska are thought to be rare. Critical
habitat has not been designated for the green sturgeon (NMFS 2005¢).

Essential Fish Habitat. EFH for several species and life stages of marine fish, including Alaskan stocks of
Pacific salmon and approximately 25 species of groundfish is designated in the W Gulf of Alaska DAA
(Table 3.3-4). EFH for Alaskan stocks of Pacific salmon extends from the mean higher tide line to the
200-nm limit of the U.S. EEZ (NMFS 2005a).

Fisheries have always and necessarily been important to the people inhabiting this region and to others,
from indigenous subsistence fishers to very large-scale industrial fishing efforts by Canada, the U.S., or
the nations of Asia. The severity of the climate and sea has largely limited exploitation until the last half-
century, and winters are especially severe. The commercial fisheries of the W Gulf of Alaska are
important and diverse involving both anadromous fishes (salmonids) and marine fishes (halibut and other
flatfishes, Pacific herring, rockfishes, cods, and pollocks). Bottom trawling for groundfish is especially
important.
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3.3.25 Galapagos Ridge

The Galapagos Ridge DAA is comprised of a tectonic spreading ridge running roughly parallel to the
western coastline of South America. Its location is approximately 1,864 mi (3,000 km) offshore (refer to
Figure 2-21) and thus well west of the nearest LME, the highly productive Humboldt Current. The
Humboldt Current carries cold, low-salinity, nutrient-rich Antarctic water north along the western coast of
South America. However, the offshore deep ocean waters of the tropical Pacific Ocean are more nutrient
poor, similar to mid-ocean tropical seas around the world. No ESA-listed species are identified for the
analysis area, although eight IUCN-listed fish species may be encountered there (Table 3.3-2). Since this
DAA is outside the U.S. EEZ, EFH is not present within this analysis area.

The eastern tropical Pacific Ocean is the site of a very large and important international pelagic seine
fishery for yellowfin and other tunas. Some pelagic long lining for tunas and billfishes also occurs. Large-
scale industrial over-fishing is considered an ongoing problem. Sportfishing is usually confined to waters
near islands or larger landmasses.

3.3.3 Affected Environment: Qualitative Analysis Areas (QAAS)

This section summarizes region-specific use and habitat features relative to fishes occurring within the
eight QAAs. Discussion is limited to those species or higher groups that potentially occur within each
QAA during the season of the exemplary marine seismic survey (Table 3.3-5). Since all the QAAs are
outside the U.S. EEZ, designated critical habitat for ESA-listed species and EFH are not present within
any of the QAAs.

Table 3.3-5. Potential Occurrence of Higher Fish Groups within the QAAs during the Season of the
Exemplary Seismic Surveys

Mid-Atlantic
N Atlantic/ BC SW Ridge Mariana Sub-
Iceland Coast | Atlantic (Spr, Sum, W Australia W India Islands Antarctic
Higher Group (Sum) (Fall) (Any) or Fall) (Spr or Fall) | (Spr or Fall) (Spr) (Jan-Feb)
Hagfishes & Lampreys - BFM BF BF BF BF BF -
Sharks, Skates, Rays, EFM - EFM EFM EFM EFM - BFM
& Chimeras
Sturgeons BFM FM - - - - - -
Herring-likes EFM M BEF - EFM EFM - -
Salmon, Smelts, etc. EFM ME - - - - - -
Cod-likes BEF BFM - - - - BFM BEFM
Pipefishes & - - - - - - BFM -
Seahorses
Scorpionfishes EFM BF EF - - - - BFM
ME
Perch-likes - BFM BEF - BEF BEF BFM BEFM
Tuna & Billfishes - - EFM EFM EFM EFM BEFM BFM
Flatfishes BEF BF - - - BEF - BEFM
ME

Coelacanths - - - - - - - -

Notes: *(Season) = N hemisphere season during which the exemplary seismic cruise would occur within the analysis area; Spr = spring, Sum = summer.
B = breeds within the area; E = economically important fishery within the area; F = feeds within the area; M = migrates through the area.

Source: SAUP 2010.

3.3.3.1 N Atlantic/lceland

The N Atlantic/lceland QAA occurs within the Iceland Shelf LME (refer to Figure 2-18) (SAUP 2010).
Although no ESA-listed species occur within this analysis area, nine fish species do occur that have been
identified as ‘At Risk” by IUCN or CITES (Table 3.3-2).
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The current commercial fisheries identified in the LME of this analysis area include those for capelin,
Atlantic cod, blue whiting, Atlantic herring, Greenland halibut, saithe or pollock, haddock, redfish, ocean
perch, Atlantic wolffish, and European plaice. The most important species group in terms of shelf catches
is the pelagic fishes followed by the demersal (or benthic) groundfishes (SAUP 2010).

3.3.3.2 BC Coast

The BC Coast QAA is located at the southern part of the Gulf of Alaska LME (refer to Figure 2-18)
(SAUP 2010). Twenty-seven ESA-listed threatened or endangered species or DPSs of anadromous
salmon and steelhead and the ESA-listed green sturgeon originating in U.S. waters potentially migrate
along the BC Coast QAA during their seaward or river-ward migrations. An additional seven species of
fish have been identified as ‘At Risk’ by the IUCN or CITES within the BC Coast QAA.

Although Canada has no EFH-equivalent designation for various life stages of marine fish species along
the BC Coast, DFOC uses regulatory power to open and close fisheries and fishing areas in Canadian
waters to protect stocks of fish, either temporarily or permanently. Species of fish with such area closures
are rockfish, herring, and salmon. In particular, inshore rocky reefs, kelp beds, and estuaries are
commonly identified as important habitat for these species by DFOC.

An extensive commercial fishery occurs along the BC Coast throughout the year. This fishery is
distributed across the entire continental shelf and beyond. Groundfish species (including rockfishes,
halibut, and sablefish) make up the majority of the landed value, followed by herring and salmon. There
are lesser fisheries on other species such as sardine. The BC Coast is renowned for its sport fishing that
primarily targets salmon. This is, for the most part, a spring to late-winter fishery that occurs in near-
coastal waters. Sport fishers also target halibut and inshore rockfish species. First Nations traditional and
food fisheries along the BC Coast have significant food, social, and ceremonial value to the local
communities. In addition, many First Nations people participate in the general commercial fisheries.

3.3.3.3 SW Atlantic

The SW Atlantic QAA along coastal Brazil occurs within the North Brazil Shelf LME (refer to Figure
2-18) (SAUP 2010). No ESA-listed fish species occur within this analysis area while 42 species do occur
that have been identified as ‘At Risk’ by IUCN or CITES (Table 3.3-2).

The current commercial fisheries identified in the LME of this analysis area include those for
wreakfishes, drums or croakers (Sciaenidae), Atlantic seabob, jacks, sea catfishes, round sardinella, and
Brazilian sardinella. Fisheries in the North Brazil Shelf LME are dominated by artisanal fishing methods
(SAUP 2010). Therefore, fish catches are relatively low when compared to other areas with larger-scale
and industrialized fishing methods.

3.3.3.4 Mid-Atlantic Ridge

The Mid-Atlantic Ridge QAA occurs proximate to the border shared by the West Central Atlantic and the
East Central Atlantic FAO Areas (refer to Figure 2-18) (SAUP 2010). While there are substantial fish
data associated with both of these FAO areas, both areas include primarily nearshore areas (i.e., eastern
North America and western Africa) that are more productive than the mid-ocean waters of the Mid-
Atlantic Ridge QAA. Thus, it is not possible to accurately extract the data relevant only to the Mid-
Atlantic Ridge QAA. The limited fish information provided in this section is in the context of these
broader FAO Areas.

No ESA-listed fish species are identified for this analysis area. There are no data on any IUCN- or
CITES-listed fish species specific to this area in the mid-Atlantic; however, it is likely that any listed fish
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species occurring in this analysis area belong to either the tunas/billfishes or sharks/rays Higher Group
classifications.

It is unlikely that many commercial fisheries are conducted in the Mid-Atlantic Ridge QAA given its
distance from shore. Medium to large pelagic fishes and sharks most likely dominate the pelagic fish
assemblage in the analysis area; deepwater benthic and bathypelagic fish species also occur.

3.3.3.5 W Australia

The W Australia QAA occurs within both the Northwest Australian Shelf and West Central Australian
Shelf LMEs (refer to Figure 2-18) (SAUP 2010). Some fish information provided in this section is in the
context of these LMEs. No ESA-listed fish species occur within this analysis area while there are 36
species that are IUCN- or CITES-listed (Table 3.3-2).

The current commercial fisheries identified in the LMEs of this analysis area include those for goldstripe
sardinella, bigeyes, threadfin breams, torpedo scad, Indo-Pacific anchovies, squirefish, southern bluefin
tuna, yellowfin tuna, smelt-whitings, silky shark, Australian ruff, mullets, and barrelfishes (SAUP 2010).

3.3.3.6 W India

The W India QAA occurs within the Arabian Sea LME (refer to Figure 2-18) (SAUP 2010). Some fish
information provided in this section is in the context of this LME. No ESA-listed fish species occur
within this analysis area, but 36 species are CITES- or IUCN-listed (Table 3.3-2).

The current commercial fisheries identified in the LME of this analysis area include those for Indian oil
sardine, drums or croakers, sea catfishes, threadfin breams, Bombay duck, cutlassfishes, slimys,
slipmouths or ponyfishes, anchovies, Indian mackerel, skipjack tuna, and yellowfin tuna (SAUP 2010).

3.3.3.7 Marianas

The Mariana Islands are a bathymetrically extreme region. The Marianas Ridge runs northward and
separates the Philippine Sea from the North Pacific Ocean (Figure 2-18). To the east and running parallel
to the ridge is the Marianas Trench, which includes the Challenger Deep that is the deepest part of all the
world’s oceans. No ESA-listed fish species are identified for this analysis area while there are at least 27
species of cartilaginous fishes that are IUCN- and CITES-listed (Table 3.3-2).

The largest and most profitable fisheries-related component of the economies of the Federated States of
Micronesia, Guam, and the Northern Mariana Islands involves the fishery for tunas and its care,
preparation, and transportation (usually by air) to market. This is due to the abundance of tunas in the
region and the proximity to the very profitable market for fresh tuna in Japan. This fishery is primarily
based on the catch of foreign-owned vessels licensed by the island governments. There are both private-
sector and government long-line fisheries as well. Aquaculture is growing in the region. In some places,
small-scale and artisanal fisheries persist. On many islands, especially those with inter-island air service,
boat-based big game sportfishing and diving (spear fishing) is a growing component of the island
economies.

3.3.3.8 Sub-Antarctic

The Sub-Antarctic QAA occurs within the Southwest Pacific FAO Area (refer to Figure 2-18) (SAUP
2010). There are no ESA-, IUCN-, or CITES-listed fish species identified for this analysis area. The sub-
Antarctic oceans are productive with long day lengths in the austral summers. As a result, they have long
been the target of international fisheries for fish, whales, and invertebrates. Due to the remote and harsh
nature of the southern oceans, these are all high-seas industrial fisheries. For the last 60 years very diverse
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landings have come from the Southwestern Pacific Ocean, including the blue grenadier, a deepwater
(2,625 ft [800 m]) demersal fish. The Inca scad, a jack, comprises the major fraction of landings in the SE
Pacific Ocean.

3.3.4 Environmental Consequences — General

There are three types of potential effects on fish from exposure to underwater seismic and other
anthropogenic sounds: pathological, physiological, and behavioral. These effects were previously defined
in Section 3.2.4. The specific received sound levels at which permanent adverse effects to most fish
species could potentially occur are little studied and largely unknown and information on the impacts of
seismic surveys on marine fish populations is limited (Table 3.3-6 and Appendix D). Furthermore,
available information on the potential impacts of seismic surveys on marine fish involves studies of a
limited number of species and individuals and thus portions of a population; there have been no such
studies at the population scale. This makes drawing conclusions about impacts to fish problematic since
ultimately, the most important aspect of potential impacts relates to how exposure to seismic survey
sound affects marine fish populations and their viability, including their availability to fisheries.

The following sections provide a general synopsis of available information on the effects of exposure to
seismic and other anthropogenic sound as relevant to fish. The information comprises results from
scientific studies of varying degrees of rigor plus, given the paucity of available data, some anecdotal
information. Some of these data sources may have serious shortcomings in methods, analysis,
interpretation, and reproducibility which must be considered when interpreting their results (see Hastings
and Popper 2005). Criteria used to assess effects are first described, followed by a comparison of the
frequencies of sounds from each source vs. sound frequencies detected and produced by fish, insofar as
known. The types of potential impacts on fish resulting from the proposed seismic survey activities are
then discussed. A more detailed review of the literature on the effects of seismic survey sound on fish is
presented in Appendix D.

Pathological Effects. The potential for pathological damage to hearing structures in fish depends on the
energy level of the received sound and the physiology and hearing capability of the species in question.
For a given sound to result in hearing loss, the sound must exceed, by some specific amount, the hearing
threshold of the fish for that sound (Popper 2005). The consequences of temporary or permanent hearing
loss in individual fish or a fish population is largely unknown. However, it likely depends on the number
of individuals affected and whether critical behaviors involving sound (e.g., predator avoidance, prey
capture, orientation and navigation, reproduction, etc.) are adversely affected.

Rather little is known about the mechanisms and characteristics of potential injury to fish from exposure
to seismic survey sounds. Few data have been presented in the peer-reviewed scientific literature. There
are few papers with proper experimental methods, controls, and careful pathological investigation
implicating that sounds produced by actual seismic survey airguns cause adverse anatomical and hearing
effects. McCauley et al. (2003) found that exposure to airgun sounds (600 pulses with peak-to-peak
source SPL just below 223 dB re 1 pPa) caused observable anatomical damage to the auditory maculae of
pink snapper (see Appendix D for more details on the McCauley (2003) study). This damage in the ears
did not repair in fish examined almost 2 months after exposure.
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Table 3.3-6. Summary of Known Effects of Seismic Survey Sound on Marine Fish and Related Fisheries
Hearing or Auditory
Higher Masking or Detection Tissue Non-Auditory Physiological Fishery
Group Disturbance* Impairment* Damage* Injury or Mortality* Effect(stress) Effects*
Hagfishes & lampreys Unknown Unknown Unknown Unknown Unknown Unknown
Sharks, rays, & chimeras | Unknown Unknown Unknown Unknown Unknown Unknown
Sturgeons Unknown Unknown Unknown Unknown Unknown Unknown
o Limited evidence of short-term Unknown Unknown o Limited evidence of increased Unknown . N
behavioral effects for caged mortality of eggs (anchovy) at Herrllng., no.5|gn|f|cant effect
g y oT €gg vy
Herring-likes herring (Engés et al. 1995). close range (<10 m) to multiple on distribution (Slotte et al.
exposures to airguns (Holliday 2004).
et al. 1987).
o Negligible behavioral response of | Noevidence | Unknown o Some evidence of swim bladder | Unknown Unknown
Atlantic salmon to small airgun in one damage to young Arctic cisco to
array (Thomsen 2002). salmonid pulsed airgun sound at <2 m but
Salmon. Smelts. etc species no mortality observed (Falk and
’ e (Popper et al. Lawrence 1973).
2005). o No evidence of lethal effects to
caged coho salmon (Weinhold
and Weaver 1972).
o Evidence of short-term behavioral | Unknown o Evidence of injury to caged cod Unknown e Blue whiting — no
effects for hake with evidence of and plaice from continuous near- significant effects on
habituation (Chapman and field exposure (<4 m) (Matishov distribution, moved deeper
Cod-likes Hawkins 1969). 1992). (Slotte et al. 2004).
o No behavioral response observed e Evidence of injury and mortality o Evidence of reduced catch
for pollock, saithe, juvenile cod to eggs and larvae of cod, turbot, rates for cod, haddock
(Wardle et al. 2001). plaice (Booman et al. 1996). (Engas et al. 1996).
Pipefishes & seahorses Unknown Unknown Unknown Unknown Unknown Unknown
o Evidence of short-term behavioral | Unknown Unknown Unknown Unknown e Evidence of reduced catch
Scorpionfishes effects for rockfish (Pearson et al. rates for rockfish (Skalski
1992) etal. 1992)
e Evidence of short-term behavioral | Unknown e Evidence of e No evidence of injury to sea e Evidence of | e No evidence of reduced
effects for sea bass (Santulli et al. permanent bass (Santulli et al. 1999). short-term catch rates for bass
1999). structural change in | e Evidence of increased mortality increase in (Pickett et al. 1994).
Perch-likes o Short-term behavioral response in pink snapper from of eggs (red mullet, blue runner) stres§ levels
sandeels (Hassel et al. 2003, many exposures to at close range (<10 m) to (cortisol) of
2004). airguns (McCauley multiple exposures to airguns sea bass
« No behavioral response observed etal. 2003). (Kostyvchenko 1973). (Santulli et
for mackerel (Wardle et al. 2001). al. 1999).
Tuna & billfishes, Unknown Unknown Unknown Unknown Unknown Unknown

Flatfishes, Coelacanths

*Unknown indicates no studies. See text and Appendix D for further details and citations for the studies summarized in this table.
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Popper et al. (2005) documented TTS (as determined by auditory brainstem response) in two of three
fishes (northern pike and lake chub in the Mackenzie River Delta). This study found that broad whitefish
that received an SEL of 177 dB re 1 pPas showed no TTS. In both cases, the repetitive exposure to
sound was greater than would be expected in a typical seismic survey. Fishes involved in the study by
Popper et al. (2005) were examined for damage to the sensory cells of the inner ear as a result of exposure
to seismic sound and no damage was observed (Song et al. 2008). Besides these two studies, at least with
airgun-generated sound treatments, most contributions rely on rather subjective assays such as ‘fish
alarm’ or ‘startle response’, or changes in catch rates by fishers. While these experiments are relevant in
that they attempt to use the levels of exposures that are likely to be encountered by most free-ranging fish
in actual seismic survey areas, the associated sound stimuli are often poorly described and the biological
assays are varied (Hastings and Popper 2005).

Wardle et al. (2001) suggest that acute injury and death of organisms exposed to seismic energy in water
depends primarily on two features of the sound source: the received peak pressure and the time required
for the pressure to rise and decay. Generally, as received pressure increases the period for the pressure to
rise and decay decreases and the chance of acute pathological effects increases. According to Buchanan et
al. (2004), for the types of seismic airguns and arrays involved with the proposed NSF-funded or USGS
marine seismic research, the pathological (mortality) zone for fish would be expected to be within a few
meters of the seismic source. Numerous other studies provide examples of no fish, fish egg, or fish larvae
mortality upon exposure to seismic sources (Falk and Lawrence 1973; Holliday et al. 1987; La Bella et al.
1996; Santulli et al. 1999; McCauley et al. 2000a, b; Thomsen 2002; Hassel et al. 2003; McCauley et al.
2003; Popper et al. 2005; Payne et al. 2009).

Other studies have reported, some equivocally, that mortality of fish, fish eggs, or larvae can occur close
to seismic sources (Kostyvchenko 1973; Dalen and Knutsen 1986; Booman et al. 1996; Dalen et al.
1996). Some of these investigated seismic effects from treatments quite different from actual seismic
survey sound stimuli or even reasonable surrogates. Saetre and Ona (1996) applied a ‘worst-case
scenario’ mathematical model to investigate the effects of seismic energy on fish eggs and larvae. They
concluded that mortality rates caused by exposure to seismic surveys are so low as compared to natural
mortality rates that the impact of seismic surveying on recruitment to a fish stock must be regarded as
insignificant.

Physiological Effects. Physiological effects refer to cellular and/or biochemical responses by fish to
acoustic stress. Such stress could potentially affect fish populations by increasing mortality or reducing
reproductive success. Primary and secondary stress responses of fish after exposure to seismic survey
sound appear to be temporary (Sverdrup et al. 1994; McCauley et al. 2000a, b). The periods necessary for
these biochemical changes to return to normal are variable and depend on numerous aspects of the
biology of the species and of the sound stimulus