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Abstract

This Final Overseas Environmental Impact Statement/Environmental Impact Statement (OEIS/EIS) identifies and
evaluates the potential environmental impacts of employing the Surveillance Towed Array Sensor System (SURTASS) Low
Frequency Active (LFA) sonar. It has been prepared by the Department of the Navy in accordance wit h the requirements
of Presidential Executive Order (EO) 12114 (Environmental Effects Abroad of Major Federal Actions) and the National
Environmental Policy Act of 1969 (NEPA). The Navy currently plans to operate up to four SURTASS LFA sonar
systems. At present the Research Vessel (R/V) Cory Chouest is the only vessel equipped with SURTASS LFA sonar. The
additional SURTASS LFA sonar systems would be installed on board ocean surveillance vessels. Alternatives considered
include the No Action Alternative, Alternative 1 (which provides for geographic restrictions and monitoring to prevent
injury to potentially affected species), and Alternative 2 (unrestricted operation of the system). Alternative 1 isthe Navy's
preferred alternative.

Please contact the following person with comments and questions:

Mr. J. S. Johnson

Attn: SURTASS LFA Sonar OEIS/EIS Program Manager
901 North Stuart Street, Suite 708

Arlington, VA 22203

E-Mail: eisteam@mindspring.com



SURTASS LFA Sonar

EXECUTIVE SUMMARY I

The proposed action is U.S. Navy employment of the Surveillance Towed Array Sensor System
(SURTASS) Low Freguency Active (LFA) sonar in the ocean areas shown in blue in Figure S-1
(SURTASS LFA Sonar Potential Operating Areas) excluding any areas necessary to reduce
adverse effects on the marine environment. This would include areas necessary to prevent 180-
decibel (dB) sound pressure level (SPL) or greater within 22 kilometers (km) (12 nautical miles
[nm]) of land, in offshore biologically important areas during biologically important seasons (see
Figure S 1), and in areas necessary to prevent greater than 145-dB SPL at known recreational
and commercial dive sites. The SURTASS LFA sonar operational areas are inhabited by marine
animals, including birds, fish, sea turtles, and marine mammals.

During employment of the SURTASS LFA sonar system, acoustic signals would be introduced
into the water column that could potentially affect the marine environment. As aresult, the Navy
has prepared this Overseas Environmental Impact Statement/Environmental Impact Statement
(OEIS/EIS) to study the potential environmental effects of SURTASS LFA sonar system use.
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Figure S-1. SURTASS LFA Sonar Potential Operating Areas.
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This OEIS/EIS was prepared in accordance with the requirements of Presidentia Executive
Order (EO) 12114 (Environmental Effects Abroad for Major Federal Actions) and the National
Environmental Policy Act of 1969 (NEPA). EO 12114 applies to major federal actions that occur
outside the United States, its territories and possessions, while NEPA applies to major federal
activities that occur or have effects in the United States, its territories and possessions. The
Department of the Navy is the lead agency with the National Marine Fisheries Service (NMFS)
of the Department of Commerce’s National Oceanic and Atmospheric Administration (NOAA)
as a cooperating agency.

The results and conclusions of this OEIS/EIS apply only to the SURTASS LFA sonar system
and those species that are potentialy affected by low frequency (LF) sound in water. They do not
apply to other Navy sonar systems.

S.1 Purposeand Need

Submarines can be used for a broad range of offensive and defensive missions, from coastal
defense to secret surveillance to stand-alone platforms for special operations forces (e.g., sea-air-
land units) or attack on land targets, surface ships or other submarines in both open ocean and
littoral or “near land” areas of the world. Nuclear and diesel-electric submarines can accomplish
such missions because they are hard to find (they are stealthy), they carry dangerous weapons
(torpedoes and cruise missiles), and they provide economy of force (cost-effective weapons
delivery).

The world submarine fleet is becoming increasingly quieter; and, since the end of the Cold War,
the distance or range of detecting these submarines has been grestly reduced. As a result, in some
cases U.S. forces may have only minutes to respond to a potential submarine threat. Such
situations could jeopardize U.S. ability to control the sea, land, and air, and hinder follow-on
offensive and defensive operations. Eliminating this threat to U.S. security and maintaining the
Navy’s antisubmarine warfare (ASW) mission into the future were reasons for developing a
long-range sonar technology.

To meet the need, the Navy investigated the use of a broad spectrum of acoustic and non
acoustic technologies to enhance ASW capabilities. Of al the technologies evaluated, low
frequency active sonar was the only system capable of providing reliable and dependable long-
range detection of quieter, harder-to-find submarines. LF sound travels in seawater more
effectively and for greater distances than higher frequency sound used by other active sonars.
The SURTASS LFA sonar system would meet the Navy’'s need for improved detection and
tracking of new-generation submarines at long range.

The purpose of the proposed action, therefore, is to meet the U.S. need for improved capability to
detect quieter and harder-to-find foreign submarines at long range, thereby meeting the Navy’s
need to maintain the ASW capability of its fleet. This capability would provide U.S. forces with
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adequate time to react to, and defend against, potential submarine threats while remaining a safe
distance beyond a submarine's effective weapons range.

S.1.1 Public Participation

The public participation program for this OEIS/EIS began with publication of a Notice of Intent
(NQI) to prepare an EIS in the Federal Register on July 18, 1996. Public scoping meetings were
held in Norfolk, Virginia (August 3, 1996); San Diego, California (August 6, 1996); and
Honolulu, Hawalii (August 8, 1996).

In addition to conducting the public participation program required by NEPA, the Navy invited
representatives of concerned environmental groups, or norrgovernmental organizations, to an
outreach meeting held on January 8, 1997 in Washington, DC. The purpose of this meeting was
to provide interested parties with detailed briefings on SURTASS LFA sonar and to exchange
views on the EIS process and content. The Navy also invited independent marine biologists,
acousticians, and auditory experts to review and discuss a number of key issues related to the
potential effects of LFA sonar on marine animals. Additional outreach meetings were held in
February 1997, May 1997, October 1997, and June 1998. The outreach meetings provided
significant input to the EIS development.

The Navy also organized a Scientific Working Group (SWG) on “The Potential Effects of Low
Frequency Sound on the Marine Environment.” The group’s charter was to provide a forum for
scientific discourse among Navy and non-governmental organizations to address the underlying
scientific issues needing resolution for development of this OEIS/EIS. Group members included
representatives from the Office of Naval Research (ONR), Cornell University, University of
Washington, University of California-Santa Cruz, Hubbs Sea World Research Institute, Marine
Acoustics, Inc., National Marine Fisheries Service, Nava Submarine Medical Research
Laboratory (NSMRL), Marine Mamma Commission, Harvard Medical School, Bodega Marine
Laboratory, and Woods Hole Oceanogaphic Ingtitution. An observer from the League for
Coastal Protection represented the public environmental community. Three meetings were held:

February 1997 in Washington, DC;
October 1997 at the Naval Postgraduate School, Monterey, California; and

September 1998 at the Woods Hole Oceanographic Institution in Woods Hole,
M assachusetts.

ES-3 Executive Summary



Environmental Impact Statement

S.1.2 Draft OEISEIS

Commencing on July 31, 1999, copies of the Draft OEIS/EIS were distributed to agencies and
officials of federal, state, and local governments, citizen groups and associations, and other
interested parties (Federal Register [FR ]VVol. 64 No. 146).

Documents produced for the SURTASS LFA Draft OEIS/EIS were made available for review at
17 public libraries located in many coastal states including Hawaii. The SURTASS LFA Sonar
OEIS/EIS Internet website (http://www.surtassIfa-eis.com) will be available for information
purposes until 60 days after publication of the ROD in the Federal Register (FR).

A 90-day public review and comment period on the Draft OEIS/EIS occurred through October
28, 1999. During this period, public hearings were held as follows:

September 29, 1999, in Norfolk, VA;
October 12, 1999, in San Diego, CA; and
October 14, 1999, in Honolulu, HI.

Notification for the public hearings was published in the Federal Register on September 14,
1999 (FR Vol. 64 No. 177) and in local newspapers. The hearings were conducted in accordance
with NEPA requirements and comments were recorded by a stenographer. Transcripts of the
hearings are in Appendix F, Volume 2 of the Final OEIS/EIS.

S.1.3 Draft OEISEIS Comment and Revisions

Comments on the Draft OEIS/EIS were received from over 1,000 commentors, including federal,
state, regional, and local agencies, groups and associations, and private individuas. All
comments received were categorized into one or more of 35 broad issues. These issues were
further subdivided into more specific comments/questions. Responses to these
comments/questions were then drafted and reviewed for scientific and technical accuracy and
completeness. The Navy’s responses also identify cases in which a specific comment generated a
revision to the Draft OEIS/EIS, or when the existing text of the Final OEIS/EIS is deemed an
adequate response to a comment, the appropriate chapter, subchapter, and/or appendix is
identified.

The Navy received many comments on the Draft OEIS/EIS during the 90-day public comment
period. In response to these comments, appropriate updates and revisions to the Final OEIS/EIS
have been made. However, no significant new information has been revealed since the
publication of the Draft OEIS/EIS. Portions of this Executive Summary have been revised to
reflect any changes in the main text of the Final OEIS/EIS.
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S.2 Description of Proposed Action and Alternatives

The Navy currently plans to employ up to four SURTASS LFA sonar systems in the blue areas
shown in Figure S-1. The word “employment” as used in this document means the use of
SURTASS LFA sonar during routine training and testing as well as the use of the system during
military operations. This analysis does not apply to the use of the system in armed conflict or
direct combat support operations, nor during periods of heightened threat conditions, as
determined by the National Command Authorities (President and Secretary of Defense or their
duly designated alternates or successors as assisted by the Chairman of the Joint Chiefs of Staff

[JCY)).
The proposed system is along-range, all weather sonar system that operates in the low frequency

(LF) band between 100 and 500 Hertz (Hz). It has both active and passive components. Figure S-
2 (SURTASS LFA Sonar System) illustrates the proposed system.
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Figure S-2. SURTASS LFA Sonar System.

The active component of the system, LFA, is a set of LF acoustic transmitting source elements
(called projectors) suspended by cable from underneath a ship. These projectors produce the
active sonar signal or “ping.” A "ping" or transmission can last between 6 and 100 seconds. The
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time between transmissiors is typically from 6 to 15 minutes. The average duty cycle (ratio of
sound “on” time to total time) is between 10 and 20 percent. The SURTASS LFA sonar signal is
not a continuous tone, but rather a transmission of various waveforms that vary in frequency and
duration. The duration of each continuous frequency sound transmission is never longer than 10
seconds. The signals are loud at the source, but levels diminish rapidly over the first kilometer.

The passive, or listening, component of the system is SURTASS. SURTASS detects returning
echoes from submerged objects, such as threat submarines, through the use of hydrophones on a
receiving array that is towed behind the ship. The SURTASS LFA ship maintains a minimum
speed of 5.6 kilometers (km) per hour (kph) (3 knots [kt]) through the water to tow the horizontal
line hydrophone array.

Executive Order 12114 and NEPA require the Navy to evaluate a reasonable range of
alternatives to the proposed action. The alternatives evaluated in this OEIS/EIS are the:

No Action Alternative - Operational deployment of SURTASS LFA sonar would
not occur;

Alternative 1 - (Restricted Operation - the Navy’'s preferred aternative) use of
the system would include geographic restrictions and monitoring to prevent injury
to potentially affected species (see S.4.8 below); and

Alternative 2 - (Unrestricted Operation) use of the system would involve
unlimited use of SURTASS LFA sonar worldwide, with no geographic
restrictions or monitoring required, except for the physical limitation of the
system (e.g., shallow water depth).

Although NEPA does not require detailed analysis of alternatives that do not fulfill the purpose
and meet the need of the proposed action, it does require a brief discusson of why some
alternatives were eliminated from detailed study.

The Navy evaluated and tested different detection technologies to determine which of them were
capable of meeting the U.S. need to improve detection of quieter and harder-to-find foreign
submarines at long range. The detection technologies evaluated and tested by the Navy included
radar, laser, magnetic, infrared, electronic, eectric, hydrodynamic, biologic and sonar (high-,
mid- and low frequency). Of the different technologies evaluated and tested, only LFA sonar
proved technically feasible of providing U.S. forces with reliable long-range detection of the new
generation, quieter submarines. Because the other detection technologies would not fulfill the
purpose of the action proposed, they were eliminated from further study in this OEIS/EIS.

The Navy also evaluated different ways in which LFA sonar technology could be employed,
including: 1) the number of ships that might be equipped with LFA sonar technology; 2) the
oceanic areas that would support operation of LFA sonar technology; and 3) the source levels at
which LFA sonar technology might be employed. The Navy eliminated from further evaluation
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al LFA sonar technology employment scenarios that would not fulfill the Navy's primary
objective of reliable detection of quieter and harder-to-find submarines at long range. The Navy,
therefore, has not provided detailed analysis of such alternatives as reducing the number of ships
equipped with LFA sonar technology to a number less than four, extensive additional geographic
restrictions on where LFA sonar technology may be operated, or limiting projector source levels
to below 215 dB. These alternative LFA sonar employments were eliminated from further
analysis because they would not fulfill the purpose and meet the need of the proposed action.

S.3 OEIS/EIS Charter and Team

In carrying out this OEIS/EIS process, the only directive was to obtain the most accurate
assessment of potential environmental impacts. To this end, the Navy (the lead agency) adopted
a charter made up of five basic principles for the OEIS/EIS team to follow:

Conduct studies on the potential for effects of LF sound on marine life and human
divers,

Maintain scientific rigor throughout development of the OEIS/EIS;

Use an independent scientific team to review and edit the OEIS/EIS (i.e., no Navy
approval of scientific findings -- acceptance criteria established that included the
possibility of a conclusion recommending the No Action Alternative);

Preserve an “open process’ with public engagement (e.g., outreach meetings,
SURTASS LFA research vessal cruise, 90-day comment period on the Draft
OEIS/EIS, public information meetings, and public hearings) to assure the public
that if, after completion of the OEISEIS process, SURTASS LFA sonar is
deployed, its employment would have no more than a negligible impact on any
affected marine animal stocks.; and

Ensure funding is available for scientific research to address critical data gaps and
to furnish a meaningful and understandable document to the public in a timely
manner.

The Navy used many assets to develop the OEISEIS, including the following:

SURTASS LFA Executive Board - Meetings were held on the order of every
three to four months to provide an update on the status of the OEIS/EIS process
and receive guidance; menbers included representatives from the Office of Chief
of Naval Operations (CNO), the Navy Office of General Counsel (OGC), the
Assistant Secretary of the Navy (Installations and Environment), the Commander
in Chief Pacific Fleet (CINCPACFLT), the Commander in Chief Atlantic Fleet
(CINCLANTFLT), the Commander Undersea Surveillance, ONR, and the Navy’s
Space and Naval Warfare Systems Command.
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Scientific Working Group - On the potential effects of LF sound on the marine
environment. The group members included representatives from the Office of
Naval Research (ONR), Cornell University, University of Washington, University
of California-Santa Cruz, Hubbs Sea World Research Institute, Marine Acoustics,
Inc., National Marine Fisheries Service, Naval Submarine Medical Research
Laboratory, Marine Mamma Commission, Harvard Medica School, Bodega
Marine Laboratory, and Woods Hole Oceanographic Institution. An observer
from the League for Coastal Protection represented the public environmental
community.

Scientific Research Program Scientists - Approximately 60 researchers were
involved in the Low Frequency Sound Scientific Research Program (LFS SRP) to
collect much needed data on the potential effects of LF sound on baleen whales.
These included representatives from Cornell University Bioacoustics Research
Program, Woods Hole Oceanographic Institution, Scripps Institution of
Oceanography, University of California=Santa Cruz, Bodega Bay Marine
Laboratory, Raytheon, Naval Facilities Engineering Service Center, Point Mugu
Outer Sea Test Range, Research Vessel (R/V) Cory Chouest Military
Detachment, and Marine Acoustics, Inc.

Cooperating Agency - Department of Commerce’s NOAA/NMFS/Office of
Protected Resources.

Diver Risk Analysis Team - A study to develop guidance for safe exposure
limits for recreational and commercial divers who might be exposed to LF sound.
This research was conducted by scientists from ONR and NSMRL between June
1997 and November 1998 in conjunction with scientists from University of
Rochester, Georgia Institute of Technology, Boston University, University of
Pennsylvania, Naval Medical Center San Diego, Duke University, Divers Alert
Network, and Applied Research Laboratory, University of Texas.

S.4 OEIS/EIS Analysis Process

To meet the charter requirements to study the potential effects of LF sound on marine life and
human divers scientifically, the following analytical process was utilized:

Literature review and determination of data gaps;

Scientific screening of marine animal species for potential sensitivity to LF
sound;

Scientific research on the effects of LF sound on humans in water;

Scientific research on the effects of LF sound on marine animals;

Development of a method for quantifying risk to marine mammals;
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Acoustic modeling;

Estimation of marine mammal stocks potentially affected;

Estimation of potential effects on fish and seaturtles; and

Establishment of mitigation and monitoring to minimize potential for effects to a
negligible level.

It is important to note that this analysisis applicable only to the SURTASS LFA sonar with its 6
to 100-second pulse lengths and frequencies between 100 and 500 Hz. It does not apply to other
Navy sonar systems.

S4.1 Literature Review and Determination of Data Gaps

Based on initial literature reviews, it became apparent that there were data gaps concerning the
sengitivity of marine animals to LF sound and how sounds similar to SURTASS LFA sonar
transmissions could affect them. This initial review did, however, determine that the marine
animals most likely to be affected by LF sound were the large baleen whales. Literature reviews
also revealed alack of data concerning the potential effects of LF sound on humans in the water.
Thus, the Navy undertook scientific research programs, as described in sections S.4.3 and S.4.4,
to address these data gaps.

S.4.2 Scientific Screening of Marine Animal Speciesfor Potential Sensitivity to
LF Sound

In order for marine species to be affected by the operation of the SURTASS LFA sonar:

The animal must be in the geographic area of the SURTASS LFA sonar sound
field; and

The animal must be capable of being physically affected by LF sound.

This selection rationale is demonstrated in Figure S-3 (Species Selection Rationale). The
selection started with virtually all marine animal species, including both invertebrates and
vertebrates. Based on the above criteria, this list was distilled down to five groups of vertebrates,
including sharks and rays, bony fish, whales and dolphins, seals and sea lions, and sea turtles.
Virtualy all invertebrates were eliminated from further consideration because: 1) they do not
have delicate organs or tissues whose acoustic impedance is significantly different from water,
and 2) there is no evidence of auditory capability in the frequency range used by SURTASS LFA
sonar. Cephalopods and decapods are known to have some sensitivity to LF sound, but have high
hearing thresholds (146 dB and above) in the LF range. Based on this they were aso eliminated
from further evaluation.
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S.4.3 Scientific Resear ch on the Effects of LF Sound on Humansin Water

Data regarding the effects of underwater LF sound on humans are limited. As a result, the Navy
sponsored independent scientific research to study the potential effects of LF sound on human
divers. The Navy-sponsored studies on human divers included:

Pursuant to two incidents involving LF underwater sound and human divers, tests
on Navy divers were conducted by the Applied Research Laboratory, University
of Texas, from 1993 to 1995, under direction of the Navy Submarine Medical
Research Laboratory (NSMRL). This research resulted in the establishment of a
damage risk threshold of 160 dB received level for 100 seconds or less at a 50
percent duty cycle and cumulative 15 minutes a day. The 160-dB received level
(RL) threshold was the maximum level recommended as standard guidance for
divers who were equivalent in medical health and fitness to Navy divers.

A study was conducted to develop guidance for safe exposure limits for
recreational and commercial divers who might be exposed to LF underwater
sound, such as that generated by SURTASS LFA sonar. This research was
conducted by scientists from the Office of Naval Research (ONR) and NSMRL
between June 1997 and November 1998 in conjunction with scientists from a
number of universities. Human guidelines were established based on
psychological aversion testing. NSMRL set the RL criterion for recreational and
commercial diversat 145 dB.

Based on results from this research, in conjunction with guidelines developed from
psychological aversion testing, the Navy concluded that LF sound levels at or below 145 dB
would not have an adverse effect on recreational or commercia divers. This led NSMRL to
establish a 145-dB received level (RL) criterion for recreational and commercia divers. The
Navy’s adoption of the 145-dB interim guidance is considered a conservative, protective
decision.

S.4.4 Scientific Resear ch on the Effects of LF Sound on Marine Animals

Many human activities generate loud underwater sounds, and there is a need for better methods
for measuring and estimating potentia risk. The quantitative assessment of potential risk is
complicated by the scarcity of datain several areas:

Hearing loss due to sound exposure in air is well studied in humans and some
other terrestrial animals. Data regarding underwater hearing capabilities of marine
mammals are rare and limited to a few of the smaller species that can be
conditioned for hearing tests in the laboratory.
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Knowledge of the functions of the sounds produced by most marine mammalsis
limited.

Data on the responses of marine mammals to LF sounds are limited.

These data gaps have necessitated the use of various models and extrapolations in order to
provide a rational basis for the assessment of potential risk from exposure to LF sounds. To
address some of these gaps, the Navy performed underwater acoustic modeling and supported
the Low Frequency Sound Scientific Research Program (LFS SRP) to study the potential effect
of LF sound on free-ranging marine mammals. This research did not specifically address the
issue of LF impact on marine mammal hearing; rather, it focused on the behavioral responses of
baleen whales to controlled exposure from SURTASS LFA sonar-like signals.

In general, understanding the mechanics of hearing and the biological functions of sounds for
marine mammals has improved considerably over the past decade. Specific information on the
effects of most types of human made underwater noises on marine animals is incomplete, but has
also increased in recent years. However, as the environmental evaluation of the SURTASS LFA
sonar system progressed, the Navy recognized that additional research was required in several
areas to address some basic gaps in scientific knowledge. This included development of a
scientifically reasonable estimate of the underwater sound exposure levels that may cause injury
to marine mammals and research on the potential effects of LF sound on marine mammal
behavior.

While recognizing that not all of the questions on the potential for LF sound to affect marine life
are answered, and may not be answered in the foreseeable future, the Navy has combined
scientific methodology with a prudent approach throughout this OEIS/EIS to protect the marine
environment.

Although there are recognized areas of insufficient knowledge that must be accounted for when
estimating the potential direct and indirect effects on marine life from SURTASS LFA sonar, the
present level of understanding is deemed adequate to place reasonable bounds on potential
impacts.

Use of Baleen Whales (Mysticetes) as Indicator Speciesfor Other Marine Life

The rationale for using representative species to study the potential effects of LF sound on
marine animals emerged from an extensive review in several workshops by a broad group of
interested parties: academic scientists, federa regulators, and representatives of environmental
and animal welfare groups. The outcome of these discussions concluded that baleen whales
(mysticetes) would be the focus of the three phases of the LFS SRP and indicator species for
other marine animals in the analysis of underwater acoustic impacts. Mysticetes were chosen
because: 1) they were presumed to be most sensitive to sound in the SURTASS LFA sonar
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frequency band, 2) they have protected status under law, and 3) there is prior evidence of ther
avoidance responsesto LF sounds.

Anadyses presented in this OEISEIS support the contention that mysticetes have the best LF
hearing of dl marine mammas. Studies on pdagic fish and sea turtles indicate that their LF
hearing is not as sendtive as that of baleen whaes. Deep-diving species such as sperm and
beaked whales are presumed not to have LF hearing as good as that of baeen whaes. Therefore,
al of these groups or species were consdered to be at lower risk from LF sound than baeen
whaes.

The following discusson addresses the three potentid areas of impact: injury, behaviord effects,
and masking.

S.4.4.1 Estimating the Potential for Injury to Marine Mammals

Given the lage number of marine species to be analyzed, the process used to estimate the
potentid for injury involved identifying the maine species most sendgtive to LF sound. This
andyticd concept smplified the OEISEIS andyss by producing a modd of esponse that could
be applied to other species for which data were lacking and resulted in edtimates of
environmenta impacts that would be conservative when applied to other species. It was dso an
important element in the sdlection of speciesfor the LFS SRP.

Marine mammals rely on hearing for a wide variety of critical functions. Exposure to sounds that
pemanently affect ther hearing ability poses dgnificant problems for therr survivd and
reproduction. Many human activities generate loud underwater sounds, and there is a need for
methods of estimating potentid risk. The quest for a quantitative assessment of risk potentid is
complicated by the scarcity of data noted in Subchapter S.4.4 above.

Selection of the 180-dB Criterion

Research is needed to address basc gaps in scientific knowledge on the underwater sound
exposure levels that may cause injury to marine mammas. For the purposes of the SURTASS
LFA sonar andyses presented in this OEISEIS, dl marine mammals exposed to RLs > 180 dB
are evauated asif they are injured. This determination was based on:

Edimates of the range of frequencies & which an animd’s hearing is mogt senstive and
the associated thresholds (including an examination of anatomicd modes of inner ear
function).

Extrgpolation from human exposure results. (A level of conservatism is dso inherent in

this comparison, as the risk continuum [described herein] is based on the lower limit of
potentid damage, and the human extrapolation is based on the upper level of safety.)
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Comparison to fish hearing Sudies (because the physology of inner ear har cdls is
consdered to be smilar among vertebrates, and exposure to 180 dB in water is expected
to yidd the same shear forces on the inner ears of fish, seaturtles, and marine mammals).

Recent measurements of low level temporary threshold shift (TTS) in marine mammas.

For the purposes of this document, 180-dB received levd is consdered the point aove which
some potentidly serious problems in the hearing capability of marine mammals could dat to
occur. Severa scientific and technical workshops and meetings a which the 180-dB criterion
were developed are:

High Energy Sesmic Survey (HESS) Team Workshop, Pepperdine University School of
Law, June 12-13, 1997;

Office of Navad Research Workshop on the Effects of Man-Made Noise on the Marine
Environment. Washington, DC, February 9-12, 1998; and

Nationd Marine Fisheries Service (Office of Protected Resources) Workshop on
Acoudtic Criteria, Silver Spring, MD, September 9-12, 1998.

For injury, an anima would have to be within the 180-dB sound field a the onsat of a
tranamisson, the likeihood of which is dmilar to that of a ship collison with the animd. The
probability of ether of these events occurring is nearly zero because of the visud and acoustic
monitoring that would be utilized whenever the SURTASS LFA sonar is trangmitting. See Figure
S-4 (HF/M3 Sonar Detection and LFA Mitigation Zones).

S.4.4.2 Estimating the Potential for Behavioral Effects on Marine Mammals

Marine mammads rdy on underwater hearing for a wide variety of biologicaly critica functions.
The primary concern here is that exposure to SURTASS LFA sonar sgnas could potentidly
affect ther hearing ability or modify biologicdly important behaviors. Biologicdly important
behaviors are those rdated to activities essentid to the continued existence of a species, such as
feeding, migrating, breeding and calving. An individud exposed to LF sound levels high enough
to affect its hearing ability could potentidly have reduced chances of reproduction or survivd. If
gdocks of animds are exposed to high levels that affect hearing ability, then sgnificant portions
of astock could potentialy experience lower rates of reproduction or survival.

Given that a LF sound source is loud and can be detected at moderate to low levels over large
areas of the ocean, the concern would be that large percentages of species stocks could be
exposed to moderate-to-low received sound levels. If animas are affected at these moderate-to-
low exposure levels such that they experience a dgnificant change in a biologicdly important
behavior, then such exposures could potentidly have an impact on rates of reproduction or
survival.
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Figure S-4. HF/M3 Sonar Detection and LFA Mitigation Zones.

L ow Frequency Sound Scientific Research Program

Knowing that cetacean responses to LF sound signals needed to be better defined using
controlled experiments, the Navy helped develop and supported the three-year LFS SRP
beginning in 1997. The LFS SRP was designed to supplement the limited scope of data from
previous studies. Thisfield research program was based on a systematic process for selecting the
marine mammal indicator species and field study sites, using inputs from several workshops
involving a broad group of interested parties (academic scientists, federal regulators, and
representatives of environmental and animal welfare groups). In designing the LFS SRP, the
Navy chose to minimize the potential of risk to animals that were the subject of the study by
limiting the exposure of subject animals to a maximum RL of 160 dB.

The LFS SRP produced new information about responses to LF sounds at RLs from 120 to 155

dB. The scientific research team explicitly focused on situations that promoted high RLs, but
were seldom able to achieve RLs above 155 dB due to the motion of the whales and
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maneuvering constraints of the LF source vessel. Controlled experimental tests were performed
in three phases, involving the following species and settings.

Phase |: Blue and fin whales feeding in the Southern California Bight (September
— October 1997);

Phase |1: Gray whales migrating past the central California coast (January 1998);
and

Phase I11: Humpback whales off Hawaii (February —March 1998).

Relevance of LFS SRP for Risk Assessment and Quantifying Potential Impacts to Marine
Mammals

Prior to the LFS SRP, the expectation was that whales would begin to show avoidance responses
at RLs of 120 dB. Immediately obvious avoidance responses were expected for levels >140 dB.
The LFS SRP experiments detected some short-term behavioral responses at estimated RLs
between 120 — 155 dB. In the Phase I research, avoidance responses were sometimes obvious in
the field when the LF source was in the gray whale migration path. Although severa behavioral
responses were revealed through later statistical analysis, there was no significant change in a
biologically important behavior detected in any of the three phases. Most animals that did
respond returned to normal baseline behavior within a few tens of minutes.

The modeled underwater acoustic RLs, which were calculated subsequent to the LFS SRP, have
demonstrated that the range of exposure levels for subject animals during the LFS SRP covered
an important part of the RL range that would be expected during actual SURTASS LFA sonar
operations. Thus, it follows that the scientific conclusions based on the LFS SRP research data
should encompass the majority of SURTASS LFA sonar operational scenarios.

Long Term Monitoring

Findings from the LFS SRP did not reveal any significant change in a biologically important
behavior in marine mammals, and the risk analysis estimated very low risk. However, the Navy
considers it prudent to continue monitoring for potential effects of the SURTASS LFA sonar.
This monitoring would provide additiona data to sypport the resolution of unresolved scientific
issues, and respond to anticipated Marine Mammal Protection Act (MMPA) reporting
requirements. Upon issuance of aLetter of Authorization (LOA) by NMFS under the MMPA,
the Navy would provide a detailed Long Term Monitoring (LTM) plan. The Navy’s efforts in
this regard and its stated intention to conduct LTM concurrently with the operation of SURTASS
LFA sonar will contribute to the body of scientific knowledge on the potential effects of human
made underwater LF sound on marine life.
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S.4.4.3 Masking

Masking is the concealment or screening of a sensory process. In the marine environment and the
context of this OEIS/EIS, this refers to biologically important sounds being masked, or screened,
by louder noises, or sounds within the same frequency band. With regard to masking in marine
mammals, any masking effects would be temporary and are expected to be negligible, because
the SURTASS LFA sonar bandwidth is very limited (approximately 30 Hz), signals do not
remain at asingle frequency for more than ten seconds, and the system is off at least 80 percent
of the time.

Masking effects could potentialy be significant for fish and sea turtles that have best hearing at
the same frequencies of SURTASS LFA sonar. However, given the 10-20 percent duty cycle and
maximum 100-second signal duration, masking would be temporary. Additionaly, the 30-Hz
(approximate maximum) bandwidth of SURTASS LFA sonar signals is only a small fraction of
the animal’s hearing range (most fish sounds have bandwidths >30 Hz), and the geographical
restrictions imposed on SURTASS LFA sonar operations would limit the potential for masking
of seaturtlesin the vicinity of their nesting sites.

S.4.5 Development of a Method for Quantifying Risk to Marine Mammals

In assessing the potential risk of SURTASS LFA sonar transmissions to marine mammals, two
guestions must be addressed:

How does risk vary with repeated exposure?
How does risk vary with RL?

These questions have been addressed by developing a function that trandates the history of
repeated exposures into a RL for a single exposure with a comparable risk. The measurement
parameters for determining exposure were RL in decibels, length of the signa (ping), and
number of pings received.

S.4.5.1 Variation of Risk with Repeated Exposur e (Single Ping Equivalent)

There is a very limited basis for determining the potential effects of repeated exposures for
marine mammals. It has been postulated that the risk threshold is lowered by 5 dB for every ten
fold increase in the number of sounds in the exposure, or, the single ping equivaent (SPE) level
would be:

SPE =L + 5 logio(N)

Where: L = received level in decibels
N = number of exposures
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In this process, the SPE RL would be larger than the maximum RL of any single ping in a
sequence. Also, the SPE for a sequence congsting of a single loud ping and a long series of
softer pings could be amog the same as the level of the single loud ping. For example, using the
above formula, 100 pings at 170 dB would be equivaent to one ping at 180 dB.

S.4.5.2 Variation of Risk with RL (Determination of Risk Function)

Previous studies have based the definition of biologicd risk to maine mammds on a dnge
recelved sound level threshold for individud species. For example, temporary threshold shift
(TTS) vaues have been used as a threshold. However, this gpproach sets a threshold under
which any RL vaue below the threshold is congdered isk-free, and any vaue above it has been
considered certain to cause adverse responses by marine mammals.

In contrast, the widdy adopted gpproach to assessng biologicd risk is to use a smooth,
continuous function that maps RL to risk, where risk is a probability function. Scientificaly, this
acknowledges that individud animds vary in sengtivity, so if an entire sock were exposed to a
given leve of sound, effects, if any, would be observed in a percentage of the stock rather than
the entire stock. In order to represent this probability (or risk), the function should have values
near zero a very low RLs, and vaues near onefor very high RLs.

The risk continuum, developed by marine biologists specificdly for the SURTASS LFA sonar
andlyss, estimates that 95 percent of the marine mammals exposed to a single ping at 180 dB RL
could incur a sgnificant change in a biologicaly important behavior. This is the firg of three
conservative assumptions underlying the OEISEIS risk continuum. The second assumption is
that the risk of a ggnificant change in a biologicaly important behavior could begin & 119 dB
RL. The third assumption is that the parameter of the risk continuum that controls how rapidly
risk trangtions from low to high vaues with increesng RL is set at a vaue that produced a more
gradua dope than empirica data.

S.4.6 Acoustic Modeling

After deriving population estimates from the most recent NMFS stock assessment reports and
other pertinent references, this andyss modeed the species considered to potentidly be the most
vulnerable to LF sound. Since it was infeasble to mode every potentid operating sSte in the
world, 31 acoustic modeling Stes were developed for the mgor ocean regons (North and South
Pecific oceans, Indian Ocean, North and South Atlantic oceans, and the Mediterranean Seq).
These locations, as shown in Figure S5 (Acoustic Modding Sites), represent reasonable sites for
each of the three mgor underwater sound propagation regimes where SURTASS LFA sonar
would be employed (deep-water convergence zone propagation, near surface duct propagation,
and dhdlow water bottom interaction propagation). The underlying geographic redriction
influenced the location of the gStes (i.e, SURTASS LFA sonar would not impose sound pressure
levels (SPLs) > 180 dB within 22 km [12 nm] of any coastline).
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The Navy’'s standard acoustic performance prediction transmission loss model was used to
estimate LF acoustic propagation loss (referred to as transmission loss), and, in turn, provided
these data as primary input to the Acoustic Integration Model (AIM). Next, the population
distribution, abundance, density, general movement and diving profile data of potentialy
affected marine mammals were determined for al sites and entered into AIM. AIM was then

used to simulate acoustic exposure for each sonar ping for each animal during a hypothetical
SURTASS LFA sonar mission.

Figure S-5. Acoustic Modeling Sites
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S.4.7 Estimation of Marine Mammal Stocks Potentially Affected

To edimate the percentage of marine mamma stocks potentialy affected on a yearly bass the
typicad annua operating schedule was corrdlated to the modeled stes. A conservative prediction
from the modding of the annud edimaes of percentages of marine mamma gtocks potentialy
dfected by SURTASS LFA sonar operations can be seen in Tables S1 and S-2 for the
Pacific/indian oceans and Atlantic Ocean/Mediterranean  Sea, respectivdly. Since marine
mamma stocks are reproductively isolated decreases in one stock cannot be replaced by animals
from other stocks. Therefore, to accurately assess the potentiad effect of SURTASS LFA sonar,
each stock was examined independently.

The percentages estimate the portion of the stock potentidly affected by Alternative 1 (with
geographic and monitoring mitigetion). These values were corrected to account for the
percentage of animas affected in relation to the ared s stocks.

To understand Tables S1 and S2, it is important to recognize that the marine mammas included
within such percentages would be affected only for brief periods of time, when the SURTASS
LFA sonar was operating near them and, then, only when the sonar was actudly trangmitting
(less than 20 percent of the time). The percentages given in the tables do not represent
continuous effect on animas. The annud edtimates of the percentages of marine mamma stocks
potentidly affected presented in Tables S-1 and S-2 conds modly of posshle sgnificant
changesin biologicaly important behavior with dmost no chance of injury.

Under Alternative 2, there would be no geographic redtrictions or monitoring mitigation. Two
case sudies presented in this OEISEIS demondrate that there is a potential for increased effects
without geographic redrictions and monitoring mitigation. Clearly, Alternative 1 is superior to
Alternative 2 as areduced risk selection.
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Table S-1

Annual Estimates of Percentages of Marine Mammal Stocks Potentially Affected
(Alternative 1 - With Geographic and Monitoring Mitigation, Pacific/Indian Oceans)

Stock Areas | Eastern North Pacific | Western North Pacific | South Pacific | Indian
Species
blue whale 8.36 6.27 0.32 N/M*
fin whale 1.03 1.07 (0.03)° 0.29 N/M*
sei whale N/M* N/M* 0.16 N/M*
Bryde’s whale N/M* 0.33 0.08 0.02
minke whale 0.72 1.16 N/M* N/M*
humpback whale 2.58 3.29 (0.21) 4.44 0.20
gray whale 3.43 5.30 N/M* N/M*
n. right whale 4.13 N/M™ N/M* N/M™
s. right whale N/M* N/M™ 1.38 N/M*
sperm whale 0.16 N/M™ 0.32 0.03
beaked whale 1.27 1.65 0.56 0.01
pilot whales 0.10 0.16 N/M* 0.01
pelagic dolphins 0.15 0.89 (0.01)° 0.11 0.01
N. elephant seal 12.41 N/M™ N/M* N/M*
S. elephant seal N/M™ N/M™ 0.07 N/M*
N. sea lion 9.93 0.19 N/M* N/M*
N. fur seal 0.09 5.21 N/M* N/M*
Australian fur seal N/M* N/M* 1.12 N/M*
S. American fur seal N/M* N/M™ 0.73 N/M*
1. N/M = Not Modeled. This species was not modeled in this stock area.
2. () = Annual estimate of percentages of marine mammal stocks affected by injury.
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Table S-2

Annual Estimates of Percentages of Marine Mammal Stocks Potentially Affected
(Alternative 1 - With Geographic and Monitoring Mitigation, Atlantic Ocean/Mediterranean Sea)

Stock Areas Eas;ilr;nlt\:grth Western North Atlantic | South Atlantic | Mediterranean Sea

Species

blue whale 16.39 16.06 0.85 N/M*
fin whale 0.64 1.77 0.41 7.69
sei whale 3.92 5.54 N/M* N/M*
Bryde’s whale N/M™ 0.57 0.58 N/M*
minke whale 0.46 8.08 0.28 6.75
humpback whale 3.12 7.12 1.80 N/M*
N. right whale N/M™ 2.52 N/M” N/M™
sperm whale 0.41 N/M™ N/M* 13.40
beaked whale 531 2.33 0.11 10.82
pilot whales 0.99 0.62 N/M*™ 8.62
pelagic dolphins 0.83 0.94 0.03 12.37
1. N/M = Not Modeled. This species was not modeled in this stock area.
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S.4.8 Estimation of Potential Effectson Fish and Sea Turtles
S.4.8.1 Fish

For purposes of analysis, fish were categorized into two groups -- bony fish and sharks. Direct
effects on the ears and lateral lines of fish (organs that are involved in detection of sound and
hydrodynamic stimuli) were considered. Effects on these organs could lead to temporary hearing
loss and masking of behavioraly relevant signals that could keep fish from pursuing normal
activities. Existing research on hearing responses is limited to only a few species and there are
amost no data that are useful in determining which sound pressure levels (SPLs) cause
temporary or permanent injury.

The criterion applied here for SURTASS LFA sonar is that the risk of physical harm or injury to
fish would be no greater than that for marine mammals, and this is likely to be a conservative
estimate. Therefore, a fish or shark would have to be inside the LFA mitigation zone (180-dB
sound field) during the time that the sonar was operating to possibly incur injury.

The analysis concludes that potential effects on fish, including sharks and some prey species for
marine mammals, would not be significant under either Alternative 1 or 2 due to several factors:

Small number of SURTASS LFA sonar systems to be deployed;
Geographic restrictions imposed on system employment;
Narrow bandwidth of SURTASS LFA sonar active signal (approximately 30 Hz);

Slowly moving ship, coupled with low system duty cycle, mean fishes and sea
turtles would spend less time in the LFA mitigation zone (180-dB sound field);
further, with a ship moving in two dimensions and animals moving in three
dimensions, the potential for animals being in the sonar transmit beam during the
20% (or less) time the sonar is actualy transmitting is very low; and

Small size of the LFA mitigation zone (180-dB sound field) relative to fisheries
provinces and open ocean areas. Due to the lack of more definitive data on fish
and sea turtle stock distributions in the open ocean, it is infeasible to estimate the
percentage of a stock that could be located in a SURTASS LFA sonar operations
area at a potentially vulnerable depth, during a sound transmission. Therefore, it is
assumed that the stocks are evenly distributed.
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S4.8.2 SeaTurtles

Most sea turtle species reside primarily in coastal areas and, in a geographic sense, are generally
considered to be temperate zone animals, as they are rarely found in waters with temperatures
below 16°C (61°F). Although they are thought to be capable of hearing LF sound, there is very
little information ontheir behavioral or physiological responsesto it.

The criterion applied here for SURTASS LFA sonar is the same as that for fish -- that the risk of
physical harm or injury to seaturtles would be no greater than that for marine mammals, and this
is likely to be a conservative estimate. Therefore, a sea turtle would have to be inside the LFA
mitigation zone during the time that the sonar was operating to possibly incur injury.

For Alternative 1, sea turtle encounters with SURTASS LFA sonar would be limited and not
significant due to the five factors described in S.4.8.1. Thus, it is unlikely that individual animals
or a significant portion of any sea turtle stock would experience adverse effects on movements,
migration patterns, breathing, nesting, breeding, feeding, or other norma behaviors. Any
potential effects due to masking would be minor and temporary. Moreover, given the fact that
sea turtles are comparable in size to that of a small marine mammal, the visual monitoring and
active acoustic monitoring proposed under Alternative 1 would further reduce the risk of sea
turtles encountering the SURTASS LFA sonar system.

Unlike Alternative 1, under Alternative 2 there would be no geographic restrictions or
monitoring mitigation. Alternative 2 would, therefore, likely expose a greater number of sea
turtles to higher sound levels of SURTASS LFA sonar, and would not provide information to
help improve the environmental performance of the SURTASS LFA program going forward. As
a result, the potential for harm or behavioral effects to sea turtles would be greater under
Alternative 2 than under Alternative 1. For both aternatives the potential impact due to masking
would be temporary.

S.4.9 Mitigation and Monitoring

Alternative 1 (the Navy’s preferred alternative) incorporates mitigation measures into operation
of the SURTASS LFA sonar. The objective of these mitigation measures is to avoid injury to
marine mammals and sea turtles near the SURTASS LFA sonar source and to recreational and
commercial diversin the coastal environment. This objective would be met by Navy adherence
to the following restrictions on SURTASS LFA sonar operations:

SURTASS LFA sonar-generated sound field would be below 180 dB (RL) within
22 km (12 nm) of any coastlines and in offshore areas outside this zone that have
been determined by NMFS and the Navy to be biologically important (see Figure
S-1, SURTASS LFA Sonar Potential Operating Areas);
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When in the vicinity of known recreational or commercial dive sites, SURTASS
LFA sonar would be operated such that the sound fields at those sites would not
exceed 145 dB (RL); and

SURTASS LFA sonar operators would estimate SPLs prior to and during
operations to provide the information necessary to modify operations, including
the delay or suspension of transmissions, in order not to exceed the 180-dB and
145-dB sound field criteria.

In addition, the following monitoring to prevent injury to marine animals would be required
when employing SURTASS LFA sonar:

Visual monitoring for marine mammals and sea turtles from the vessel during
daylight hours by personnel trained to detect and identify marine mammals and
seaturtles;

Passive acoustic monitoring using the low frequency SURTASS array to listen for
sounds generated by marine mammals as an indicator of their presence; and

Active acoustic monitoring using the High Frequency Marine Mammal
Monitoring (HF/M3) sonar, which is a Navy-developed, enhanced high frequency
(HF) commercia sonar, to detect, locate, and track marine mammals, and to some
extent sea turtles, that may pass close enough to the SURTASS LFA sonar's
transmit array to enter the 180-dB sound field (LFA mitigation zone).

S.5 Conclusion

In summary, under Alternative 1, the potential impact on any stock of marine mammals from
injury is considered negligible, and the effect on the stock of any marine mammal from
significant change in a biologically important behavior is considered minimal. However, because
there is some potential for incidental takes, the Navy is requesting a Letter of Authorization
(LOA) from NMFS for the taking of marine mammals incidental to the employment of
SURTASS LFA sonar during training, testing and routine military operations under the Marine
Mammal Protection Act (MMPA), and is consulting with NMFS under Section 7 of the
Endangered Species Act (ESA). NMFS considers the issuance of some small take authorizations
and MMPA LOA to be mgor federal actions. Accordingly, it has joined with the Navy as a
cooperating agency in the preparation of the OEIS/EIS to ensure that all information needed for
the NMFS permitting process has been identified in the development of this document.

Further, any momentary behavioral responses and possible indirect impacts to marine mammals
due to potential impacts on prey species are considered not to be biologically significant effects.
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Finaly, any auditory masking in mysticetes, odontocetes, or pinnipeds is not expected to be
severe and would be temporary.

Under Alternative 2, the Navy could conduct SURTASS LFA sonar operations anywhere in the
world within the system’s physical limitations (e.g., not in very shallow water). Even though
Alternative 2 is more operationally flexible and cost-effective for the Navy to implement and
operate, it is not the Navy’s preferred alternative due to its potential adverse effects to marine
animals and human divers. Its implementation would not be consistent with the CNO
commitment to the protection of the environment and good stewardship of the seas.

The No Action Alternative would avoid al environmental effects of employment of the
SURTASS LFA sonar. It does not, however, support the Navy’s stated priority ASW need for
long-range underwater threat detection. The implementation of this aternative would allow
potentially tostile submarines to clandestinely threaten U.S. Fleet units and land-based targets.
Without this long-range surveillance capability, the reaction times to enemy submarines would
be greatly reduced and the effectiveness of close-in, tactical systems to neuralize threats would
be serioudly, if not fatally, compromised.
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1 PURPOSE AND NEED I

This Overseas Environmenta Impact Statement (OEIS)/Environmenta Impact Statement (EIS) evauates
the potentid environmenta effects of employment of the Survelllance Towed Array Sensor System
(SURTASS) Low Frequency Active (LFA) sonar. The word “employment” as used in this document
meansthe use of SURTASS LFA sonar during routine training and testing aswell asthe use of the system
during military operations. This analyss does not goply to the use of the system in armed conflict or direct
combat support operations, nor during periods of heightened threat conditions, as determined by the
Nationa Command Authorities (President and Secretary of Defense or their duly designated aternates or
successors, as assisted by the Chairman of the Joint Chiefs of Staff [JCS]) (JCS, 1997).

It has been prepared by the Department of the Navy (DON) in accordance with the requirements of
Presidential Executive Order (EO) 12114 (Environmenta Effects Abroad of Mgor Federd Actions) and
the Nationd Environmental Policy Act of 1969 (NEPA). The provisions of EO 12114 apply to mgor
federd actionsthat occur or have effects outsde of U.S. territories-- the United States, itsterritories, and
possessions. The provisonsof NEPA apply to mgor federd actionsthat occur or have effectsin the United
States, its territories, and possessions. The OEIS/EIS is dso intended to augment other environmental
reviews associated with using the SURTASS LFA sonar:

Formd consultation under Section 7 of the Endangered Species Act;

Potentid issuance of authorizations to incidentdly take marine mammas pursuant to
regulations for implementing the Marine Mamma Protection Act; and

Consigtency determinations under provisions of the Coastal Zone Management Act.

The proposed action isthe U.S. Navy employment of the SURTASS LFA sonar. Asshownin Figure 1-1
(SURTASSLFA Sonar Potential Areas of Operations), this sonar system would be deployed in the non
crosshatched areas. To reduce adverse effects on the marine environment, areas would be excluded as
necessary to prevent 180-decibel (dB) sound pressureleve (SPL) or greater within 22 kilometers (km) (12
nautica miles [nm]) of land, in offshore biologicaly important areas during biologicaly important seasons
(seeFgure 1-1), and in areas necessary to prevent greater than 145-dB SPL at known recregtiona and
commercid dive Stes. The system is a long-range sonar that operatesin the low frequency band (below
1,000 Hertz [Hz]) within the frequency range of 100 to 500 Hz, that consists of both active and passive
components. Thus, detection does not rely solely on noise generated by the object to be detected. The
active array transmits a low frequency (LF) sound pulse that reflects off an object in the water, and the
reflected pulsereturnsin theform of an echo. The passve array receivesthe return echoesthrough listening
devices (hydrophones).

Purpose 1-1 and Need



Environmenta Impact Statement

fsia

\\\\\\\\\\\\\\\\\\\\\\\\\\\ W N
Antarctiea & \ Antaretiea
\\\\ EPE”ES perating Oﬁshnlrlnlnglcalhf Importantreas (outside of 12 nmor 22 ki)

Figure 1-1. SURTASS LFA Sonar Potential Areas of Operations

The purpose of the proposed action is to meet U.S. need for improved capability to detect quieter and
harder-to-find foreign submarines a long range. This cgpability would provide U.S. forces with adequate
timeto react to, and defend againgt, potentia submarine threats while remaining a safe distance beyond a
submaring' s effective wegpons range.

To meet itslong-range detection need, the Navy investigated the use of abroad spectrum of acoustic and
non-acoustic technologies to enhance antisubmarine warfare (ASW) capabilities. Of those technologies
evauated, low frequency active sonar wasthe only system capable of providinglong-rangedetection. Low
frequency active sonar is, therefore, the only available technology capable of meeting the U.S. need to
improve detection of quieter and harder-to-find foreign submarines a long range.
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Since the operation of SURTASS LFA sonar is rdated to the transmission of sound in the ocean
environment, it isimportant for the reader to have at |east an d ementary understanding of the science behind
the transmission of sound in water. A tutorid on the fundamentas of underwater sound is provided as
Appendix B to assst the reader in understanding the technica aspects of this document.

1.1 Background

Geography dictatesthat the U.S. isamaritime nation, asit sharesland borderswith only two other nations,
while the rest of the world community lies overseas. The U.S. has vitd economic, palitical, and military
interests and commitments around the globe. Recognizing this, the Nationd Military Strategy (JCS, 1995)
stated that naval forces “...ensure freedom of the seas and control strategic choke points...” The U.S.
obtains amgjority of its vital resources from oversess trade, more than 90 percent of which comesto the
U.S. viamerchant shipping. As seenin Figure 1-2 (American SeaLines of Supply), many of theU.S. sea
lines of supply lie rear or dong vital choke points. Many of these choke points (e.g., Suez and Panama
Cands, the Persan Gulf entrance, the Strait of Maacca, and the Straits of Florida) are vulnerable to
disruption by surface and submarine forces.

Figure 1-2. American Sea Lines of Supply
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1.1.1 The Submarine Threat

The number of countries operating diesd-dectric submarines continues to increase and they continue to
pose a serious threat to nava operations, in the littoral, as well as in the open ocean (Krause, 1993).
Submarines can be used to conduct a broad range of offensive and defensive missions (Nava Doctrine
Command, 1997), including:

Coastal defense;
Covert surveillance, mining, or atacking of shipping channels and maritime choke points;

Operation as a sdlf-sufficient platform that can support specia operationsforcesor attack
in forward areas (e.g., littora or "near land" areas of the world); and/or

Strategic deterrence (e.g., carrying balistic missles).

Submarines can accomplish such missons becausethey possessanumber of tectica characterigticsthat are
both dangerous and difficult to counter, including:

Stealth - asubmarineisinherently stedlthy. Thisprovidesasubmarinewith thedud tacticd
advantages of opportunity and time for planning an attack with a high probability of
SUCCESS,

L ethality - a submarine can carry highly potent armament (highly destructive torpedoes
and cruisemissiles) cgpable of inflicting serious damageto or Snking even thelargest ships,
and

Economy of For ce - asubmarinerequiresfewer operationa resourcesthan the resources
required to defend againgt it, asillugtrated by the difficultiesthat the Allied fleet experienced
during World Wer 1l in defending againgt a smal number of German U-boats in the
Atlantic.

An unfriendly nation’s aggressve use of even asingle submarine has the potentia to disrupt operations of
U.S. Nava forces and condtitutes a threat to U.S. security. The Russian Federation and the People's
Republic of China have publicly declared that the submarine is the capita ship of their navies. Many
potentia adversarid countries have essentidly done the same, including Iran and North Korea. A former
Indian Navy submarine admira has commented that devel oping nations desire submarine forces because
they are amost cost-€effective platform for the delivery of severd types of wegpons; they counter surface
forces effectivey; they are flexible, multi-mission ships, they are covert, and thus can operate with minimal
politica ramifications, and they can operate without the burden of supporting escorts (JCS, 1995).
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Submarines are ideal wegpons for states that lack, or cannot afford, the capability to assert seacontral in
their own (or others’) waterspace (Hervey, 1994). Assuch, they can operatein an opponent’ s backyard--
even in the face of determined sea control efforts, they can conduct stedlthy and intrusive operationsin

sendtive areas, and can be inserted early for a wide range of tasks with a high degree of assured

survivahility (Chapman, 1993). When equipped with mines, advanced torpedoes, and/or anti-ship, and/or
land-attack missiles, asubmarineisapotent political weapon. A diesd eectric submarine ableto penetrate
amultinationa task force s defenses could undermine efforts to manage codition paliticsin asingle srike
(Canadian Maritime Command, 1997).

The quieting of advanced nontU.S. nuclear submarines and advanced conventiona (diesdl-electric)

submarines operating on battery power isnow at parity with U.S. submarines. The U.S. no longer enjoysa
comfortable acoudtic advantage againgt the front-line submarines of some other nations. The Russan

Federation continues to build new classes of highly capable submarines and to operate its newest vessels
outside of home waters, including waters contiguous to the U.S. Chinais investing heavily in submarine
technology, including designs for nuclear attack submarines, drategic balisic missle submarines, and

advanced conventiond submarines; thelatter through the purchase of KILO-dassboasfrom Russa China
hopes to legp generations of submarine technology in its ambitious buying and building program (NRC,

1997).

The Presdent’ s National Research Council (NRC) (1997) has projected that by 2035, the U.S. may be
serioudy and competently chalenged by submarines from mgor powers (Russa and China) or from a
number of potentidly unfriendly nations. There are currently more than 150 submarines in the navies of
potentidly unfriendly countries other than Russia. Approximately 45 o these are modern, non-nuclear
boats. About 45 more are on order worldwide, principaly from German and Russan shipyards. By 2030, it
isprojected that 75 percent of the submarinesin therest of the world will have advanced capabilities, most
likdy including ar-independent propulsion (AlP) that allows 30 to 50 days of submerged operationswithout
aurfacing or snorkeling. When these units are in a defensive mode; that is, not having to travel great
distances or a high speed, they have a capability nearly equa to that of the modern nuclear submarine.
Quieting technology is expected to proliferate, which will render these submarines difficult to detect, even
with the latest ASW passive sonar equipment; and they may be armed with highly capable wegpons.

The readiness and proficiency of submarine crews in the rest of the world are improving, and ther

performance is generaly underestimated. Today, high-quality crew training is offered by the countriesthat
export these submarines. Operated competently, these submarinesare particularly difficult tofind, muchless
neutrdize,
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1.1.2 U.S. Navy’'s Antisubmarine Warfare Mission

Theincreasng modernization of theworld s submarine forces meansthat America s sealines of supply are
extremely susceptibleto reprisalsduring regiond conflicts. Inthemore unlikely case of globa conflict, these
maritime supply routes would be even more prone to attack. Thus, a critical cornerstone of the Navy's
mission to defend the United Statesis maintaining the antisubmarine warfare (ASW) capability of its Fledt.
This globd ASW capability will continue to be a requirement for the U.S. Navy far into the foreseegble
future. Critica to accomplishing this misson is detecting increasingly stedthy enemy submarines.

Theimportance of astrong U.S. globa ASW capahiility is defined in anumber of Department of Defense
(DoD) documents concerning nationa security. For example, in Directions for Defense, ASW was
designated as one of the Navy’ s core competencies by the report of the Commisson on Rolesand Missons
of the Armed Forces. Joint Vision 2010 (JCS, 1999), whichisan operationd warfighting vison fromthe
Chairman of the Joint Chiefs of Staff, presents the concepts that the Chairman views as key to achieving
future U.S. nationa security and nationa military objectives (JCS, 1999). It recognizes the importance of
“full gpectrum dominance’ -- the ability to fight and decisvely win across the full spectrum of conflict,
regardiess of battlefield conditions or the nature of the conflict.

The Department of the Navy’ s2000 Posture Statement, which discussesthe Navy' smisson, direction for
the future, and the priorities that guide decisornmaking, relates the specid concern of the warfighting
conceptsand capabilities of potentid adversaries—especidly anti-access strategies. It goesonto state that
dominance in areas such as ASW will be required to ensure control of the seas and access to the
battlespace domain under and on the sea (Department of the Navy [DON], 2000).

The Nationd Academy of Sciences (NAS) (1997) reiterates that ASW is one of the Navy’'s most
fundamenta core competencies, and it must remain so in the face of a submarine threat that will incresse
Sgnificantly—perhaps even dramatically—in the 21% century. Thisincrease, which is being fueled by the
proliferation of advanced submarine quieting, sensors, and processing techniques and technologies, could
result in the submarine becoming the dominant threat to the accomplishment of nava missons(NAS, 1997).

The 1998 ASW Focus Satement of the Chief of Nava Operations (CNO) further emphasizes the
importance of ASW inour national security and setsthe direction for operationd primacy in ASW (CNO,
1998). The statement recognizes that while the nature of the ASW threat has changed, the Navy is
committed to excdlence in this crucid mission and to the development of new technologies, coupled with
innovative operationa conceptsthat will yield adifferent gpproachto ASW. The Navy'sgod isto havethe
best-trained ASW force in the world with the right set of toolsto prevail in any type of conflict.
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SURTASSLFA sonar meets U.S. need for improved capability to detect quieter and hard-to-find foreign
submarines a long range, and provides adequate time to react to and defend againgt potentid submarine
threats. The Navy hasinvestigated the use of acoustic and non-acoudtic technologiestofill thisimmediate
need. Only low frequency active sonar wasidentified asthe system capable of providing the required long-
range detection. Thus, SURTASS LFA sonar is critical to the Navy's ASW efforts.

1.1.3 Surveillance and Detection of Submarines

Surveillance of the oceans has been the primary means of detecting enemy submarines. To accomplish this
survelllance, surface ships and submarines use the sound- based detection system called SONAR (SOund
NAvigation and Ranging) to locate enemy submarines or other underwater objects.

Passive and Active Sonar

Sonar systems can be separated into two broad categories -- active and passive. Active sonars transmit
sound energy (a "ping") and locate objects by detecting the reflection of these sound waves returning from the
objects in the form of an echo. Passive sonars listen for sound generated by possible targets.

Inthe past, passve sonarswere the dominant sensor used by the Navy for long-rangesurvellanceandinitia
classfication of enemy submarines. Passive sonars have the advantage of sllence, in that they do not emit
sound that an enemy might detect. Passive sonar was a particularly effective tool of the Navy during the
Cold War snce the submarines of the former Soviet Union were rlaively noisy and could be tracked at
long range. The U.S. developed and deployed formidable ASW systemswith highly capable passive sorer
arrays for broad survelllance of the North Atlantic and North Pacific ocean basins during this period.
Geographicdly fixed systems were known as the Sound Surveillance System (SOSUS) (Tyler, 1992);
sysems deployed on Navad ships were known as the Surveillance Towed Array Sensor System
(SURTASS).

While both these passve sensor systems performed extremely well againgt the submarinethreet of the Cold
War years, improvementsin, and wide application of, submarine“ quieting” technologiesin thelast decade
have caused a significant degradation in their detection effectiveness (Tyler, 1992). These “quieting”
technologies, which include hull coatings, sound isolation mounts, and improved propdler design, are
increasingly available to forward-fit new submarines or retrofit older submarines, particularly thosethat are
nuclear-powered (Nava Doctrine Command, 1997). In addition, the world’ sinventory of quieter diesal-
electric submarinesisincreasing.
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Other improvements in submarine technology are expected to further reduce submarine noise as well as
expand operating ranges and increase periods of submerged operations. For example, the use of air
independent propulson sysems minimizesthe need for noisy diesel engine operationsat or near the surface.
In addition, internationa submarine crewsare becomingincreasingly proficient at their jobs, adlowing themto
more intelligently evade detection when submerged.

Shortened detection ranges have been the direct result of increased difficulty in detecting submarines. With
current detection ranges in the tens of nautica miles, U.S. forces may have only minutes to respond to a
potentia submarinethreat. Thisstuationisin sgnificant contrast to the margin of safety thet wasavailablein
the 1970s when U.S. Fleet operating units were able to detect enemy submarines that were hundreds of
nautical miles digant.

Over thelast decade, Navy research and devel opment (R& D) programs have been challenged to develop
an ocean survelllance capabiility that could effectively detect the presence of quieter submarines at long
range. With such a capability, Feet units would be able to identify submarines underwater, track their
routes, predict destinations, and generdly maintain an awareness of the tactica Stuation in the ocean
environment. With the information obtained through along-range surveillance program, U.S. forceswould
regain the reaction time needed to meet potential undersea threats.

1.2 U.S. Navy Resear ch and Development I nitiative

The Navy’ s submarine detection R& D initiatives of the 1980s consdered different technologiesto achieve
the god of long-range detection of quiet submarines. One gpproach focused on the use of conventiona

(exigting) Fleet assats (ASW surface and submarine combatants and aircraft). However, thisis considered
infeasible from tacticd and economic perspectives. The use of a substantialy larger number of units may
atainaleve of wide-areacoverage, but the need identified in this OEI SEI Sisfor long-range detection. As
a reault, the use of conventiond technologies to accomplish long-range detection of submarines was
consdered infeasible from tactical and economic perspectives.

Navy R&D programs aso consdered improvement of passive sonar systems for long range detection.
However, even with incremental technologica changes, the Navy recognized that its passve sonarswould
not be sufficient to maintain or exceed the needed long-range detection advantage.

1.2.1 Non-Acoustic Alternative Underwater Detection Technologies

The Navy sudied severa nonacoustic ASW technologiesin the 1980s as potentid candidatesfor usein
detecting submarines, including radar, laser, magnetic, infrared, €ectronic, dectric, hydrodynamic, and
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biologic detection systems. Summary descriptions of these alternative detection technologiesareprovidedin
Table 1- 1. Whilethese dternative technol ogies have demondrated some utility in detecting submarines, they
cannot reliably provide U.S. forces with long-range detection (hundreds of nautical miles) and longer
reaction times due to anumber of critical factors:

Limited range of detection;

Meteorologica and oceanographic limitations;

Unique operating requirements; and/or

Requirement for the submarine to be at or near the surface for detection.

1.2.2 New Active Sonar Technology

With non-acoudtic technologies and/or improvementsin passive sonars incgpable of providing the needed
long-range detection, the Navy then focused its research and testing on the new active sonar technologies.
The focus of these efforts was to develop more comprehensive information about the acoudtic
characterigtics and long-range detection capabiilities of LF active sonar. The Navy focused itsinvestigation
on LF because it is wel established that LF sounds (below 1,000 Hz) propagate in seawater more
effectively and for longer distances than mid (1,000 to 10,000 Hz) and high frequencies (greater than
10,000 Hz). Asdiscussed above, nonacoustic technologies, improvementsin passive sonar, and mid- ad
high-frequency active sonar cannot feasibly meet long-range detection needs.

TheNavy’ sapproach to testing and devel opment of alow frequency active acoustic (LFAA) sonar system
was two-pronged and involved testing programs to address:

Critical scientific issues needing resolution before LFAA systems could be redlized; and
Design and development of a deployable LFAA system.

Because the development of an LFAA system was consdered a high nationa priority, the Navy pursued
these research effortsin pardld.
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Table 1-1

Summary of Alternative Non-Acoustic ASW Technologies

Technology

System

Detection Range

Radar

Periscope Detection Radar (PDR) uses low frequency radar to detect
submarine periscopes with a potential medium-range (tens of nautical
miles) detection capability. Because it must exploit rare opportunities when
a submarine's periscope is exposed above the water's surface, the
technology is operationally limited.

Synthetic Aperture Radar (SAR) allows for the long-range detection of
surfaced submarine wakes or periscope "feathers" from satellites and
aircraft. This system is of limited operational use because (1) the
submarine must either be underway on the surface or at periscope depth
with the periscope deployed, and (2) there must be a confluence of near-
perfect meteorological and oceanographic conditions (which rarely occur)
for the system to function.

Medium

Long

Laser

Light Detection and Ranging (LIDAR), only used from aircraft, utilizes a blue-
green laser to detect targets during the localization and attack phases of
ASW (short-range). The technology is based on a function of water clarity, a
factor that is highly variable, particularly in littoral waters.

Short

Magnetic

Magnetic Anomaly Detection (MAD) measures the magnetic anomaly
created in the earth's magnetic field by the submarine's metallic (ferrous)
materials. It is a good localization and attack sensor (short-range) exceptin
proximity to geologic features (e.g., ore deposits) or manmade iron objects
(e.g., shipwrecks) that introduce high background magnetic fields. Although
the AN/ASQ-208 digital MAD in use today is far superior to previous systems
through the elimination of metallic interference from the aircraft itself, it still
suffers from geologic noise and very short detection ranges.

Short

Infrared

Infrared Detection System (IRDS) can detect the exhaust plume from a
launched missile and provide the launch platform's location. It can also
detect the heat emitted from the snorkel of a diesel-electric submarine
charging its batteries. However, infrared detection is limited to "line-ofsight"
and, therefore, if deployed from an aircraft or surface vessel, can only
provide short- to medium-range detection.

Short to medium

Electronic

Electronic Support Measures (ESM) are passive submarine radar detection
and surveillance systems capable of medium-range detection and
classification of electronic signals transmitted from threat submarines.
However, ESM is limited operationally given that covertly operating
submarines would be unlikely to be on or near the surface and even less
likely to advertise their presence by operating their radar or transmitting with
other electronic equipment.

Medium

Electrical

Electric Field Sensors are stationary sensors that detect in situ electric field
changes caused by the movement of objects through the water. These
sensors require specialized processing to override background noise, are
costly, difficult to deploy covertly, and have very short detection ranges.

Very short
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Table 1-1 (Continued)

Summary of Alternative Non-Acoustic ASW Technologies

Technology System Detection Range

Low Light-Level TV (LLTV) cameras have proven to be marginally effective,
but only when submarines are either on the surface, at periscope depth or,
in some cases, just below the surface. Therefore, they are used for short-
range localization and attack phases of ASW operations.

Optical Short

This short- to medium-range detection alternative refers to a "hump" at the
water's surface from horizontal displacement of internal ocean waves
caused by a large, solid object (such as a submarine) moving below the
water's surface. The water “hump” can be detected from a high-resolution
satellite altimeter, although the submarine must be at a relatively shallow
depth, with the satellite almost directly overhead.

Hydrodynamic | The presence of a submarine could be inferred from a number of | Shortto medium
expendable bathythermographs (XBT). However, there must be correct
oceanographic conditions to foster internal waves; the submarine must
disturb their structure; and the ASW operator must be aware of the presence
of internal waves, be in proximity to that area, and at the same time know
that a submarine may be in the vicinity. Therefore, the opportunity for use is
low.

As the submarine travels through the water, it may disturb small
bioluminescent sea creatures, sometimes leaving a visible trail. For this
detection method to be effective, the submarine must be traveling at speeds
greater than 5.5-9.2 km/hr (3-5 knots) at or near the surface, the correct
Biologics high-density mix of bioluminescent fauna must be present near the sea | Shortto medium
surface with a low sea state, and a specialized ASW sensor platform must
be in proximity. The Navy is no longer pursuing this short- to medium-range
technology because opportunity © use this detection methodology was
extremely low.

1.2.2.1 Testing Program

In 1987, the Chief of Nava Operations initiated a testing program to more fully evauate the long-range
submarine detection capabilitiesof LFA sonar. Thistesting program concentrated itsinvestigative research
on resolving fundamenta science, engineering, and environmenta issues. Phase Oneof the program involved
deep-water teststo enhance the Navy’ sunderstanding of such issuesaslong-range propagation, aswell as
bottom, surface, and volume reverberation. These testsa so addressed i ssues such as acoustic waveforms,
advanced signa processing techniques, and low-frequency transducer (source) technology. This testing
provided the Navy with increased understanding of the acoustic characterigticsand limitations of LFA sonar
technology, and improved underwater environmenta and acoudtic propagation loss modds (hence,

increased ability to predict acoustic performance).
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1.2.2.2 SURTASSLFA Sonar Research

The Navy has developed the SURTASS LFA sonar through a systemetic research and testing program.
Theinitia phase of the program centered on fundamenta technology issues that explored basic science
guestions (such asreverberation, target strength, propagation and forward scatter), and other issuessuch as
sgnd processing and system design tradeoffs. The second phase built on the basic science, exploring new
scientific and technica issues. Thefind phase expanded the test and evaluation program to include littora
environments. During each of these phases, the Navy studied issuesrel ated to the operation of this system
effectively and efficiently in the undersea warfare (USW) environment.

The results of the SURTASS LFA sonar research program expanded the Navy's understanding of LF
sound propagation and scattering from the bottom, surface, and ocean volume. The program aso
contributed meaningful and much needed data to existing oceanographic databases. The results of these
environmenta acoudtic investigations not only directly supported upgrades of Fleet standard models and
databases, but they aso provided the basdine for SURTASS LFA sonar system performance prediction
and analys's capabilities.

1.2.2.3 Evaluation of Different LFA Sonar Configurations

After determining that LFA sonar was the only available technology capable of meeting the U.S. need to
improve detection of quieter and harder-to-find foreign submarinesat long range, the Navy then considered
the secondary question of how L FA technology could be mogt effectively and efficiently deployed. Thisled
to arangeof issues, including: 1) the number of shipsthat might be equipped with LFA sonar technology; 2)
the oceanic areas that would support operation of LFA sonar technology; and 3) the sourcelevelsat which
LFA sonar technology might be employed. The Navy's consderation of how to most effectively employ
LFA sonar technology relied extensively on the systemn design and analysis conducted during the research
program discussed above in Subchapter 1.2.2.2.

The Navy's evauation of the different ways in which LFA sonar technology could be configured and
employed, while 4ill fulfilling the Navy's need for long-range submarine detection, led to the following
conclusions. 1) four ships would need to be equipped with LFA sonar technology; 2) Navy ships would
need to be able to operate LFA sonar technology extensively at various Stes located in U.S. and
internationa waters, and 3) LFA sonar technology would need to be capable of operating at source levels
of a least 215 dB. The Navy diminated from further evauation other LFA sonar technology employment
scenariosthat did not meet these minimum requirements, because they would not satisfy the Navy’ sASW
nationa defense needs.
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1.3 Environmental Impact Analysis Process
The Navy has prepared this OEISEIS pursuant to:

Presidentid Executive Order (EO) 12114 (Environmenta Effects Abroad of Mg or Federa
Actions); and

Nationa Environmenta Policy Act of 1969 (NEPA).

TheNavy isthelead agency for the proposed action with the National Marine Fisheries Service (NMFS) of
the Department of Commerce s (DoC) Nationa Oceanic and Atmospheric Adminigiration (NOAA) acting
asacooperating agency. Cooperating agencies havejurisdiction by law or specia expertisewith respect to
certain environmental impacts from a proposed action by another agency. The provisions of EO 12114
apply to mgor federa actions that may affect the marine environment occurring beyond 22 km (12 nm)
from the U.S. shore, in the globa commons, or within the territory of a non-participating foreign
government. The provisions of NEPA gpply to mgor federa actionsthat may affect the human and naturd
environment of the U.S. and within 22 km (12 nm) from shore.

The preparation of this OEISEIS enables informed and balanced decison-making regarding the
environment and assures public participation. In addition, the OEISEIS process is coordinated with the
requirements of the Marine Mammal Protection Act and the Endangered Species Act.

1.3.1 Executive Order 12114

Executive Order 12114, sgned in January 1979, directsfederal agenciesto providefor informed decision
making for actions that have the potentid to sgnificantly harm the environment outsde U.S. territorid

waters, including the exdusive economic zone (EEZ), the globa commons, and the environment of non
participating foreign nations, or that impact protected globa resources. This order furthers the purpose of
NEPA, the Marine Protection, Research, and Sanctuaries Act, and the Deepwater Port Act. Procedures
for implementing EO 12114 have been published by the Department of Defense (DoD) a 32 Code of

Federa Regulations (CFR) Part 187. The Navy hasimplemented these proceduresthrough Chief of Naval

Operations (CNO) Instruction (OPNAVINST) 5090.1B (Environmental and Natural Resources Program
Manud), Appendix E. Actionsthat may be taken during armed conflict are an exemptionin EO 12114, s0
they are not covered in this OEISEIS.

1.3.2 National Environmental Policy Act

In 1969, the U.S. Congress passed NEPA, the nationd charter for environmenta planning. NEPA provides
for the consderation of environmentd issuesin federa agency planning and decison- making. The Council
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on Environmenta Qudity (CEQ) established guidelines for federa agency implementation of the act (40
CFR Parts 1500 to 1508). OPNAVINST 5090.1B documentsthe Navy’ sinternal operationsingtructions
on how the department implements the provisons of NEPA.

NEPA requiresfedera agenciesto prepare an El Sfor actionsthat may sgnificantly affect the qudity of the
human and natura environment. The EIS must provide full disclosure of significant environmenta impeacts
and inform decison-makers and the public of reasonable dternatives, including theNo Action Alternative.
With respect to full disclosure, the EIS mugt identify al potentid direct and indirect effectsthat are known,
and make a good faith effort to explain the effects that are not known but are * reasonably foreseegble.”

Thisincludesthe agency’ srespong bility to makeinformed judgments, and to esimatethe potentid for future
impactson that basis, especidly if trends are ascertainable. However, the agency isnot required to engage
in speculation or contempl ation about future plansthat could influencethe EIS sandysis of potentiad direct
and indirect effects.

The first step in the NEPA process is the preparation of the forma Notice of Intent (NOI) which is
published in the Federal Register (FR) and regiond and/or local newspapers. The NOI announces the
intent of an agency to prepare an EIS (Figure 1-3, The NEPA Process). In addition, the NOI providesan
overview of the proposed project and the scope of the EIS, aswell as adescription of public participation
opportunities, the schedule for public scoping meetings, and the location where written comments are
received during the scoping period. The NOI for this project was published inthe Federal Register onduly
18, 1996 (FR Val. 61 No. 139).

Scoping isan early and open process for developing the “ scope” of issuesto beaddressed inthe EIS. Itis
aso important for identifying Sgnificant or controversid issues related to a proposed action. Through the
scoping process, the public hel psdefineand prioritizeissuesand conveysthese issuesto the agency through
both ora and written comment. The period for public scoping is generdly 45 to 60 days in length. Public
scoping meetings for this project were held in August 1996.

After scoping, a Draft EIS (DEIS) is prepared. This document provides an assessment of the potentia
impactsthefederd action might have on the human or natura environment. Future environmenta conditions
with proposed action implementation are compared to current or basdline conditions. The DEIS aso
informs decison-makers and the public of reasonable aternatives that would avoid or minimize adverse
impactsor enhancethe quality of the environment. Reasonabl e dternativesincludethosethet are practica or
feasible from atechnical and economic standpoint and are based on common sense.

When adraft EIS has been completed, the U.S. Environmenta Protection Agency (USEPA) publishesa
Noticeof Availability (NOA) intheFederal Register. The NOA for this Draft OEI SEl Swaspublished on
July 30, 1999 (FR Vol. 64 No. 146). Thedraft ElSiscirculated for review and comment, typicaly over a
45-day period, to government agencies, interested private citizens, and loca organizations, andisavailable
for generd review in public libraries and other publicly
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Figure 1-3. The NEPA Process.

accessble locations. This Draft OEISEIS was made available for public comment for 90 days, with
comments accepted through October 28, 1999. Also, public meetings and hearingswere held on the Draft
OEISEIS as described in Chapter 10.

A Find EIS(FEIS) isthen prepared that incorporates, and formaly respondsto, public commentsreceived
onthe DEIS. Thisresponse can take theform of corrections of DEISdatainaccuracies, clarificationsof and
modificationsto andytica gpproaches, inclusion of additiona dataor andyses, modification of the proposed
action or dternatives, or smple acknowledgment of a comment. The preferred dternative for
implementation isidentified inthe FEIS, if it was not presented inthe DEIS. The FEISisthen circulated for
public review for 30 days.

A Record of Decison (ROD) may be issued 30 days after the FEI'S has been made available. The ROD
identifiesdl dternativesthat were conddered, specifying the“ environmentaly preferabledternaive(s)” and
the “agency’s preferred dternative” The laiter is the dterndive that the agency believes would fulfill its
gatutory misson and responsibilities, giving utmaost cond deration to economic, environmentd, technica and
other factors. The decision-maker may gpprovethe proposa evenif isnot the environmentally preferable
dternative. The ROD dso describes the public involvement and agency decision-making process, and
presents the agency’ s commitments to any mitigation measures. The action can be implemented only after
the ROD is sgned. The ROD isthen published in the Federal Register.
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1.3.3Marine Mammal Protection Act/Endangered Species Act

SURTASSLFA sonar may beemployed in areasthat areinhabited by marineanimds, including birds, fish,
sea turtles, and marine mammals. Marine mammas are protected under the provisons of the Marine
Mammd Protection Act (MMPA) within U.S. territories or on the high seas. In addition, certain species of
marine animals are listed as threstened or endangered under the Endangered Species Act (ESA).

Operation of the SURTASS LFA sonar system would introduce acoustic energy into the water that could
cause impacts to marine animas. These reactions could be as Smple as atemporary change in behavior.
However, where the sgnals have the potentid to cause harassment or injury, these disruptions could
condtitute incidenta but unintentiond “takings’ under both the ESA and MMPA.

1.3.3.1MMPA

The term “take” as defined in Section 3 (16 United States Code [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 marinemammal.” Theterm “harassment” meansany act of pursuit, torment, or annoyance that hasthe
potentid to:

Injure a marine mammd or marine mammd gock in the wild (MMPA Levd A
harassment); or

Digurb a marine mamma or marine mamma stock in the wild by causing disruption of
behaviord patterns, including, but not limited to, migration, breething, nursing, breeding,
feeding, or sheltering (MMPA Level B harassment).

If a gpecified activity will result in a amdl take of marine mammals (one thet will have no more than a
negligible impact on the affected stock), the MMPA dlows NMFS to authorize the action for a period of
five years a atime. Before NMFS can authorize such takings, however, it must publish regul ationsthat set
forth, “...(I) permissible methods of taking pursuant to such activity, and other means of effecting the least
practicable adverseimpact on such speciesor stock and itshabitat, paying particular attention to rookeries,
mating grounds, and areas of Smilar sgnificance; and (1) requirements pertaining to the monitoring of and
reporting of such taking.” Once these regulations are findized, NMFS authorizes the ectivity through a
Letter of Authorization (LOA).

NMFS congders its issuance of some smdl take regulations and MMPA LOAS to be mgor federd

actions, which require preparation of the appropriate NEPA and/or EO 12114 documentation.
Accordingly, NMFS hasj oined with the Navy as acooperating agency in thisOEISEISeffort to ensuredl
information needed for the NMFS permitting processis devel oped during this OEIS/EI'S preparation and
public review process.
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In August 1999, the Navy submitted an applicationto NM FS requesting authorization, pursuant to Section
101(1)(5)(A) of the MMPA, for the incidental taking of marine mammals. After NMFS reviewed the
gpplication, it published an Advance Notice of Proposed Rulemaking (ANPR) intheFederal Register on
October 22, 1999 (FR Vol. 64 No. 204). The draft regulations for the proposed action will be prepared
after a 30-day comment period and published in the Federal Register. A 45-day public comment period
would then follow. At the end of this comment period, NM FSwould findize and publishtheregulationsin
the Federal Register. NM FSwould then determine whether to issue a L etter of Authorization to the Navy
for the incidental taking of marine mammals associated with the employment of SURTASS LFA sonar.

1.3.3.2ESA

Section 3 of the ESA defines“take’ asto harass, pursue, hunt, shoot, wound, kill, trap, capture, or collect,
or to attempt to engage in any such conduct to species listed as threatened or endangered in 50 CFR
402.12(b). The SURTASS LFA Sonar Draft OEISEIS served as the basis for the development of the
Biologica Assessment required under Section 7 of the ESA, and upon its completion and filing with
USEPA, the Navy initiated forma consultation with NMFS. The Biologica Assessment was submitted to
NMFS on October 4, 1999 and congdtitutes the Navy’ s evaluation of the potentia effects of the proposed
action on species listed or proposed for listing under the ESA, or on critical habitat designated for such
gpecies. After review of the Biological Assessment, NMFSwill issue aBiological Opinion on the proposed
action gating that it has determined it would not be likely to jeopardize the continued existence of listed
gpeciesunder thejurisdiction of NMFSor result in the destruction or adverse modification of critica habita.

1.4 Analytical Context

In developing the framework for this OEIS/EIS, the Navy recognized that it needed to address the
following issues

Adequacy of scientific information on humean divers- Dataregarding the effects of underwater LF
sound on humans are limited. As a result of this, the Navy sponsored independent scientific
research to sudy the potentid effects of LF sound on human divers.

Adequacy of scientificinformation on marine animds- Dataregarding the effectsof underwater LF
sound on marineanimas, and in particular marinemammas, arelimited. Asaresult of thislimitation,
the Navy conducted aseries of origina scientific field research projectstoaddressthe most critical
of the data gaps regarding the potentia effects of LF sound on the behaviora responses of free-
ranging marine mammals. Thisresearch effort isreferred to asthe L ow Frequency Sound Scientific
Research Program (LFS SRP).
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Anadytica approach - Given the data limitations, it was recessary to develop a prudent and
conservative gpproach to the evauation of potentid environmenta impactsfrom SURTASSLFA
sonar. A prudent gpproach was utilized throughout this OEIS/EIS and its supporting studies.

NEPA disclosure - Under NEPA, the Navy must address the adequacy of scientific information.
CEQ regulationsimplementing NEPA offer protocols for managing stuationsinvolving incomplete
or unavailable information. The Navy’s LFS SRP studies have aready helped fill in data gapson
the potentia effects of LF sound on marine life, and the ongoing programs and research proposed
by the Navy would continueto reduce areas of incompleteinformation and provide invauable data
that are presently unavailable.

These four topics are addressed in detall in the following materid.

1.4.1 Adequacy of Scientific Information On Human Divers

The Navy sponsored research to study the potentia effects of LF sound on humans in the water. This
research was conducted by teams of independent scientists from universities and from military research
laboratories. Theresearch isdescribed below and in Subchapter 4.3.2. Based on resultsfrom thisresearch,
in conjunction with guidelines developed from psychologica averson testing, the Navy concluded thet LF
sound levels a or below 145 dB would not have an adverse effect on recreationd or commercid divers.
Thisled the Navy Submarine Medical Research Laboratory (NSMRL) to establish a 145-dB recaved leve
(RL) criterion for recreationad and commercid divers. The Navy-sponsored studies on human divers
included:

Tests on Navy divers. This research was conducted by the Applied Research Laboratory,

University of Texas, from 1993 to 1995 under the direction of NSMRL. In thisstudy, 87 subjects
(Navy divers) participated in 437 tests designed to determine the received sound level threshold
bel ow which therewas no risk of auditory damage. Thisresearch resulted in the establishment of a
damage risk threshold of 160 dB received level for 100 seconds or less at a 50 percent duty cycle
and cumulative 15 minutesaday. The 160-dB RL threshold wasthe maximum level recommended
as standard guidance for diverswho were equivalent in medical hedlth and fitnessto Navy divers.

A study to develop guidance for safe exposure limits for recregtional and commercid diverswho
might be exposed to LF sound from SURTASS LFA sonar. This research was conducted by
scientists from the Office of Naval Research (ONR) and NSMRL between June 1997 and
November 1998 in conjunction with scientists from University of Rochester, Georgia Indtitute of
Technology, Boston University, Universty of Pennsylvania, Nava Medica Center San Diego,
Duke University, Divers Alert Network, and Applied Research Laboratory, University of Texas.
This sudy, which is incorporated as Technica Report 3 to this OEISEIS, developed guidance
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criteriafor human exposure to L F sounds such as those transmitted by the SURTASS LFA sonar
system. Results were based on computer modding and animal and human studies during which
subjects were exposed to known levels of LF sound for known periods of time.

Human guidelines were established based on psychologica aversontesting. Therewasonly atwo
percent averson reaction subjectively judged as "very severe' by divers a aleve of 148 dB.
NSMRL therefore determined that scaling back theintensity by 3dB (a3 dB reduction equasas0
percent reduction in signd srength) would provide asuitable margin of safety againgt psychologica
averson for divers. Hence, NSMRL set the RL criterion for recresationd and commercid diversa
145 dB (see Appendix A).

The Navy's adoption of the 145-dB interim guidance for operation of low frequency underwater sound
sources in the presence of recregtional and commercid divers is considered a conservative, protective
decision. During operation of the SURTASS LFA sonar, the distance from the sourceto wherethe RL is
145 dB (the 145-dB sound fidd) varies from gte to Ste due to the high variability in underwater sound
propagation characterigtics and deployment protocols. The most reliable method for ensuring that the
criterion of 145 dB maximum RL ismaintained a known recregtiona and commercid divestesinvolvesthe
gpplication of validated underwater acoustic mode s of sound propagation using Ste-specific environmenta
parameters. Results provide an estimation of sound pressure level (SPL) asafunction of range and depth
for each specific site (see Subchapters 2.3.2.1 and 5.1.3).

1.4.2 Adequacy of Scientific Information on Marine Animals

Many human activities generateloud underwater sounds, and thereisan urgent need for better methodsfor
measuring and estimating potentid risk. The quantitative assessment of potentia risk is complicated by the
scarcity of datain severd aress.

Hearing loss due to sound exposure in air is well studied in humans and some other terredtria
animds. Daaregarding underwater hearing capabilities of marinemammasarerareandlimitedtoa
few of the smdler species that make convenient subjects in captivity.

Knowledge of the functions of the sounds produced by most marine mammas s limited.
Data on the responses of marine mammals to LF sounds are limited.

These data gaps have necessitated the use of various models and extragpolations in order to provide a
rationa basis for the assessment of potentid risk from exposure to LF sounds. To address some of these
gaps, the Navy performed underwater acoustic modeling and supported the LFS SRPto sudy the potentia

effect of LF sound on free-ranging marine mammals. Thisresearch did not specificaly addresstheissue of
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LF impact on marine mamma hearing; rather, it focused on the behaviora responses of baleen whalesto
controlled exposure from SURTASS LFA sonar-like sgnds.

In generd, understanding the mechanics of hearing and the biologica functions of sounds for marine
mammalshasimproved considerably over the past decade. Specific information on the effects of most types
of human-made underwater noises on marine animalsisincomplete, but has also increased in recent years.
However, as the environmenta evaluation of the SURTASS LFA sonar system progressed, the Navy
recognized that additiond research was required in severd areas to address some basic gaps in scientific
knowledge. This included development of a scientificaly reasonable estimate of the underwater sound
exposure level sthat may causeinjury to marinemammas, and research on the potential effectsof LF sound
on marine mamma behavior.

While recognizing that not dl of the questions on the potential for LF sound to affect marine life are
answered, and may not be answered in the foreseegble future, the Navy has combined scientific
methodology with a prudent gpproach throughout this OEIS/EIS to protect the marine environmen.

Although there are recognized areas of insufficient knowledge that must be accounted for when estimating
the potentid direct and indirect effects on marine life from SURTASS LFA sonar, the present levd of
understanding is deemed adequate to place reasonable bounds on potential impacts.

Use of Baleen Whales (Mysticetes) asIndicator Speciesfor Other Marine Life

Therationde for usng representative species to study the potentia effects of LF sound on marine animals
emerged from an extengive review in severa workshops by abroad group of interested parties: academic
scientists, federa regulators, and representatives of environmenta and anima welfare groups. The outcome
of these discussions concluded that baleen wha es (mysti cetes) would be the focus of thethree phases of the
LFS SRP and indicator species for other marine animas in the andysis of underwater acoustic impacts.
Mysticetes were chosen because: 1) they were presumed to be most sensitive to sound in the SURTASS
LFA sonar frequency band, 2) they have protected status under law, and 3) thereis prior evidence of their
avoidance responses to LF sounds.

The composite audiogram shown in Figure 24 (Maine Mammad Audiograms) uses measured and
edimated marine mammal hearing deta to illustrate the contention that mysticetes have the best L F hearing
of dl marinemammals. Studies on pdagic fish and seaturtlesindicate that their LF hearing isnot as senstive
asthat of baleen whales. Deep-diving species such as sperm and beaked whal es are presumed not to have
LF hearing as good as that of baleen whaes. Therefore, dl of these groups or specieswere considered to
be at lower risk from LF sound than baleen whales.

One god of identifying the species most sensitive to LF sound was to produce a model of response that
could be applied to other species for which data were lacking. This was dso an important element in the
selection of speciesfor the LFS SRP research, and was intended to produce estimates of environmentd
impact that would be conservative when applied to other pecies.
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The following discusson addresses the three potentid areas of impact: injury, behaviord effects, and
masking.

1.4.2.1 Egtimating the Potential for Injury to Marine Mammals

Marine mammals rely on hearing for a wide variety of critica functions. Exposure to sounds that
permanently affect their hearing ability poses sgnificant problemsfor the surviva and reproduction of these
animas. Many human activities generate loud underwater sounds, and there is an urgent need for methods
of estimating potentid risk. The quest for aquantitative assessment of risk potential iscomplicated by scarce
dataintwo areas. First, direct measured dataregarding underwater hearing cgpabilities of marinemammas
are generdly limited to a few of the smaler species that can be conditioned for hearing tests in the
laboratory. Second, hearing loss due to sound exposure is well studied in humans and other terrestria
animds, but datafor marine animals are sparse. These data gaps have prompted the use of various models
and extrgpolations, in order to provide arationd basis for the assessment of risk potentid.

+ Thresholds shown for Odontocetes and Pinnipeds are a composite of measured lowest
thresholds for multiple species. (Richardson, et. al., 1995b)

+ Ambient noise and sea state noise curves from Urick (1983)

+ Range for mysticete thresholds is estimated from mathematical models based on ear
anatomy or inferred from emitted sounds. (Ketten, 1994, 1998; Frankel, et. al., 1995;
Ketten pers. comm., 2000)
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Figure 1-4. Marine Mammal Audiograms
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Marine Mammal Hearing Thresholds

Assessment of potentia risk to a particular species must begin with an estimate of the range of frequencies
a whichtheanima’ shearing ismost sensitive, and the associ ated threshol ds. The range of sounds produced
by aspeciesis generaly associated with ranges of good hearing senstivity, but many species exhibit good
hearing sengtivity both above and below the frequency range of sounds they produce. Closdy related
species of smilar body Sze, vocdization range and ecologica habitat are often presumed to have smilar
hearing. Anatomica modd s of inner ear function have been used to extend the scope of limited audiometric
data (Ketten, 1992, 1994a, 1997, 1998). In Ketten's work, the resonant properties of the baslar

membrane provide cluesto the probable range of anima hearing. K etten (1998) delineates marine mammal

functiona hearing rangesinto three categories. 1) infrasonic balaenids (mysticetes) with functiona hearing
from 15 Hz to 20 kHz, good sengtivity from 20 Hz to 2 kHz, and speculated threshold of best hearing a 80
dB re 1 nPa; 2) sonicto high frequency specieswith functional hearing rangefrom 100 Hz to 100 kHz with
widdly varying pesk spectra and a minima threshold commonly at 50 dB re 1 nPa; and 3) ultrasonic
dominant species with functiona hearing range from 500 Hz to 200 kHz, good sensitivity from 16 kHz to
120 kHz, and minimd hearing threshold commonly at 40 dB re 1 nPa.

The evident difficulties of obtaining measured thresholds for Ketten's first category suggest that an
estimation based on a non-direct method of extrapolation be used. Ellison (1997) and Clark and Ellison
(2000) proposeageneral model that estimates |ower boundsfor hearing senstivity. Thisgpproach assumes
that the ambient noise of the environment, combined with generd characteristics of vertebrate hearing,
creste alimit to best hearing. More specificaly, the absol ute threshold of best hearing can be estimated as.

Best Hearing Threshold = Lowest Ambient Noise Spectra + Critical Ratio

The auditory critica ratio, measured in decibels (dB re 1 Hz) is defined by Richardson (1995b) as the
“difference [ratio] between sound power level for a barely audible tone and the spectrum leve of
background noise a nearby frequencies.” Thelogic in this gpproach isthat evolutionary pressures should
sdect for the most efficient use of the limited dynamic range experienced by the auditory mechanism. Thus,
the least detectable sound (i.e., a narrowband signd in dB re 1 nPa) in the frequency band of best hearing
should approximate the lowest background noise spectrum level (dB re 1 mPa?/Hz) in that band plus the
critica ratio at that frequency. All measured mammdian hearing systems work within ardatively narrow
range of criticd ratios, on the order of 16 to 24 dB re 1 Hz.

Validation for this gpproach comes from a comparison of measured results of best hearing thresholds for
humans and whitewhaes (beluga: Del phinapter usleucas) and their predicted thresholdsusing the ambient
noise and critical ratios method. This comparison reved ed remarkabl e concurrence between the measured
and predicted thresholds. For humans, the predi cted thresholdswere within + 5 dB of measured thresholds
in the 1 — 4 kHz frequency band. For belugas, the predicted thresholds were within + 5 dB of measured
thresholds in the 20 — 70 kHz frequency band, and tended to overestimate threshold levels.
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In order to extrapolate this approach to the baleen whales, two assumptions were made: 1) in the region
from 100 to 500 Hz, the lower bound of ambient noise spectra (absent shipping noise effects) is on the
order of 42 to 46 dB re 1 nPa’/Hz (Urick, 1983), and 2) the range of mammalian critical ratios is well
approximated by 16- 24 dB re 1 Hz. Given these assumptions, the range of expected thresholdsfor baleen
whales in the 100-500 Hz frequency band is estimated to be in the range of 58 - 70 dB re 1 nPa.

Figure 1-4 illudrates the estimated hearing range for baeen whaes from the above method as well as
mathematical modelsbased on ear anatomy or inferred from emitted sounds (K etten, 1994a, 1998; Frankel
et d., 1995; Ketten, pers. comm., 2000). Also shown in thisfigure are composites of the measured lowest
thresholds from pinniped and odontocete audiograms (Richardson, et d., 1995b), and an estimate of the
lower bound of ambient noise (Urick, 1983).

Human Hearing L oss Studies

Duetothelack of measured data, estimating the point a which marine mammal hearing lossmay occur asa
function of sound level and duration requiresextrapolation. For example, long-term hearing lossin humansis
accelerated by chronic daily 8-hour workplace exposure (over time scales on the order of tensof years) to
soundsat levelsof 85dB (A) (inair) or greater (Guide for Conservation of Hearing in Noise, American
Academy of Ophthamology and Otolaryngology, 1969; Ward, 1997). Thisresult isshown asafunction of
the expected population percentage affected after 20 years of exposurein Table 1-2. 85 dB (A) is often
cited asthelevd at which hearing loss occurs after workplace exposure over many years, even thoughiit is
actudly orly the 5" percentile point. The 50" percentile point is 20 dB higher (105 dB), and the 90"
percentile point is more than 30 dB higher (115 dB). Therefore, the utilization of 85 dB over threshold is
consarvative.

Table 1-2

Percent of Noise-Exposed Human Population Likely to Develop Hearing Handicap [due to
20 years exposure] as Distinct from Normal Loss of Hearing with Age

Exposure Level Percent Affected at Age 40
at Work in dB(A) after 20 years of exposure
80 0
85 5
95 21.4
105 49.9
115 83.9

References: Guide for Conservation of Hearing in Noise, American Academy of
Ophthalmology and Otolaryngology (1969); Ward (1997)
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The sound power reference unit dB (A) is the frequency-weighted response matching the human hearing
threshold, 0 dB (A) being the nomind threshold of best hearing in young healthy humans. It should be noted
that free-fidld human threshold measurementsfor binaurd hearing (in the best human hearing band: 400 to
8,000 Hz) vary between —10 to + 10 dB re 20 nPPa (Beranek, 1954; Harris, 1998) depending on
measurement objective and technique used.

For asafe single exposure to very intense sound, Ward (1997) has derived ardationship of maximum safe
level vs. exposure duration. Thus, levels higher than this may be viewed as potentialy harmful. Smple
recoverable temporary threshold shifts (which likely occurred at these intense levels of sound) are not
included in this damage category. The relaionship provided by Ward scales on a 10 log (duration in
seconds) bads Typicd vaues of maximum one-time safe exposure levels above anomina best hearing
threshold of 0 dB re 20 mPaare 144 dB for 1 second, 124 dB at 100 seconds, 112 dB at 20 minutes, 109
dB at 60 minutes, 106 dB a 2 hours, and 100 dB at 8 hours. If viewed as levels above best hearing
threshold, these values can be used to extrapolate and thus infer one-time RL thresholds for single safe
exposure for other species.

Ward (1997) dso introduces another base reference point of value to extrapolation issues. Thisreference
point is termed equivadent quiet (EQ) and is the level of sound to which humans can be exposed

continuoudy with no expected TTS. Thelower leve for humansis 70 dB re 20 nPafor soundslessthan an
octavein bandwidth. It isimportant to note that the value is comparable but dightly lessthan the* no effect”

level of 80 dB in Table 1-2. Aninterpretation of thiscomparisonisthat repeated but modest levelsof TTS
(occurring from exposures between 70 and 80 dB above threshold) would have no long-term hearing loss
effect. A vaue to be applied later is the difference in dB for humans between EQ and one-time safe
exposure to intense sound (i.e., 74 dB for 1 second [144 dB - 70 dB = 74 dB], 54 dB for 100 seconds
[124 dB - 70 dB = 54 dB]). See Temporary Threshold Shift (TTS) discussion below.

Selection of the 180-dB Criterion

For the purposes of the SURTASS LFA sonar analyses presented in this OEISEIS, dl marine mammas
exposed to RLs> 180 dB areevauated asif they areinjured. Thefollowing discusson addressesthe basis
for determination of thisvaue.

Extrapolation to Marine Mammals

If the "dynamic range’ between hearing threshol ds and problematic exposure levelsisthe samefor marine
mammals as for humans, this suggests that potentia hearing loss in animals with good LF hearing can be
extrapolated from the estimated thresholds shown in Figure 1-4. Selecting 60 dB re 1 nPaasthelower limit
of the estimated marine mamma threshold in the 100 to 500 Hz frequency band, the extrapolated human
datafrom Table 1-2isshownin Table 1- 3. For example, adding 60 dB to 80 dB (fromfirst linein Table 1-
2) equals 140 dB, as shown in thefirst linein Table 1-3.
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Table 1-3

Percent of Marine Mammal Population (with good LF hearing) Likely to Develop Hearing
Handicap (due to long term exposure)

Level in dB re 1 pPa
(octave band or narrower band
sounds in 100 to 500 Hz band)

Percent Population Affected
after (more than 8 hr/day)
long-term (20 yrs) exposure

140 0
145 5
155 21.4
165 49.9
175 83.9

Table 1-4 providesthe equivalent safe one-time exposure level sas afunction of duration, based ona60 dB
re 1 nPa best hearing threshold. For example, from the Ward (1997) derivation above, the typicad value
above anomina best hearing threshold of 0 dB re 20 pPais 144 dB for 1 second. Adding 60 dB to this
equals 204 dB, as shown in thefirst line of Table 1-4.

Table 1-4

Duration and Level of Safe One-Time Exposures to Narrowband Sounds in the 100 to 500
Hz Band

Signal Duration Safe One-Time Exposure Level
indB re 1 pPa
(octave band or narrower band sounds in

100 to 500 Hz band)

1 sec 204
100 sec 184
(max duration for a single SURTASS LFA sonar
ping)
20 min 172
60 min 169
2 hr 166
8 hr 160

The sdlection of 180 dB as the Single-ping criterion for the risk continuum approach isin agreement with
extrgpolation from the human exposure results. A leve of conservatism isaso inherent in this comparison,
astherisk continuum isbased on thelower limit of potential damage, and the human extrgpolation is based
on the upper level of sfety.
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Comparison to Fish Hearing Studies

Hagtings et d. (1996) studied the effects of intense sound stimulation on the ear and latera line of the oscar
fish (Astronotus ocellatus). They found that there was some damageto the sensory hair cellsof two of the
otolith organs, the lagena and utricle, when the fish were exposed to continuous underwater sound at 300
Hz and 180 dB for one hour. The interpretation of these results was that exposure to a pure tone, high
intengity sound continuoudy for one hour has the potentia to damage the ear of fish.

Other studies aso suggest that intense sound may result in limited damage to the sensory hair cdllsin the
ears of fish. Cox et a. (19863, b; 1987) exposed goldfish (Carassius auratus), afreshwater fish with
gpecialized and sengitive hearing, to pure tones at 250 and 500 Hz at 204 and 197 dB, respectively, at
durations on the order of two hours, and found some indication of har cel damage. Enger (1981)
determined that some ciliary bundles (the sensory part of the hair cell) of the inner ear of the cod (Gadus
mor hua) were destroyed when exposed to sounds at severa frequenciesfrom 50to 400 Hz at 180 dB for
1-5 hours.

Given that the physiology of inner ear hair cdlsis consdered to be smilar among vertebrates, and that
exposureto 180 dB in water isexpected to yield the same shear forces on theinner ears of fish and marine
mammals, it ssemsavaid conclusion that the sngle- ping 180-dB criterion for SURTASS LFA sonar can
be consdered to be rdatively conservative.

Galdfishinthisband have excellent underwater hearing with thresholdsin the 60 dB re 1 nParange (Offuitt,
1968). Following the extrapol ation based on Ward' s (1997) one-time exposure criteriaand usng alumped
average exposure time of two hours (106 dB from Ward [1997] derivation above) and athreshold of 60
dB, the safe limit would be predicted to be 166 dB (106 dB + 60 dB = 166 dB). Thus, the damage
appearsto have been caused by levels 14 dB and higher above an extrapol ated single continuous two- hour
ping guidance criterion (180 dB - 14 dB = 166 dB). Further extrgpolation in time would indicate that, for
the goldfish, asingle 100- second exposure level on the order of 184 dB (see Table 1-4) would have been
safe. On this basis, a 100-second duration criterion for SURTASS LFA sonar of 180 dB isconservative.

Temporary Threshold Shift (TTS)

Temporary threshold shifts(TTS) of varying degrees occur naturaly on aroutine basisin the environment of
virtudly dl animas, including humans. Asdiscussed previoudy, TTSis not necessarily harmful on alimited
bas's, however, an organism could miss important low level sgnds until its normd hearing sengtivity is
restored. Further, TTS serves as an indicator that more extensive exposure (above EQ) or significantly
louder levels may cause permanent hearing loss. This is demondrated in Tables 1-2 (humans) and 1-3
(marine mammals with good LF hearing).
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Two recent measurements of low-level TTS in marine mammas are discussed below dong with the
extrapolated relationship of these measurements to the salection of 180 dB asthe SURTASS LFA sonar
angle-ping-exposure-limit for the risk assessment.

Schlundt et d. (2000) documented temporary shiftsin underwater hearing thresholdsin trained bottlenose
dolphins (Tursiops truncatus) and white whaes (Del phinapter usleucas) after exposureto intense one-
second duration tonesat 400 Hz, and 3, 10, 20, and 75 kHz. Of primary importanceto thisdeliberation are
the L F-band tonesat 400 Hz. At thisfrequency, theresearcherswereunabletoinduce TTSin any animd at
levels up to 193 dB re 1 nPa, which was the maximum leve achievable with the equipment being used.

Thisexperiment aso provides an additiond verification point for the extragpol ation of the human data set for
hearing effects at best hearing. For both speciestested, their best hearing threshold is broadly set at about
40 to 45 dB in the 20 to 75 kHz range. In this band, TTS was reported for levels (varying sgnificantly
between individuas) from 182 to 193 dB. Applying the extragpol ated one-time safe level s above threshold
for one-second duration from Ward (1997), the result (144 dB above threshold) is 184 to 189 dB,
providing further vaidation for the extrapolation technique.

Kastak et a. (1999) documented TTS in three species of pinnipeds exposed to varying levels of octave
band noise (OBN) for periods on the order of 20 minutes. OBN center frequenciesfrom 100to 2,000 Hz
were used in these tests, and the results presented in the paper pooled the data from each exposure
frequency. The results indicate onset of TTS at mean values of 137, 150, and 148 dB re 1 nPafor the
harbor sedl, sealion and e ephant sedl, respectively, for 20- to 22- minute exposures of OBN. Because of
the pooling effect, these data al'so have variations around the mean on the order of -5 to +10 dB. As
described in the account of thetest, these level s can be considered to represent the lower leve for onset of
TTS.

Ward (1997) statesthat in humansordinary TTS(i.e,, effectslasting longer than two minutes) from narrow-
band (octave band or less) sound occurs only at exposure levels in excess of 70 dB above hearing
threshold. Due to the long exposure time of the simulus in these tests, one can infer that the EQ leve is
closaly gpproximated by the onset levels just described, adjusted for the longest duration (8 hours) in
Ward sone-time safeleve criteria The difference between 20-minuteand 8- hour exposuresis 12 dB (see
Table 1-4), thereby yielding extrapolated EQ vaues of 125dB (137 dB - 12dB = 125dB), 138 dB (150
dB - 12dB =138 dB), and 136 dB (148 dB - 12 dB = 136 dB), respectively, for the harbor sedl, sealion,
and eephant sed data. Applying the SURTASS LFA sonar 100-second EQ differentid level of 54 dB
(from the section on Human Hearing L oss Study above) to these va uesresultsin single- ping safe exposure
levelsof 179, 193, and 191 dB, respectively, for the three tested animas. Thus, a 100-second duration for
SURTASS LFA sonar of 180 dB should be considered appropriate and, based on Kastak et al. (1999)
sealion and elephant sedl data, conservative for these species at least.
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For the purposes of this document 180-dB received levd is consdered as the point above which some
potentialy serious problems in the hearing cgpability of marine mammals could art to occur. Severa
sdentific and technica workshops and meetings a which the 180-dB criterion were developed are:

High Energy Seismic Survey (HESS) Team Workshop, Pepperdine University School of Law, June
12-13, 1997 (Knastner, 1998);

Office of Nava Research Workshop on the Effects of Man-Made Noise on the Marine
Environment. Washington, DC, February 9-12, 1998 (Gisiner, 1998); and

Nationd Marine Fisheries Service (Office of Protected Resources) Workshop on Acoustic
Criteria, Silver Spring, MD, September 9-12, 1998.

1.4.2.2 Estimating the Potential for Behavioral Effect

Marine mammasrey on underwater hearing for awide variety of biologicaly critica functions. The primary
concern hereisthat exposure to SURTASS LFA sonar sgnds could potentidly affect their hearing &bility
or modify biologicaly important behaviors. Biologically important behaviors are those related to activities
essentid to the continued existence of a pecies, such as feeding, migrating, breeding and caving. An
individual exposed to LF sound levelshigh enough to affect its hearing ability could potentidly have reduced
chancesof reproduction or survivd. If socks of animasare exposed to high levelsthat affect hearing ability,
then significant portions of a stock could potentidly experience lower rates of reproduction or survival.
Given that aLF sound sourceisloud and can be detected at moderateto low levelsover large areas of the
ocean, the concern would be that large percentages of species stocks could be exposed to moderate-to-
low received sound levels. If animals are disturbed at these moderate-to-1ow exposurelevel ssuch that they
experience asgnificant changein abiologically important behavior, then such exposures could potentialy
have an impact onrates of reproduction or survival.

L ow Freguency Sound Scientific Research Program

Knowing that cetacean responses to LF sound signals needed to be better defined using controlled
experiments, the Navy hel ped devel op and supported thethree-year LFS SRPbeginningin1997. TheLFS
SRP was designed to supplement the limited scope of data from previous sudies. This field research
program was based on a systematic process for selecting the marine mammal indicator species and field
Sudy Stes, using inputs from severa workshops involving a broad group of interested parties (academic
scientigts, federa regulators, and representatives of environmenta and anima welfaregroups). Indesigning
the LFS SRP, the Navy choseto minimize the potentid of risk toanimasthat were the subject of the study
by limiting the exposure of subject animalsto amaximum RL of 160 dB.
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The LFS SRP produced new information about responsesto LF sounds at RLsfrom 120 to 155dB. The
scientific research team explicitly focused on situations that promoted high RLs, but were seldom able to
achieve RLs above 155 dB due to the motion of the whales and maneuvering condraints of the LF source
vessd. Controlled experimentd tests were performed in three phases, involving the following species and

settings:
Phase|: Blue and fin wha esfeeding in the Southern Cdifornia Bight (September — October 1997);
Phase I1: Gray whales migrating past the central Cdlifornia coast (January 1998); and
Phase 111: Humpback whales off Hawaii (February — March 1998).

Relevance of LFS SRP for Risk Assessment and Quantifying Potential Impactsto Marine
Mammals

Prior tothe LFS SRP, the expectation wasthat wha eswoul d begin to show avoidance responses at RL s of
120 dB (Mame et a., 1983, 1984). Immediately obvious avoidance responses were expected for levels
>140 dB (Richardson et a., 1995h). The LFS SRP experiments detected some short-term behaviora
responses at estimated RL s between 120 — 155 dB. In the Phase |1 research, avoidance responses were
sometimes obviousinthefied. Although severd behaviora responseswerereveded through later statistical
andysds, there was no sgnificant change in abiologically important behavior detected in any of the three
phases. Mot animals that did respond returned to norma baseline behavior within afew tens of minutes.
These scientific results support the conclusion that potentia impact on biologicaly sgnificant behaviorsis
negligible for SURTASS LFA sonar RLs <145 dB. This shifts the level of potentia concern from the
previous level of 120 dB to levels >145 dB.

The modeled underwater acoustic RLs (Acoustic Integration Modd [AIM] analyses results) presented in

Subchapter 4.2 of this OEIS/EIS, which were calculated subsequent to the LFS SRP, suggest that the
range of exposurelevelsfor subject animasduring the L FS SRP covered an important part of the RL range
that would be expected during actual SURTASS LFA sonar operations. The data presented as Figures 1-

5athrough 1-5c¢ (Modeled Recelved Levelsvs. Percentage of Modeled Pings[from AIM Aggregate Data
Results] and Probability of Risk (For All Mydticetes, Odontocetes, Pinnipeds [31 sited)) illustrate that the
preponderance of al modeled RLs fal below the 155 dB leve, which is within the range of exposures
studied during the LFS SRP. Thus, it follows that the scientific conclusion based on the LFS SRP research
data should encompass the mgjority of SURTASS LFA sonar operational scenarios.
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Figure 1-5a. Modeled Received Levels vs. Percentage of Modeled Pings (from AIM Aggregate Data
Results) and Probability of Risk (For All Mysticetes [31 Sites])
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Figure 1-5b. Modeled Received Levels vs. Percentage of Modeled Pings (from AIM Aggregate Data
Results) and Probability of Risk (For All Odontocetes [31 Sites])
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Figure 1-5c. Modeled Received Levels vs. Percentage of Modeled Pings (from AIM Aggregate Data
Results) and Probability of Risk (For All Pinnipeds [31 Sites])

Long Term Monitoring

Findings from the LFS SRP did not reved any sgnificant change in a biologicaly important behavior in
marine mammals, and therisk analysis estimated very low risk. However, the Navy considersit prudent to
continue monitoring for potentid effects of the SURTASS LFA sonar. This monitoring would provide
additiona datato support the resol ution of unresolved scientific issues, and respond to anticipated MM PA
reporting requirements. Upon issuance of an LOA by NMFSunder theMMPA, the Navy would providea
Long Term Monitoring (LTM) plan.

The Navy's effortsin this regard and its stated intention to conduct LTM (Subchapter 2.4) concurrently
with the operation of SURTASS LFA sonar will contribute to the body of scientific knowledge on the
potentia effects of humanmade underwater LF sound on marine life,

1.4.2.3 Masking
Masking is the concealment or screening of a sensory process. I1n the marine environment and the

context of this OEISEIS, this refers to biologically important sounds being masked, or screened, by
louder noises, or sounds within the same frequency band.
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Masking in fish stocks are discussed in Subchapter 4.1.1.1 (Fish Stocks). Existing evidence supportsthe
hypothesis that masking effects could potentidly be significant for fish that have best hearing at the same
frequencies of SURTASS LFA sonar. However, given the 10-20 percent duty cycle and maximum 100-
second signd duration, masking would be temporary. Additionaly, the 30-Hz (gpproximate maximum)
bandwidth of SURTASSLFA sonar signadsisonly asmdl fraction of theanima’ shearing range—mogt fish
sounds have bandwidths >30 Hz.

Masking in shark stocks is discussed in Subchapter 4.1.1.2 (Shark Stocks). As in bony fishes, masking
effects would be most sgnificant for shark species with critical bandwidths at the same frequencies as
SURTASS LFA sonar. However, the low duty cycle and maximum 100-second signd transmission
window, would lead to only temporary masking, since the intermittent nature of the sgna reduces the
potentia impact. Although long-term effects of masking sounds on sharks have not been studied, theseare
not expected to be severe because of thelimited SURTASS LFA sonar bandwidth (approximate maximum
of 30 Hz), and the fact that the Sgnas do not remain a a single frequency for more than ten seconds.

Masking in seaturtle stocksisdiscussed in Subchapter 4.1.2 (Sea Turtles). For seaturtles, masking effects
are potentialy significant for those speciesthat have critica hearing bandwidthsin the same frequencies as
SURTASS LFA sonar. However, masking of this nature would be temporary for the reasons cited above,
and d 5o because the geographica redtrictionsimposed on SURTASS LFA sonar operationswould limit the
potentid for masking of seaturtlesin the vicinity of their nesting sites.

Asdiscussed in Subchapter 4.2.7.7 (Potentia for Masking) with regard to masking in marine mammals, any
masking effectswould betemporary and are expected to be negligible, becausethe SURTASS LFA sonar
bandwidth is very limited (gpproximatdy 30 Hz), sgnadsdo not remain at asingle frequency for morethan
ten seconds, and the system is off at least 80 percent of the time.

1.4.3 Analytical Approach

The underwater acoustic andyses described in Chapter 4 incorporate many biologicd and physica
parameters. These parameters dlow many Situations to be modeled within a common framework. When
scientific experts selected the vaues for these parameters, the best scientific and technical data and
information were used, with the goa of selecting the most likely vaue for each parameter. Each judgment
was, however, intentiondly tempered by a conservative bias.

Thecumulative effect of aseriesof modestly conservative choicesresultsinasubstantial conservativebiasin
the overdl resultsand percentage of marinemamma stocks potentialy affected. For example, supposeten
choices were made, each having a 60 percent chance of being conservative. Next, suppose the model
results could be considered correct if at least haf of these decisions were correct. The result is a greater
than 80 percent chance that the modd would be considered correct. This caculation follows from the
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cumulaive binomid distribution (Dixon and Massey, 1969; Zar, 1996); Smilar consderations hold for the
AIM modd structure (Subchapter 4.2.2.2) and risk continuum (Subchapter 4.2.5).

This should be contrasted with an approach that would have sdected extremely conservative vaues for
each parameter, thereby representing upper bounds of risk contributed by each factor. The collective effect
of thisaternative strategy would have been amodel that radicaly exaggerated risk by orders of magnitude
(10 to 100 times). The OEIS/EIS sought a more redlistic scenario, which would reveal conservative but
plausible risk estimates, by incorporating a consstent moderately conservative bias.

Conservative Assumptionsin Research and Modeling

Where necessary, the analysisrelies on conservative procedures and assumptionsin research and modding
that were independently developed by the scientific team:

Human Diver Hearing: The comprehensive study conducted by ONR and NSMRL between
June 1997 and November 1998 in conjunction with a consortium of universty and military

laboratories (see TR 3) concluded that the maximum intengity used during testing (157 dB RL) did
not produce evidence of physiologica damage in human subjects. Furthermore, there was only a
two percent aversion reaction subjectively reported as "very severe' by divers at 148 dB RL.

NSMRL adopted avery conservative gpproach and determined that scaling back theintensity by 3
dB (which equatesto a 50 percent reduction in Sgna strength) would provide a suitable margin of
safety for commercia and recreationa divers. Hence, operation of SURTASSLFA sonar systems
would be regtricted to 145 dB in known areas of recrestional and commercia diving.

Diver 145-dB Geographic Restrictions Not Included in Modeling: In order to facilitate the
modeling of potentid impacts to marine mammals, the geographic redriction of 145 dB for
recregtional and commercid dive Stes was not included in the AIM analyss. For regions with
known recreationd and commercid dive Stes (predominantly coagtd), thisis more restrictive, in
that its application overrides the 180-dB redtriction, usudly requiring the SURTASS LFA sonar
vess to operate farther offshore.

Use of Baleen Whales as Indicator Species: As described in Subchapters 1.4.1.1 and 4.2,
baleen whales (mysticetes) were selected, after review by an independent, broad group of
interested parties, asthe marine animalsmost at risk. Baleen whaeswere used asindicator species
for other marine animals in these studies because they are the animds that are the most likely to
have the greatest sengtivity to LF sound, have protected status, and have shown avoidance
responses to LF sounds.
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Site Selection: For theacoustic modding, locations covering the mgjor ocean regions of theworld
were carefully selected to represent reasonable SURTASS LFA sonar employment. Sites were
selected to modd the highest potentia for effects from the use of SURTASS LFA sonar, and
incorporated the following factors:

- Closest operationdly plausble proximity to land (from a SURTASS LFA sonar
operations standpoint), where biodiversities are high, and/or offshore biologically
important areas are present (particularly for animals most likely to be affected);

- Acoudtic propagation conditions that adlow minimum propaggtion loss or
transmission loss (TL) (i.e., longest acoustic transmisson ranges); and

- Time of year sdlected for maximum anima abundance.

Use of 180-dB Criterion: For the purposes of the SURTASS LFA sonar analyses presented in
this OEISEIS, dl marine animas exposed to RLs> 180 dB are evaluated asif they areinjured. A
sngle-ping RL of 180 dB was assumed for the modding; thislevel is consdered conservetive, as
detalled herein.

Risk Trangtion: The parameter of therisk continuum (for SURTASS LFA sonar) that controls
how rapidly risk trangtions from low to high vaues with increesng RL was set a a vaue that
produced acurve with amore gradud trangition than curves devel oped by the analyses of migratory
gray whae studies of Mame et al. (1984). The choice of amore gradua dopethan the empirical

datawas cons stent with other decisonsto make conservative assumptionswhen extrapol ating from
other data sets.

Risk Threshold: Theassumption that risk (for SURTASS LFA sonar) could beginat 119dB isa
practica gpproximation of the RL below which the risk of a Sgnificant change in abiologicaly
important behavior gpproaches zero. In dl three phases of the LFS SRP, most animasshowed little
to no response to SURTASS LFA sonar sgnadsa RLs up to 155 dB, and those individuals that
did show a response resumed normd activities within tens of minutes.

Cumulative Exposure: Another conservative assumption involved the potentia effects of
cumulative exposure. The andys's assumed that the Sngle-ping equivaent (SPE) level scaled in
accordance with previousstudies of TTSthat dedlt with continuous sound, even though SURTASS
LFA sonar pings would be separated by 6 to 15 minutes of sllence. The 20 percent (maximum)
duty cyce of SURTASSLFA sonar transmissonsimpliesthat any cumulative exposurewould be
less than that for continuous sounds.

Number of Marine Mammals Potentially Affected: The acougtic modding smulations
incorporated conservative assumptions regarding the fraction of the regiona stock in the area
potentialy affected by the hypotheticd SURTASSLFA sonar operation and their anima movement
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patterns. Scientific data are typically reported with 95 percent confidence intervals. However, in
order to run the acoustic modd, an exact number of animas must be specified. Therefore, the
upper end of the 95 percent confidence interval was used for stock densities and abundances.

1.4.4 NEPA Disclosure

Asprevioudy gated, thereare, and may awaysbe, scientific datagaps regarding the potentid for effectsof

LF sound on marinelife. However, NEPA does provide guidancefor how to proceed under situationswith
incomplete or unavailable information: CEQ regulations (40 CFR 1502.22) indicate that when an agency is
eva uating reasonably foreseeable Sgnificant adverse effects on the human environment in an EISand there
isincomplete or unavailadleinformation, the agency shal dwaysmake dlear that suchinformationislacking.
Theterm “incomplete information” refersto information that the agency cannot obtain because the overal

costs of doing so are exorbitant. The term *unavallable information” refers to information that cannot be
obtained because the means to obtain it are unknown.

The regulations further state that () if the incomplete information relevant to reasonably foreseesble
sgnificant adverse impacts is essentid to a reasoned choice among dternatives and the overdl costs of
obtaining it are not exorbitant, the agency shdl includetheinformationinthe EIS, and (b) if theinformation
relevant to reasonably foreseeable significant adverseimpacts cannot be obtained because the overdl costs
of obtaining it are exorbitant or the meansto obtainit are not known, the agency shdl includewithinthe EIS.

A gatement that such information isincomplete or unavailable.

Discussions of information gaps occur throughout this document, but are particularly discussed in
Subchapter 1.4.1, Adequacy of Scientific Information on Human Divers and Subchapter 1.4.2,
Adequeacy of Scientific Information on Marine Animas. The Navy has, however, endeavored to
supply missing information by conducting origind research and modeling. The LFS SRP and human
diver sudies have contributed sgnificantly to addressing the data gaps.

A gatement of the relevance of the incomplete or unavailableinformation to eva uating reasonably
foreseeable significant adverse impacts on the human environment.

With regard to incomplete and unavail able information, “ reasonably foreseegble Sgnificant adverse
impacts’ includes impacts that have catastrophic consequences, even if their probability of
occurrence is low, provided that the analyss of the impacts is supported by credible scientific
evidence, is not based on pure conjecture, and iswithin the “rule of reason.” That is, agencies are
not required to discuss “remote and highly speculative consequences.”
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The relevance of incomplete information in evauating reasonably foreseeable sgnificant adverse
impects from employment of SURTASS LFA sonar on the human environment is deemed
moderate. The Navy has undertaken a reasonable search for relevant, current information
associated with identified potentid effects, and this OEIS/EI'S contains athorough discussion of the
sgnificant aspects of the probable environmenta consegquences of employment of the SURTASS
LFA sonar system.

A summary of exiding credible scientific evidence that is rdevant to evauaing the reasonably
foreseeable sgnificant adverse impacts on the human environment.

Summaries of such evidence are provided throughout this OEISEIS, notably in Chapter 4andin
the discussions on the LFS SRP.

The agency’ sevaluation of such impacts, based upon theoretica approaches or research methods
generaly accepted in the scientific community.

As demondirated in this document, not only did the Navy base evaluation of potential impactson
the exigting, limited data and use generdly accepted gpproaches and methods in doing so, but it
aso conducted origind research to address many of the data gaps. For instance, the Navy
developed the risk continuum analysis (Subchapter 4.2.5) and used acoustic modeling; prepared
and executed the LFS SRP (Subchapter 4.2.4, TR 1); prepared and performed studies on human
divers (Subchapter 4.3.2.1, TR 3); and has proposed a Long Term Monitoring Program
(Subchapter 2.4) that includes further scientific research, which has the additiona benefit of the
potentid for collaboration with other members of the scientific community.

Precedentsfor Proceeding with the Proposed Action

Asdtated throughout this section, and the OEI SEIS asawhole, there are data gapsin what isknown about
the potentia for effects on marine life from LF sound. Thislack of information has been dedlt with in many
way's, including thorough origind research, review of theliterature, and proposed long term monitoring and
research. The limited amount of data on LF sound and marine life is a result, in part, of the difficulties
inherent in sudying large animads and the unique qudlities of the ocean environment.

Precedents for proceeding with the proposed action under these circumstances have been provided by
rulings on NEPA documentation, including “frontiers of science” issues for impact analysis.
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For instance, in a1983 Supreme Court decision (on Baltimore Gas & Electric Co. v. Natural Resources
Defense Council, 475 U.S. 87), the Court ruled on an EIS where the Nuclear Regulatory Commission
(NRC) choseto analyze the most probable long-term waste disposal method and then estimate itsimpacts
consarvatively, based on the best available information and analyss. The NEPA document contained an
expang ve discussion of the uncertainties and used known datato extrapol ate and identify impacts, resulting
inacalculation of resulting consequences. The Court found the approach used by the NRC to bewithin the
reslm of “ reasoned decision making required by the Administrative Procedures Act.” The Court stated that
its standard when reviewing was to determine whether the NRC “ has considered the relevant factors and
articulated arationa connection between the facts found and the choices made.”

Further, the Court ingructed those conducting review to remember tha “...a reviewing court must
remember that the NRC ismaking predictions, withinitsareaof expertise, a thefrontiersof science. When
examining thiskind of scientific determination, as opposed to smplefindings of fact, areviewing court must
generdly be a its most deferentid” (Baltimore Gas a 103, relying on Industrial Union Department v.
American Petroleum Institute, 448 US 607) (1980). It is noted here that the development of this
OEISEIS and its rdated ressarch made extensve utilization of professond marine biologids,
bioacoudticians, environmenta physiologists, sensory psychologists, and underwater acoudticsexperts. The
following academic indtitutions and scientific organizationswereinvolved in the production of thisOEISEIS.
Cornell University (Bioacoustics Research Program), Woods Hole Oceanographic Indtitution, University of
Cdifornia- Santa Cruz, BodegaBay Marine Laboratory, Universty of Miami (Rosengtell School of Marine
Sciences), University of Maryland (Department of Biology), Hubbs Seaworld Research Inditute, University
of Washington, Universty of Pennsylvania, University of Rochester, University of West Horida, Georgia
Ingtitute of Technology, Duke University, Nationd MarineMamma Laboratory, Nationd Marine Fisheries
Sarvice, Universty of Hawali, MarineMamma Commisson, Officeof Nava Research, and North Cardlina
State University (Department of Marine, Earth and Atmospheric Sciences).

For thisOEISEIS, the Navy, asin the case cited above, estimated its potentia for impacts conservatively,
based upon the best availableinformation and analys's; included an extended discussion of the uncertainties;
used known datato extrapol ate and identify impactsto ca culate resulting consequences; and considered the
relevant factors and articulated a rational connection between the facts found and the choices made.
Moreover, the Navy also went beyond such extrapolation and calculation, supporting the design and
preparation of origina research reports. In addition the Navy proposesal.ong Term Monitoring Program
that will continue to address many of the data gaps. The data produced by this origina research has
contributed, and will contribute consderably to the body of knowledge in the area of LF sound and the
marine environment. In fact, therewill be opportunitiesfor collaboration among the Navy and researchers
from other government, academic, and private laboratories and industries.

After having given exhaugtive congderation to the Sate of the research, consulted with expertsin thefield,
and conducted origina studies, the Navy has satisfied NEPA requirements regarding incomplete and/or
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unavailable information. The Navy has made every effort to supply information whereit waslacking in the
literature. Although there are, and may adways be, data gaps, courts have ruled that proceeding with a
proposed action under such circumstances is acceptable and perhaps even unavoidable.

For ingtance, the D.C. Circuit, in Scientists Institute for Public Information Inc. v. Atomic Energy
Commission, 481 F. 2d 1079, stated that “NEPA’ s requirement that the agency describe the antici pated
environmentd effects of aproposed action is subject to arule of reason. The agency need not foresee the
unforeseeable, but by the same token, neither can it avoid drafting an impact statement Smply because
describing the environmental effectsof the dternativesto aparticuar agency action involves somedegree of
forecagting.”

Perhaps, however, themost definitive statement for proceeding with the proposed action comesfrom the 9™
Circuit (in Jicarilla Apache Tribe of Indians v. Morton, 471 F. 2d 1275) in the context of what NEPA
requires insofar as andlyzing al possible scientificaly based environmentd effects

“If we were to impose arequirement that an impact statement can never be prepared until al reevant
environmenta effects were known, it is doubtful that any project could ever be initiated.”
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2 DESCRIPTION OF THE PROPOSED ACTION AND

ALTERNATIVES

This chapter provides a description of SURTASS LFA sonar technology and the alternatives
being considered for its employment, including the No Action Alternative. The proposed action
is Navy employment of up to four SURTASS LFA sonar systems. This dhapter provides a
description of the preferred alternative and alternatives to it, including the No Action Alternative
and unrestricted operation in the active mode.

2.1 SURTASS L FA Sonar Technology

SURTASS LFA sonar is a long-range, al-weather sonar system that operates in the LF band
(below 1,000 Hz) within the frequency range of 100 to 500 Hz, and is composed of both active
and passive components (Figure 2-1, SURTASS LFA Sonar System).

= & o= = = a2 m o= om E

Passive Receive Amay

e )J))))))))DD

Not to Scale

Target

Figure 2-1. SURTASS LFA Sonar System
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SONAR is an acronym for SOund NAvigation and Ranging, and its definition includes any
system that uses underwater sound, or acoustics, for observations and communications. Sonar
systems are used for many purposes, ranging from “fish finders’ to military ASW systems for
detection and classification of submarines. There are two broad types of sonar:

Passive sonar detects the sound created by an object (source) in the water. Thisis a
one-way transmission of sound waves traveling through the water from the source to
the receiver and is basically the same as people hearing sounds that are created by
another source and transmitted through the air to the ear.

Active sonar detects objects by creating a sound pulse, or “ping,” that is transmitted
through the water and reflects off the target, returning in the form of an echo. Thisis
a two-way transmission (source to reflector to receiver). Some marine mammals
locate prey and navigate utilizing this form of echolocation.

2.1.1 Active System Component

The active component of the SURTASS LFA system, LFA, is an augmentation to the passive
detection system, and is planned for use when passive system performance is inadequate. LFA is
a set of acoustic transmitting source elements suspended by cable from underneath a ship (such
as the Research Vessel [R/V] Cory Chouest shown in Photograph 21). These elements, called
projectors, are devices that produce the active sound pulse, or ping. (The projectors are shown
above deck on the R/V Cory Chouest in Photograph 2-2.)

Photograph 2-1. R/V Cory Chouest
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Photograph 2-2. SURTASS LFA Projectors

The projectors transform electrical energy to mechanical energy that set up vibrations or pressure
disturbances within the water to produce a ping. This is analogous to a stereo speaker or the
earpiece in a telephone handset. The characteristics and operating features of the active
component (LFA) are:

The source is a vertical line array (VLA) of up to 18 source projectors suspended
below the vessel. LFA’s transmitted beam is omnidirectional (360 degrees) in the
horizontal (nominal depth of the center of the array is 122 m [400 ft]), with a narrow
vertical beamwidth that can be steered above or below the horizontal .

The source frequency is between 100 and 500 Hz (the LFA system’s physical design
does not alow for transmissions below 100 Hz). A variety of signal types can be
used, including continuous wave (CW) and frequency-modulated (FM) signals.
Signal bandwidth is approximately 30 Hz.

The source level (SL) of an individual source projector of the SURTASS LFA sonar
array is approximately 215 dB. The sound field of the array can never be higher than
the SL of an individual source projector.
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The typical LFA signal is not a constant tone, but rather a transmission of various
waveforms that vary in frequency and duration. A complete sequence of sound
transmissionsisreferred to asa“ping” and lasts between 6 and 100 seconds although
the duration of each continuous frequency sound transmission is never longer than 10
seconds. Figure 2-2 (Comparison of Humpback Whale and SURTASS LFA Sonar
Signals) compares an LFA signal with that of a humpback whale. The former is a
typical humpback whale song that can be heard in their low-latitude breeding grounds
(i.e,, Hawaiian Idands). The latter is an LFA sonar-generated FM sweep. This
illustrates that both signals are within the same frequency band and have similar ping
durations (e.g., humpbacks 12-25 seconds and SURTASS LFA sonar 22 seconds).
However, individual sound transmissions are dissimilar (e.g., humpbacks 1-2 seconds
long and SURTASS LFA sonar 8 seconds long) and bandwidths are different (e.g.,
humpbacks 150-250 Hz and SURTASS LFA sonar approximately 30 Hz).

Average duty cycle (ratio of sound “on” time to total time) is less than 20 percent (20
percent is the maximum physical limit of the LFA system). The typical duty cycleis
between 10 and 20 percent.

The time between pingsis typicaly from 6 to 15 minutes.
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Figure 2-2. Comparison of Humpback Whale and SURTASS LFA Sonar Signatures
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Frequency

Sound travels through water as a wave of pressure disturbances propagating through the medium (water). Compressing and
relaxing the medium creates pressure disturbances. These disturbances are measured by their number within a given period of
time. Frequency, therefore, is defined as the rate of disturbance or vibration, measured in cycles per second. Cycles per second are
routinely referred to as the unit of measure of Hertz (Hz). 1000 Hz is usually referred to as 1 kilohertz (kHz). For the purposes of this
report, frequency will be characterized in general terms as low, mid, or high. The Navy categorizes these as follows:

Low frequency (LF) sound is below 1000 Hz. Typical underwater LF sounds are the noise made by large ships as well as the
vocalizations of a variety of marine animals (see Tables 3.2-3 through 3.2-6). To the human ear in air, 262 Hz sounds like middle C
on the music scale (Richardson et al., 1995b). SURTASS LFA sonar transmits sound into the ocean between 100 and 500 Hz.

Mid frequency (MF) sound is 1,000-10,000 Hz. Underwater MF sounds are typically created by marine mammals (primarily
odontocetes), precipitation, and ASW tactical sonar.

High frequency (HF) sound is above 10,000 Hz. Underwater HF sounds include those produced by snapping shrimp, echolocation
of marine mammals, fishfinder sonars, ship echo sounders (depth finders), and side-scan sonars.

Sonar Performance Parameters
In order to understand the operation of SURTASS LFA sonar, certain operational parameters need to be defined:

Sound Intensity: Sound measurements can be expressed in two forms: intensity and pressure. The intensity of the sound is the
average rate of energy transmitted through a unit area in a specified direction, expressed in watts per square meter (W/nv).
Acoustic intensity is rarely measured directly. Instead, when acousticians refer to intensities or powers, they derive it from ratios of
pressures. To present sound measurements as ratios of pressures that can be compared to one another, a standard reference
pressure needs to be used in the denominator of the ratio. The American National Standard and the international (metric) standard
is to use 1 microPascal (uPa) as the reference pressure for underwater sound and 20 pPa as the reference pressure for airborne
sound. Once a reference pressure is chosen, a means of relating different pressure ratios to each other is needed. Since our ears
respond logarithmically when judging the relative loudness of two sounds, acousticians adopted a logarithmic scale for sound
intensities and denoted the scale in decibels (dB). All decibel measurements state the ratio between a measured pressure value and
a reference pressure value. The logarithmic nature of the scale means that each 10 dB increase is a ten-fold increase in power; e.g.,
20 dB is a 100-fold increase, 30 dB is a 1,000-fold increase. Humans perceive a10 dB increase in noise as a doubling of sound
level, or a 10 dB decrease in noise as a halving of sound level. The phrase “sound pressure level” implies a decibel measure and
that a reference pressure has been used as the denominator of the ratio. Comparing decibel values for various noise sources must
be done carefully, since those values do not always represent equivalent information. For example, spectral values represent the
power levels within one-Hertz “slices” whereas broadband levels are the total power over a specified bandwidth or portion of the
spectrum emitted by a sound source.

Duty Cycle: Duty cycle is the ratio of the time the sound is being transmitted over the single ping cycle, measured in percentage.
Ping cycle is equal to the ping duration followed by the period of no active transmissions. In other words, it is the percentage of time
that the sound transmitter is on.

Source Level: Source level (SL) is a term for describing the level of the sound produced at the source itself. The standard distance
for making this assessment is 1 meter from the source. The term for a source level measurement therefore includes the additional
descriptor of the range at which the loudness level was measured. The dB units for SL are therefore given as dBre 1 nPaat1 m
(root mean squared [rms]).

Propagation Loss/Transmission Loss: As the pressure wave, or sound, travels through the water, the associated wavefront
diminishes due to the spreading of the sound over an increasingly larger volume and the absorption of some of the energy by
seawater. These losses are called propagation or transmission losses (TL). Because TL is based on a ratio of sound level at one
location to sound level at another location, it is a pure number and has no units. In the decibel regime, TL is simply described as the
dB difference between two points, no reference is necessary.

Received Level: The received level (RL) is simply the level of sound that arrives at the receiver, or listening device (hydrophone).
Put simply, the received level is the source level minus the transmission losses, or:

RL=SL-TL

Because RL is a sound pressure level, its dB units are given in dB re 1nPa (rms).
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Reference Pressure for Underwater Sound

All references to underwater sound pressure level in this OEIS/EIS are broadband-level values given in
decibels (dBs), and are assumed to be standardized at 1 microPascal at 1m (dB re 1pPa at 1 m [rms]) for

source levels (SL) and dB re 1 pPa rms (root mean squared) for received levels (RL), unless otherwise
stated.

2.1.2 Passive System Component

The passive, or listening, part of the system is SURTASS. SURTASS detects returning echoes
from submerged objects, such as threat submarines, through the use of hydrophones. These
devices transform mechanica energy (received acoustic sound wave) to an electrical signal that
can be analyzed by the processing system of the sonar. They are analogous to a microphone or
the mouthpiece of a telephone handset. The SURTASS hydrophones are mounted on a receive
array that is towed behind the ship (Figure 2-1). The SURTASS LFA sonar ship must maintain a
minimum speed of 5.6 kilometers per hour (kph) (3 knots [kt]) through the water in order to tow
the hydrophone array. The return signals, which are usually below background or ambient noise
level, are then processed and evaluated to identify and classify potential underwater threats.

Ambient Noise

Ambient noise is the typical or persistent environmental background noise that is present in the
oceans. Ambient noise ranges in frequency from 1 Hz to 100 kHz and is created by a variety of
human-made and natural sources, including shipping, wind-generated surface agitation, precipitation,
ice, biologics, etc. The level, or loudness, of ambient noise varies with location and season. Ambient
noise values are typically given in energy or spectral units (sound power level per unit bandwidth).

2.2 SURTASS LFA Sonar Deployment

Because of uncertainties in the world's political climate, a detailed account of future operating
locations and conditions cannot be delineated. However, a nominal annual deployment schedule
and operational concept have been developed, using a prudent approach (i.e., higher operational
tempo than would nominally be expected) to represent Navy use of the SURTASS LFA sonar.
SURTASS LFA sonar operations, including testing of new systems as they come on line, would
not be concentrated in specific sites, but would take place within the operational area defined in
Chapter 1 (Figure 1-1 [SURTASS LFA Sonar Potential Areas of Operations]). Polar regions are
excluded because of the inherent inclement weather conditions, including the danger of icebergs.
As shown in Table 2-1, a SURTASS LFA sonar deployment schedule for a single vessel could
involve up to 270 days per year at sea (underway). A nominal at-sea mission would occur over a
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Table 2-1

Nominal SURTASS LFA Sonar Annual and 30-Day Deployment Schedule

. Nominal Annual Deployment

30 Days 5 Days 30 Days 5 Days 30 Days 5 Days 30 Days 5 Days 30 Days
Mission . Mission Mission Mission Mission
T| Active L:nkPon. T Active UIn;(F;zrt* T{| Passive |T UIn;(ert' T Active T Jnkzgn. T| Active T
Operations pkeep Operations pkeep Operations* pkeep Operations pkeep Operations
45 Days 30 Days 5 Days 30 Days 5 Days 30 Days 5 Days 30 Days 15 Days
Mission § Mission ! Mission In-Port Mission Leave
vt | T| Acive | T| mPOl 1| passive || JmPor |l Cacwe |7 L| 1] Passive |T| “and
Operations pkeep Operations* pkeep Operations Upkeep Operations* Upkeep*

Notes: “T* denotes transit periods when there would be no active transmissions; and * denotes that there would be no active transmissions (for operations in
SURTASS LFA geographically-restricted areas).

ll. Nominal 30-Day Mission

5 Days 9 Days 2 Days 9 Days 5 Days

. Exercise . Exercise .

Transit i . Reposition . . Transit
(36 hours active sonar transmissions) (36 hours active sonar transmissions)

lll. Nominal Annual Summary

Underway on Mission Days Not Underway Days
Transit 20 In-Port Upkeep 50
potive grfzfggg{‘,‘z&‘?iy’;‘l’:)’s transmissions | 108 || Regular Overhaul 45
Passive Operations 54
Reposition 18 Total Not-Underway 95
Total Underway 270
Total Underway/Not Underway 365
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30-day period, with two nine-day exercise segments. Sonar operations could be conducted up to
20 hours during an exercise day. Based on a 20 percent maximum duty cycle, the system would
actually be transmitting for only a maximum of four hours per day (resulting in 72 hours per
mission and 432 hours per year of active transmission time for each SURTASS LFA sonar
system in operation). The SURTASS LFA sonar vessel would operate independently of, or in
conjunction with, other Naval air, surface or submarine assets. The vessel would generally travel
in straight lines or racetrack patterns depending on the operational scenario.

The remaining 12 days of the at-sea mission would be spent in transit or repositioning the vessel.
In a nominal year there could be a maximum of nine missions, six of which would involve the
employment of SURTASS LFA sonar in the active mode and three of which would employ only
the SURTASS in the passive mode. Between missions, an estimated 95 days would be spent in
port for upkeep and repair in order to maintain both the material condition of the vessel and its
systems and the morale of the crew.

At present, the R/V Cory Chouest is the only vessel equipped with SURTASS LFA sonar. The
Navy used this system in the testing program described in Chapter 1. It is intended to operate in
the Pacific Ocean, but may operate in other parts of the world. The additional SURTASS LFA
sonar systems would be installed onboard other ocean surveillance vessels (the second system is
expected to be available in Fiscal Year [FY] 2001). These operationa systems would be assigned
to Fleet commands, and they would be primarily employed in that Naval command’s oceanic
area of responsibility.

2.3 Alternatives

This subchapter provides a description of the proposed action and alternatives for the
employment of SURTASS LFA sonar as shown in Table 22. These include the No Action
Alternative, Alternative 1 (employment with geographic restrictions and monitoring mitigation),
and Alternative 2 (unrestricted operation). Alternative 1 is the Navy's preferred alternative.

NEPA requires federal agencies to prepare an EIS that discusses the environmental effects of a
reasonable range of aternatives (including the No Action Alternative). Reasonable aternatives
are those that will accomplish the purpose and meet the need of the proposed action, and those
that are practica and feasible from a technical and economic standpoint. However, the lead
agency is not required to engage in speculation or contemplation about possible future plans that
could influence the EIS s analysis of potentia direct and indirect effects at some nebulous point
in the future. Other alternatives examined but eliminated from further study are discussed in
Subchapters 1.2 and 2.3.4.

Proposed Action 2-8 and Alternatives



SURTASS LFA Sonar

Table 2-2
SURTASS LFA Sonar Employment Alternative Matrix

Proposed No Action . Alternative
Restrictions/Monitoring | Alternative Alternative 1 (Preferred) 2
Geographic Restrictions No - SURTASS LFA sonar transmitted | None

SURTASS sound field levels would be below 180
LFA sonar dB within 22 km (12 nm) of the
employment coastline, nor in offshore biologically
important areas during biologically
important seasons.
SURTASS LFA sonar transmitted
sound field levels would not exceed 145
dB at known recreational or commercial
dive sites.
Sound Pressure Level (SPL) Modeling.
Monitor to Prevent Injury | No - Visual Monitoring (bridge watch, | None
SURTASS daylight only).
LFAsonar | . passive Acoustic Monitoring.
employment Active Acoustic (HF) Monitoring.
Reporting.
Note: Decibel (dB) levels are received levels (RL) referenced to 1 nPa (rms).

2.3.1 No Action Alternative

Under this alternative, operational deployment of SURTASS LFA sonar would not occur. As
discussed in Chapter 1 (Purpose and Need), the reduction in radiated noise from nuclear and
diesal-electric submarines has reduced the effectiveness of existing passive ASW detection
methods. As also discussed in Chapter 1, nonacoustic detection technologies (such as radar,
laser, magnetic, infrared, electronic, electric, hydrodynamic, and biological) and high- or mid-
frequency sonar cannot provide Naval forces with reliable long-range detection and, thus, do not
provide adequate reaction time to counter potential threats.

Under the No Action Alternative, which would foreclose employment of LFA sonar technology,
the U.S. Navy’'s ability to locate and defend against enemy submarines would be greatly
impaired. The lack of a long-range submarine detection capability would make it possible for
potentially hostile submarines to clandestinely place themselves into position to threaten U.S.
Fleet units and land-based targets. Without this long-range surveillance capability, the reaction
times to submarines would be greatly reduced and the effectiveness of close-in, tactical systems
to neutralize threats would be serioudly, if not fatally, compromised.
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As discussed in Chapter 1, the purpose of the proposed action is to improve U.S. detection of
quieter and harder-to-find submarines & long range. The No Action dternaive would not fulfill
this purpose.

2.3.2 Alternative 1 (The Preferred Alternative)

Alternative 1 is the Navy's preferred dterndive. This dternative proposes the employment of
SURTASS LFA sonar technology with certan geographicd redrictions and monitoring
mitigation to reduce adverse effects on the marine environment (Table 2-2). As discussed in
Subchapters 1.2 and 2.3.4, the SURTASS LFA sonar is the only available technology capable of
satisfying the purpose of the proposed action—to provide U.S. Nava forces with reiable long-
range detection of the new generation of quieter and harder-to-find submarines. This capability
would provide U.S. forces with adequate time to react to, and defend agand, potentia
submarine thrests while remaining a safe digance beyond a submaring€s effective wegpons
range. The modernization of the world's submarine forces means that Americas sea lines of
supply are increasingly susceptible to reprisds during regiond conflicts. In the more unlikey
case of globa conflict, these maritime supply routes would be even more prone to attack. Thus, a
citical cornerstone of the Navy's misson to defend the United States is mantaining the
antisubmarine wafare (ASW) capability of its Heet. This globd ASW capability will continue
to be a requirement for the U.S. Navy far into the foreseeable future. Critica to accomplishing
this mission is detecting increasingly stedlthy enemy submarines.

Unlike Alternative 2 (unredtricted operation), Alternative 1 proposes to apply geographic
redrictions and monitoring mitigation. These would reduce the potentid for adverse impacts on
the maine environment and would provide information to improve the environmenta
performance of the project in the future.

From an ASW capability standpoint, the operation of the SURTASS LFA sonar proposed in
Alternative 1 would provide less extensve submarine detection capability than SURTASS LFA
sonar operdtions under Alternative 2. From a budget sandpoint, the monitoring mitigation
requirements proposed in Alternative 1 would impose operationd costs beyond those in
Alternative 2. The reduction in detection coverage and the increase in operationa costs,
however, are offset by the dgnificant environmenta advantages of Alternative 1. Moreover, the
operation of SURTASS LFA sonar under the redrictions and requirements proposed in
Alternative 1 would 4ill permit the Navy to reasonably fulfill its purpose of providing U.S.
forces with reliable, effective, and efficient long-range detection of new-generation submarines.

2.3.2.1 Geographic Restrictions
The Navy would implement geogrephic redrictions limiting the ocean aeas in which the

SURTASS LFA sonar would be deployed under Alternative 1. These redtrictions would ensure
that the sound field:
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Is below 180 dB within 22 km (12 nm) of any coadline and in the offshore
biologicdly important areas that exis outsde the 22-km (12-nm) zone during the
biologicaly important season for that particular area (see discussion below). For the
purposes of the SURTASS LFA sonar analyses presented in this OEISEIS, Al
marine mammals exposed to RLs > 180 dB are evauated as if they are injured. The
volume encompassng the 180-dB sound fidd is designated as the LFA mitigation
zone (see Subchapter 2.3.2.2 below). A discusson of the rationde for this restriction
isincluded in Subchapters 4.1 and 4.2, and Technica Report 1.

Does not exceed 145 dB in the vicinity of known recregtiona and commercid dive
dtes. Stes frequented by recregtiond divers are generdly defined as from the
shoreline out to the 40-meter (m) (130-feet [ft]) depth contour. A discusson of the
rationale for this regtriction isincluded in Subchapter 4.3 and Technical Report 3.

Offshore Biologically Important Areas

Offshore biologicaly important areas (OBIAS) are defined as those aress of the world's oceans
outsde of 22 km (12 nm) of a coagline where marine animas of concern (those animds listed
under the Endangered Species Act and/or marine mammals) congregate in high dendties to carry
out biologicdly important activities. Biologicaly important aress include:

Migration corridors,
Breeding and caving grounds, and
Feeding grounds.

Figure 2-3 (Offshore Biologicdly Important Areas) depicts both the intended operationd aress
for SURTASS LFA sonar (non-crosshatched) and three offshore biologicaly important aress
diginguished by the activities and concentration of marine animads. These have been identified
and developed by the Navy and NMFS, with marine biologists that were principa investigators
on the Low Frequency Sound Scientific Research Program and/or were members of the
SURTASS LFA Sdentific Working Group. In addition, inputs from the public during review of
the Draft OEISEIS were factored into the decison-making process. Detals on these offshore
biologicaly important areas are provided in Table 2-3.

The lig of OBIAs may be expanded by the Navy in coordination with NMFS. Additional OBIAS
may aso be proposed and reviewed during the Long Term Monitoring Program (Subchapter
24). A process will be indituted through NMFS where an organization/individua can nominate
extremely sendtive areas, which are outsde of 22 km (12 nm) of the coadt, as candidate OBIAS.
The nominging organization/individud will be responsble for providing sufficent information
to NMFS on the candidate OBIA to dlow for adecison by NMFS and the Navy.
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Table 2-3

Offshore Biologically Important Areas

Area

Months of

Number* Name of Area Location of Area Importance Species
200 m isobath of From 28°N to 50°N Year Round no_rthern right whale
1 North American west of 40°W sei whale
East Coast humpback whale
northern bottlenose whale
Costa Rica Dome Centered at 9°N and Year Round; | blue whale
88°W no resident (Chandler et al., 1999)
2 stock olive ridley sea turtle
(Longhurst, 1998) (Chandler et (Eckert, pers. comm.,
al., 1999) 2000)
Antarctic 30°E to 80°E: 45°S. October blue whale
gg:;/ergence 80°E to 150°E: 55°s | through March ZZiV\\//\mIllee
150°E to 50°W: 60°s | (UGN 1995) | o whale
50°W to 30°E: 50°S humpback whale
IUCN, 1995 sperm whale
( ) killer whale
3 southern bottlenose whale

Arnoux’s beaked whale
Gray’s beaked whale
strap-toothed beaked wh.
Commerson’s dolphin
Peale’s dolphin
hourglass dolphin

dusky dolphin

(IUCN, 1995)

* See Figure 2-3.

K nown Recreational/Commercial Dive Sites

Recregtiond dive stes ae generdly defined as stes from the shoreline out to the 40-m (130-ft)
depth contour that are frequented by recregtiond divers, but it is recognized that there are other
dgtes that may be outsde of this boundary. SURTASS LFA sonar would transmit such that the
recaeived level in known recregtional and commercia dive Stes would not exceed 145 dB. The

rationae for this threshold is provided in Technical Report 3.
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Figure 2-3. Offshore Biologically Important Areas

Sound Pressure Level Modeling

Under Alternative 1, operators of SURTASS LFA sonar would estimate SPLs prior to and during
transmisson. This SPL modding would account for the factors affecting the transmisson of
sound in the ocean. It would be peformed by measuring and entering near-red-time
environmentd inputs (such as sound speed profile [SSP], sea state, water depth, etc.) dong with
SURTASS LFA sonar operationd characteristics into Navy standard acoustic performance
prediction models that would then caculaie the received levels (RLS) a vaious ranges and
depths. (These moddls are an integd part of the SURTASS LFA sonar processng system and
ae discussed in Chapter 4.) This modeling would provide the information necessary for the
operator to modify operations, including delay or suspenson of transmissons, in order not to
exceed the RL criteria for the geographically redtricted areas (as previoudy summarized in Table
2-2).
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Acoustic Prediction Models

The U.S. Navy's use of acoustic modeling has been refined since its advent in the 1950s and continues to
be employed as part of normal day-to-day ASW operations onboard U.S. Naval ships. This is
accomplished by highly trained sonar technicians, who use a variety of measures as input to determine
propagation (transmission) loss as part of standard ASW protocols. As a result of broad experience,
constantly improving techniques, and the routine nature of ASW training operations, the U.S. Navy is well
qualified at determining the underwater propagation of low frequency sound. The Navy's acoustic
prediction models are standardized and maintained through the Oceanographic and Atmospheric Master
Library (OAML), under the aegis of the Naval Meteorology and Oceanography Command. This will help
determine the efficacy of the Navy’s acoustic models used for SURTASS LFA sonar operations.

2.3.2.2 Monitoring to Prevent Injury

Implementation of Alternative 1 would adso provide for monitoring during operations of the
SURTASS LFA sonar to prevent injury to marine mammals (and possbly sea turtles) by making
evay dfort to detect animds within the LFA mitigation zone (180-dB SURTASS LFA sonar
source sound field) before and during transmissons. Alternative 1 would aso ensure that divers
are not within the 145-dB sound field during LF transmissions.

LFA Mitigation Zone

The LFA mitigation zone covers awlume ensonified to a level > 180 dB by the SURTASS LFA sonar
transmit array. Under normal operating conditions, this zone will vary between the nominal ranges of 0.75
to 1.0 km (0.40 to 0.54 nm) from the source array ranging over a depth of approximately 87 to 157 m (285
to 515 ft). (The center of the array is at a nominal depth of 122 m [400 ft]). Under rare conditions (e.g.,
strong acoustic duct) this range could be somewhat greater than 1 km (0.54 nm). Knowledge of local
environmental conditions (such as sound speed profiles [depth vs. temperature] and sea state) that affect
sound propagation is critical to the successful operation of SURTASS LFA sonar and is monitored on a
near-real-time basis. Therefore, the SURTASS LFA sonar operators would have foreknowledge of such
anomalous acoustic conditions and would mitigate to the LFA mitigation zone even when this was beyond
1 km (0.54 nm).

The use of the following three monitoring techniques are proposed:

Visud monitoring for marine mammas and sea turtles from the SURTASS LFA
sonar vesse during daylight hours,

Use of the passive (low frequency) SURTASS array to listen for sounds generated by
marine mammals as an indicator of their presence; and
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Use of high frequency (HF) active sonar to detect/locateltrack potentialy affected
marine mammas (and possbly sea turtles) near the SURTASS LFA sonar vessdl and
the sound field produced by the SURTASS LFA sonar source array.

Visual Monitoring

Visud monitoring would include daytime observations from the SURTASS LFA sonar vessd for
potentidly affected species. This monitoring would begin 30 minutes before sunrise, for ongoing
transmissons, or 30 minutes before SURTASS LFA sonar is deployed and continue until 30
minutes after sunset or until SURTASS LFA sonar is recovered. Personnel trained in detecting
and identifying marine animds would make obsarvations from the vessd. There ae two
potential visua monitoring scenarios.

Firg, should a marine mamma or sea tutle be sighted near, but not within the 180
dB LFA mitigation zone, the following actions would be taken:

- The observer would notify the Officer in Charge (OIC), who would then
notify the operator of the High Frequency Maine Mammd Monitoring
(HF/M3) somar (described later in this section) to determine the range and
projected track of the animal.

- If it were predicted that the anima might pass within the LFA mitigation
zone, the OIC would order the dday/suspenson of transmissons when the
anima entered this zone.

- If the animd were visudly observed within 2 km (1.1 nm) and 45 degrees
either sde of the bow, the observer would notify the OIC who would order the
immediate delay/suspenson of SURTASS LFA sonar transmissions.

- The observer would continue visud monitoring/recording until the anima was
no longer seen.

Second, should a marine mamma or sea turtle be sighted insde the 180-dB LFA
mitigation zone, the observer would notify the OIC who would order the immediate
delay/suspension of SURTASS LFA sonar transmissons.

Trangmissons could commencelresume 15 minutes after there was no further detection by the
HF/M3 sonar and there was no further visud observation of the anima within the LFA
mitigetion zone.

When the SURTASS LFA sonar is deployed, dl marine mammad and sea turtle Sghtings would
be recorded and provided as part of the Long Term Monitoring Program (Subchapter 2.4).
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Passive Acoustic Monitoring

Passve acoudgtic monitoring for LF sounds generated by marine mammals would be conducted
when SURTASS is deployed. The following actions would be taken:

If sounds are defected and edimated to be from a marine mamma, the technician
would notify the OIC who would dert the HF/M3 sonar operator and visud
obsarvers.

If a sound produced by a marine mammal is detected, the technician would attempt to
locate the sound source using locdlization software.

If it is determined that the anima would pass within the LFA mitigation zone (prior
to or during transmissons), then the OIC would order the dday/suspenson of
transmissions when the anima was predicted to enter this zone.

The generd characteridics of the SURTASS passive horizontd line aray used for acoudic
monitoring are:

Array length: 1,500 m (4,920 ft);
Operationa depth: 152 m (500 ft) to 457 m (1,500 ft); and
Frequency: 0 to 500 Hz.

All contacts would be recorded and provided as pat of the Long Term Monitoring (LTM)
Program (Subchapter 2.4).

High Frequency Active Acoustic Monitoring

The Navy would conduct high frequency (HF) active acoustic monitoring (through the use of an
enhanced HF commercid-type sonar) to detect, locate, and track marine mammas (and possibly
sea turtles) that could pass close enough to the SURTASS LFA sonar transmit array to exceed
the 180-dB mitigation criterion. This HF Maine Mamma Monitoring (HF/M3) sonar operates
with a dmilar power leve, Sgnd type and frequency as HF “fish finder” type sonars used
worldwide by both commercid and recreationd fishermen.

HF/M3 sonar acoustic monitoring would begin 30 minutes before the firds SURTASS LFA sonar
trangmisson of a given misson is scheduled to commence and continue until transmissons are
terminated. The gartup of the HF/M3 sonar would involve a ramp-up from a source level of 180
dB to ensure there is no inadvertent exposure of loca animas to RLs > 180 dB. If the operating
area is found to be clear, the SL would be increased in 10-dB steps until full power (if required)
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is atained, a& which time the operator would verify the probe pulse steering and surface clutter
measurements (see below) and would adjust the HF/M3 sonar controls as necessary.

HF/M3 Sonar, LFA Mitigation Zone, and Sound Propagation

The extent of the LFA mitigation zone (i.e, within the 180-dB sound field) is based on onboard
acoudtic modeling and environmental data collected in situ. Factored into this caculation are
SURTASS LFA sonar source physica parameters of tow speed, depth, verticd steering, signa
waveform/wavetrain sdection, and peak transmit source level (SL).

HF/M3 sonar operating parameters are based on a combination of in situ acoustic modeling and
active acoustic probe pulse results. Probe pulses are low power (SL < 180 dB) HF signals whose
echo characteristics hep define the locad ocean acoudic environment. They ae used to
determine the mogt effective verticd gseering angle for the HF/M3 sonar. This entails a tradeoff
between near-ocean surface tracking capability and ocean surface clutter reduction.

The HF/M3 sonar and its operating protocols were designed to minimize possble effects on
marine animals. The operating procedures provide for the SL to be adjusted to ensure that RLsS
are bedow the levels that could potentidly cause injury to maine mammas or sea turtles if they
approached the HF/M 3 sonar.

As shown in Figure 24 (HF/M3 Sonar Detection and LFA Mitigation Zones), the HF/M3 sonar
is located near the top of the SURTASS LFA sonar verticd line array. The HF/M3 sonar
computer termina for data acquisition/processing/display would be located in the SURTASS
Operations Center (SOC). The generad characteristics of the HF/M3 sonar are:

Frequency: 30 to 40 kHz;

Bandwidth: varidble (1.5 to 6 kHz nomind);

Duty Cycle: 3-4 percent (homind);

Nomind Source Level: 220 dB re 1 microPascal at 1 n;

Pulse Length: variable (10-40 msec nomind);

Pulse Repetition Rate: set by maximum search range (3-4 sec nomind);

Source Ramp-Up: five-minute period,

Detection Volume: 4 equdly spaced swept 8° (horizontd) x 10° (verticd) beams
meking up a 10° (vertical) sector sweep through full 360° (horizontal) around the
source (i.e, omnidirectiond in the horizonta, 10° verticd beamwidth); nomind time
for full 360° sweep 45 to 60 seconds,

Maximum Detection Range: nomindly 2-2.5 km (1.08-1.35 nm).

Operational Depth Cagpability: compatible with  maximum deployed depth of
SURTASS LFA sonar source array;

Verticd Steering: +10°; and

Recaver Gain: 23 dB (nomind vs. omnidirectiond noise).
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Figure 2-4. HF/M3 Sonar Detection and LFA Mitigation Zones

The HF/M3 sonar would operate continuously while the SURTASS LFA sonar is deployed. Its
ping sequence, waveform/wavetrain choice, and PC control station display and signal processing
setup are based on the sequence of start-up procedures described above. A remote dsplay from
the PC control station would be stuated a the SOC Watch Supervisor console, which would be
manned 24 hours aday during dl SURTASS or SURTASS LFA sonar operations at sea.

Detection of a marine animd by the HF/M3 sonar automaticaly triggers an dert to the SOC
Watch Supervisor, who has the HF/M3 tracking team immediately evauate the detection. The
criteria for evaduating such an det are detection of a marine mamma or sea turtle whose 1)
projected movement indicates it will enter the LFA mitigation zone, or 2) presence is detected
within the LFA mitigation zone. If dther of these criteria are met, the Officer in Charge (OIC)
would be notified, who then orders the immediate delay/suspenson of SURTASS LFA sonar
trangmissons (if the animd is dready in the zone) or does so when the anima enters the LFA
mitigation zone, until the animd is determined to have moved beyond this zone. All contacts
would be recorded and provided as part of the LTM Program (Subchapter 2.4).

Andyss and teding of the HF/M3 sonar operaing capabilities indicates that this system
subgtantidly increases the probability of detecting marine mammas within the LFA mitigation
zone, and provides an excelent monitoring capability (particularly for medium-large marine
mammals) beyond the LFA mitigation zone, out to 2 to 2.5 km (1.08 to 1.35 nm).
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HF/M 3 Sonar Testing

Quditative and quantitative assessments of the sysem’s ability to detect marine mammas of
vaious Szes have been verified in severd sea trids (Table 24). In roughly 170 hours of at-sea
tesing with atificid targets, sx whaes have coincidentaly been spotted on the surface after
drong detections were made in the same genera vicinity on the HF/M3 system. Approximately
75 other objects have been detected during testing, which were believed to be marine mammals.

Table 2-4
HF/M3 Sonar Testing

Date Testing Location
October 1998 Performance testing of single source/receiver. NUWC, Seneca Lake, NY
April 1999 Performance testing using complete prototype. Baja California
February 2000 Calibration of system. NUWC, Seneca Lake, NY
April 2000 Integration with LFA array on R/V Cory Chouest. Hawaii
Engineering trials following installation.
May 2000 Performance testing (HF/M3 sonar only) on R/V | Hawaii
Cory Chouest.
August 2000 Performance testing with controlled bottlenose | Southern California
dolphins.
October 2000 Marine mammal mitigation trials. Adriatic Sea

For lage animds swimming within 200 m (656 ft) of the surface, sysem performance is
relatively insendtive to anima dive paterns and numerous detections are likdy before the
animad enters the LFA mitigaion zone. Single-ping fase dam rates can be hed to
approximately 1 per 10,000 pings under these scenarios. The ability to tack animds via multiple
detections virtudly diminates randomly didsributed fase dams. The most chdlenging scenarios
ae those amed a detecting smdl, solitary, fast-diving animads (i.e, moving veticdly through
the HF/M3 detection zone) in environments with high-clutter characterigtics (e.g., shdlow
waters, downward refracting water column, high sea states).

A dedicated experiment desgned to verify the sysem’s deection ability usng bottlenose
dolphins was conducted off the coast of San Diego in August 2000. This proved to be one of the
most chadlenging possible scenarios, as the tests were conducted with smal odontocetes diving
veticdly through the LFA mitigation zone, in shdlow (300 m [984 ft]), downward sound-
refracting waters that produced a dgnificantly more acoudticdly cluttered environment than
would be expected under norma SURTASS LFA sonar operating conditions. Trained bottlenose
dolphins were commanded to dive one at a time to moored objects 130 to 200 m (426 to 656 ft)
below the surface and return, with the HF/M3 system positioned 400 to 1,000 m (1,312 to 3,280
ft) away.
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Eleven out of atotd of twenty dolphins were detected by the HF/M3 sonar. Given these results,
the following factors must be consdered for these tegts:

Tests were conducted in a shalow-water, downward sound-refracting environment.

The bottlenose dolphins had alow target strength (-13 dB).

The dolphins dove and surfaced verticaly through the ensonified region therefore, they
were within the HF/M 3 detection envelope for avery short time.

Environmenta conditions during these tests reduced probabiliies of detection
ggnificantly in comparison to degp-water scenarios (normd SURTASS LFA sonar
operations), where sysem sttings (primarily trangmitted waveform parameters and
projector tilt) can be optimized.

HF/M3 search zones will typicdly be a degper depths than those focused on during these
teds, adso sarving to increase probabilities of detection via advantageous thresholding
adjustments to lower clutter fields.

It should be noted that even for this worst-case scenario, the detection rate was 55 percent. This
is higher than the 50 percent vdue tha was used in this OEISEIS for "active acoudic
monitoring” in the cdculation of an overdl effectiveness edimae for monitoring mitigetion
(Subchapter 4.2.7.1).

Summary of Statistical Performance

The probability of detecting an animd in the vicinity of the SURTASS LFA sonar depends on
svead factors, induding the sngle-ping probability of detection, anima behavior, and the
HF/M3 sonar scan rate. The single-ping probability of detection used here is defined as the
probability of detecting an animd present within the HF/M3 sonar scan beam as a function of

range using asingle ping.

Figure 2-5 shows the gngle-ping probabilities of the HF/M3 sonar detecting various marine
mammals as a function of range. These curves are based on: 1) the in situ measured interference
(i.e, backscattering and fase targets that cause target-like echoes on the sonar) observed during
the August 2000 testing; 2) the in situ measured tranamission loss (TL) from the August 2000
tesing, and 3) the best avalable scientific data on marine mamma target srength (i.e, the
expected ability of a marine mammd to “reflect” acoudtic energy). Again, it should be noted that
the August 2000 testing occurred in an extremey chalenging underwater environment (i.e,
shalow water, smdl and fast targets, high reverberation, and downward-refracting sound
propagation), and that deep-water operations would be expected to have higher probabilities of
detection for al speciesat dl ranges.

The measured results of the August 2000 testing correspond well with the curves presented in

Figure 25. For a nomind 800 m (875 yd) range (actua test ranges from the HF/M3 sonar to the
dolphins were 366 to 914 m [400 to 1,000 yd]), a probability of detection of 55 percent was
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Figure 2-5 Probability of Detecting (on any given ping) Various Marine Mammals Swimming within the
Search Beam of the HF/M3 Sonar System

observed. The 25 m dolphin curve of Figure 25 shows a probability of detection of 55 percent
at 930 yd (850 m).

The sngle-ping probabilities of detection show one facet of the effectiveness of the HF/M3 sonar
as a mitigation tool because, in generd, any marine mamma that enters the HF/M3 detection
zone can be expected to be ensonified multiple times—approximately once every 50 seconds.
The number of potentiad detections depends on the course, speed and depth of the animd in
relation to the HF/M3 sonar beam patterns. A redistic scenario that would present a short time
period for the anima to be within the HF/M3 detection zone before it entered the LFA mitigation
zone would be an animd forward of the SURTASS LFA ship moving toward it. This effectivey
combines the ship’'s and the animd’s veocities. If the ship is traveling a 1.54 m/s (3 K) and the
animal swvims toward the SURTASS LFA sonar & 2.6 nv/s (5 kts), it will remain in the 1 to 2 km+
radius (3,280 to 6,560 ft) annulus surrounding the HF/M3 sonar long enough to be ensonified
aoproximately 5 times.
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From Figure 25, it can be seen that for a 2.5 m dolphin, Pd; (at 1,000 m) = 43 percent. Using the
formula Pdy = 1- (1 - Pd;)™ (DoN, 1998), where N = number of animal ensonifications and Pd; =
the single-ping probability of detection, it can be seen that for 2 ensonifications, Poh = 1 - (.57)?
=1 - 0.32 = 68 percent. For 4 ensonifications, probability of detection increases to 90 percent,
and for 5 ensonifications, probability of detection approaches 100 percent.

Anima depth can dso be addressed using smilar probabilistic methodology & was employed to
generate Figure 25. It is assumed that the LFA mitigation zone can be generdly represented as a
disk with its verticd dimenson from approximatdy 80 m (262.5 ft) to 160 m (525 ft) depth,
extending out to aradius of gpproximately 1 km (0.54 nm) (see Figure 2-4).

Probabilities of detection for a dationary whde of 20 m length (eg., a humpback) at various
depths and ranges within the LFA mitigation zone are estimated to be from 98 percent (animd at
1 km range and 160 m depth) © 72 percent (anima a 2 km [1.08 nm] range and 160 m depth).
Outsde of the LFA mitigation zone, probabilities of detection for the same whae are edtimated
to be from 95 percent (animal a 1.5 km [0.81 nm] range and 200 m [656 ft] depth) to 35 percent
(animad a 500 m [1,640 ft] range and 40 m [131 ft] depth). Thus an anima of this sze
goproaching the LFA mitigation zone from any direction would have an extremey high
likelihood of being detected before entering the zone.

The remote posshility exigds that a degp and long-diving animd (eg., sperm whde family,
besked whdae family) could gpproach the LFA mitigation zone without being initidly detected
by the HF/M3 sonar. It could swim from deep depth upwards into the LFA mitigation zone
between HF/M3 sonar beam scans. However, for this to happen, the animad would have to
surface within 1 km (0.54 nm) of the SURTASS LFA vessdl where it would readily be detected
by the HF/M3 sonar and most likely visudly detected (during daylight hours). For example, the
probability of HF/M3 sonar detection of a 20 m whde within 1 km is greater than 95%.
Additiondly, usng a nomina 15 percent duty cycle for the SURTASS LFA sonar, even if an
animad were to avoid the HF/M3 sonar and enter the LFA mitigation zone in this manner, there
would be only a 15 percent (i.e, 1 in 6) chance that SURTASS LFA sonar would be transmitting
while the animal wasin the zone, before it was detected.

2.3.2.3 Reporting

During the routine operations of the SURTASS LFA sonar system, the Navy would record
technicd and environmental data from visud and acoudic monitoring, ocean environmentd
measurements (SSP, ambient noise, efc.), and technica operationd inputs. This information
would be reported as part of the LTM Program discussed in Subchapter 2.4.
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2.3.3 Alternative 2

Alternative 2 would involve the unredtricted operation of SURTASS LFA sonar in the active
mode as described in Subchapters 2.1 and 2.2. Under this aternative, the Navy would deploy the
system with no mitigation measures (eg., no geographic redtrictions or monitoring to prevent
injury to marine mammas and sea turtles). In comparison to Alternative 1, Alternaive 2 would
provide Heet operaors with maximum operationd flexibility, would provide maximum
submarine detection capability, and would avoid the additiond personnd and equipment costs
associated with monitoring mitigation. Alternative 2 would be more codt-effective to implement
and operate.

Alternative 2 is not the Navy's preferred dternative. Although Alternative 2 woud provide more
extensve submarine detection capabilities than Alternative 1, and adthough Alternative 2 would
cost less to implement than Alternative 1, Alternaive 2 would not be consstent with the CNO's
commitment to the protection of the environment and good stewardship of the sea It dso would
be inconsgent with the MMPA and ESA if the action would result in the taking of marine
mammals and/or species lised as threatened or endangered and taking authority had not been
obtained. This dternative is, however, andyzed in order to describe the full operating capability
of SURTASS LFA sonar.

2.3.4 Alternatives That Do Not Fulfill the Purpose and Meet the Need

Although NEPA does not require detailed analysis of dternatives that do not fulfill the purpose
and meet the need of the proposed action, it does require a brief discusson of why some
dternatives were eiminated from detailed study.

Subchapters 1.2.1 and 1.2.2 discuss the Navy's evauation and testing of different detection
technologies to determine which of them were cgpable of meeting the U.S. need to improve
detection of quieter and harder-to-find foreign submarines a long range. The detection
technologies evaduated and tested by the Navy included radar, laser, magnetic, infrared,
electronic, dectric, hydrodynamic, biologic and sonar (high-, mid- and low frequency). Of the
different technologies evaluated and tested, only LFA sonar proved technicdly feasible of
providing U.S. forces with rdidble long-range detection of the new generation, quieter
submarines. Because the other detection technologies would not fulfill the purpose of the action
proposed, they were iminated from further sudy in this OEISEIS.

Subchapter 1.2.2.3 is entitled Evauation of Different LFA Sonar Configurations. This discusses
the Navy's evduation of different ways in which LFA sonar technology could be employed,
including: 1) the number of ships that might be equipped with LFA sonar technology; 2) the
oceanic aress that would support operation of LFA sonar technology; and 3) the source levels at
which LFA sonar technology might be employed. Subchapter 1.2.2.3 explains that the Navy
eiminaed from further evduation dl LFA sonar technology employment scenarios that would
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not fulfill the Navy's primay objective of rdidble detection of quieter and harder-to-find
submarines a long range. The Navy, therefore, has not provided detaled andysis of such
dternatives as reducing the number of ships equipped with LFA sonar technology to a number
less than four, extendve geographic redtrictions on where LFA sonar technology may be
operated, or limiting projector source levels to below 215 dB. These dternative LFA sonar
employments were eiminated from further andyss because they would not fulfill the purpose
and mest the need of the proposed action.

24 Long Term Monitoring Program

The Navy has been ingrumentad in advancing scientific understanding of the potentid effects of
LF sound on the marine environment through its three-year Low Frequency Sound Scientific
Research Program (LFS SRP), the Marine Mamma Biology Program (a mgor Office of Nava
Research [ONR] initigtive since 1993 under ONR Code 335), and the U.S. Navy Marine
Mamma Program of the Space and Navad Warfare Systems Command (SPAWAR) Center, San
Diego. The LFS SRP is discussed in more detail in Subchapter 4.2 and Technica Report 1.

Although findings from the LFS SRP have not reveded any dgnificant changes to biologicaly
important behaviors of marine mammas in response to SURTASS LFA sonar operations, the
Navy and NMFS congder it prudent to continue monitoring of potentid effects of the SURTASS
LFA sonar. This monitoring would be essentiad toward providing data to support anticipated
MMPA reporting requirements. Upon issuance of LOAs by NMFS under the MMPA, the Navy
would provide a detalled Long Term Monitoring (LTM) Program plan that included detals on
the data collection, processng and reporting eements therein, and how this effort would be
coordinated with other applicable NMFS projects. The LTM Program has been budgeted by the
Navy a alevd of $IM per year for five years, garting with the issuance of the firsd LOA. One-
hdf of this funding will go to marine environmental reseerch organizations outsde of the Navy,
to provide scientific and technical support in addressing the pertinent principa objectives of the
LTM Program (fird, third and fourth objectives), which are discussed below.

2.4.1 Objectives

The principa objectives of the LTM Program for the SURTASS LFA sonar system are to:

Conduct Navy and independent scientific anadyses of the effectiveness of proposed
mitigation measures, make recommendations for improvements where applicable, and
incorporate them as eally as possble, with NMFS concurrence. This includes
veification of the HF/M3 sonar peformance (including probability of detection
curves) by the end of the firdt full year of SURTASS LFA sonar operations.
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Provide the necessary input data for LOA reports to NMFS on assessment of whether
any taking of marine mamma(s) occured within the LFA mitigation zone (180-dB
sound fidd) during SURTASS LFA sonar operations. This would entall tabular
information that indudes daetime vessd name LOA aes maine mammas
affected (number and type); assessment basis (observed injury, behaviora response,
or modd cdculation); LFA mitigation zone radius, bearing from vessd; whether
operations were delayed, suspended or terminated; and narrative.

Study the potentia effects of Navy SURTASS LFA sonar-generated underwater
sound on long-term ecologica processes reative to LF sound-sendtive marine
mammas and sea turtles, focusng on the gpplication of Navy technology for the
detection, classfication, localization, and tracking of these animds.

Collaborate, as feasible, with pertinent Navy, academic, and industry laboratories and
research organizations, and where agpplicable, with Allied navy and academic
laboratories, on field research efforts to help fill scientific data gaps.

2.4.2 LTM Program Elements

The LTM Program is proposed to include the eements described below. The primary product
from the proposed LTM Program would be annua reports submitted to NMFS (public record)
that would indlude the following:

Summary of the unclassfied SURTASS LFA sonar operations during the past year;
Summary of uncdlassfied plansfor the following yesr;

Assessment of the efficacy of mitigation measures used during the past year, as well
a the vdue-added from the various LTM dements, with recommendations for
improvements (and NMFS concurrence where applicable);

Synopsis of LOA reports to NMFS on estimates of percentages of marine mammal
gocks affected by SURTASS LFA sonar operations. This information (and that from
the subsequent report dement below) would hep confirm the vaidity of Chapter 4
conclusons, particularly pertaining to adequacy of scientific information; and

Assessment of any long-term ecologica processes that may be exhibiting effects from

SURTASS LFA sonar operations, and reports or scientific papers on discernible or
estimated cumulative impacts from such operations.

Proposed Action 2-25 and Alternatives



Environmental Impact Statement

2.4.2.1 Expendable Bathyther mograph (XBT) Data Collection

The Navy would collect XBT data from SURTASS LFA sonar vessals while underway as input
to the Navy dandard acoudtic performance prediction modd dgorithms imbedded in the
SURTASS LFA sonar sgnd processng equipment to determine SPLs. An XBT collects and

portrays temperature versus depth data in the water column.
2.4.2.2 LF Ocean Ambient Noise L evel Data Collection

Low frequency ocean ambient noise data collection would be caried out automaticadly in the
various ocean basins in which SURTASS LFA sonar would be operated with Navy standard
recorders onboard the vessel whenever the SURTASS passive towed array was deployed.

2.4.2.3 Sound Field Modding

Prior to and during operations, the Navy would model SPLs (see Subchapter 2.3.2.1 and 5.1.3).
This SPL modding would account for the factors affecting the transmisson of LFA-generated
sound in the oceanic water mass. It would be performed by measuring and entering near red-
time environmenta inputs (such as sound speed profile based on the XBT data, sea Sate, water
depth, bathymetry, etc.) dong with the SURTASS LFA sonar operationd characterigtics, into the
Navy standard acoustic performance prediction modds. The modds would then cdculate the
received sound field levels at various ranges and depths.

2.4.2.4 Monitoring

Three monitoring elements, as described for the preferred dternative, would be integrd parts of
the long-term scientific assessment of the potentia effects of SURTASS LFA sonar in the
immediate vicinity of the source ship. The data derived from performance of these monitoring
elements would be incorporated into the annual report to NMFS as required by the LOAs. These
monitoring €ements include:

Visual monitoring for marine mammas and sea turtles from the SURTASS LFA
sonar vessdl during daylight hours on dl SURTASS LFA sonar missons,

Passive acoustic monitoring as an indicator of the presence of marine mammals
usng the SURTASS passive towed array to detect generated sounds, and

HF/M3 sonar monitoring, which would be used to detect marine mammads (and
possbly sea turtles) that may pass close enough to the SURTASS LFA sonar’s
tranamit aray to potentidly be injured, whenever the SURTASS LFA sonar is
trangmitting. This LTM dement includes verification and vadidetion of the HF/M3
sonar’s performance envelope and that the effects of the HF/M3 sonar on marine
mammas and sea turtles are negligible In addition, the Navy would explore the
posshility of augmenting the HF/M3 sonar with passve HF detection capability for
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collection of vocalization data from odontocetes (e.g., sperm whaes) to broaden the
passve data collection effort.

2.4.2.5 Incident Monitoring

This LTM program dement comprises two parts 1) recregtional or commercid diver incident
monitoring, and 2) maine mammd dranding incident monitoring. The Navy would maintain
close coordination with the principad dearinghouses for information on diver-related incidents,
namely the Nationd Association of Undewater Ingtructors (NAUI), Professona Association of
Diving Indructors (PADI) and Divers Alert Network (DAN). The Navy would aso coordinate
with the principd marine mamma dranding networks to corrdate andyss of aty whde
grandings with SURTASS LFA sonar operations.

2.5 Additional Research

There are severd opportunities for collaborative research:

U.S. Navy and Academic Laboratories - Collaboration with other Navy
oceanographic research laboratories (e.g., ONR, Nava Research Laboratory, Naval
Postgraduate School) and CNO-designated U.S. academic edtablishments (eg.,
Woods Hole Oceanographic Inditution, Scripps Inditution of Oceanography) will
occur. When security classfication and SURTASS LFA sonar operations scheduling
dlow, the Navy will encourage cooperdive research efforts usng SURTASS LFA
sonars a sea. This will dlow the best qudified marine biologigs to address the
outdanding criticd issues regarding the direct and indirect effects of anthropogenic
LF sound on marine mamma stocks.

Foreign Navy and Academic Laboratories - For example, bilatera discussions with
the United Kingdom's (UK) Defence Evauation and Research Agency (DERA) ae
underway, and working level meetings are planned with the Royad Netherlands Navy
with the objective of cooperative efforts on addressng the potentid for anthropogenic
underwater LF sound to affect human divers, marine mammals and seaturtles.

U.S. and Foreign Industry - There are a variety of research efforts on the effects of
LF noise on maine mammas. For example, bilaterd discussons are underway with
the U.S.’s Western Geophysical and the UK’ s British Petroleum.

Proposed Action 2-27 and Alternatives



Environmental Impact Statement

THISPAGE INTENTIONALLY LEFT BLANK

Proposed Action 2-28 and Alternatives



3AFFECTED ENVIRONMENT I

This chapter provides a generdized overview of the environment that could potentidly be affected by
Navy employment of the SURTASS LFA sonar system:

Acougtic Environment, including ambient noise in the oceans, physicad environmentd
factors affecting acoustic propagation, and ocean acoustic regimes (Subchapter 3.1);

Marine Organisms, including marine mammas and threatened and endangered
species (Subchapter 3.2); and

Socioeconomic Conditions, including commercid and recregtiond fishing, other
recregtiona activities, research and development, and coastd zone management
consistency (Subchapter 3.3).

Because the operation of SURTASS LFA sonar is rdlated to the transmisson of sound in the ocean
environment, it is important for the reader to have at least an dementary understanding of the science
behind the transmisson of sound in weater. A tutorid on the fundamentals of underwater sound is
provided as Appendix B to asss the reader in understanding the technica aspects of this document.

3.1 Acoustic Environment

The only form of energy that traves efficiently within the oceans is sound. Radio and other
electromagnetic waves are attenuated in water at a much greeter rate than sound. This makes sound, or
acoudtics, the medium of choice for sendng the ocean environment for both marine organisms and
humans. Marine mammals use sound to sense their environment and to communicate anong themsalves
(NRC, 1994). Dolphins, and other toothed whales, utilize echoes from sounds that they produce
(echolocation) to locate prey and navigate (NRC, 1994). Humans use acoustics to detect underwater
objects, such as submarines or sunken vessds, to conduct depth measurements, and for
communications,

The ability to use sound as an effective sensng medium in the ocean is dependent on the level of
background noise (ambient noise) asit is related to the sgnd, or sound, being received, the physica
factors of the ocean that affect the speed at which sound travels through water, and the rate a which
sound energy is bst. Sound power or intengty loss by the acoustic sgndl is a result of preading and
absorption. This is referred to as propagation or transmission loss. Water temperature, sdinity, and
depth/pressure are dl factors that affect the densty of the water and, therefore, the speed of sound
through the water, and thus the water's propagation characteritics.
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3.1.1 Ambient Noise

The following discusson is a summary of LF ambient noise within the ocean as it rdaes to the
frequency a which SURTASS LFA sonar woud operate (i.e., between 100 and 500 Hz). Ambient
noiseisthetypical or persstent environmental background noise that is present. It does not include “salf
noiss’ generated by the listening devices or the vessel on which they are mounted. Ambient noiseis
directiona both horizontally and verticaly, meaning that it does not come at equa sound levels from dl
directions. For more detailed information on oceanic ambient (or background) noise the references
listed in the box provide excellent and more comprehensive discussions on the subject.

Ambient Noise in the Ocean - Additional References

Richardson, W.J., C.R. Greene, C.I. Malme, and D.H. Thompson. 1995. Marine Mammals and Noise.
Academic Press, Inc. San Diego, CA.

Urick, Robert J. 1983. Principles of Underwater Sound, 3" Edition. Peninsula Publishing. Los Altos, CA.

Measurements of ambient noise have been made over frequency ranges from below 1 Hz to 100 kHz.
Ambient noise levels and sources vary both in location and season. There are numerous ambient noise
sources that are comparable in frequency to SURTASS LFA sonar. Distant shipping noise has been
reported by Urick (1983) to be between 20 and 300 Hz, and by Richardson et d. (1995b) to be from
50 to 500 Hz. Biologica noise can aso be a mgor contributor of noise in the ocean. Severa species of
baleen whales, toothed whales, and sedls are known to produce underwater sounds between 100 and
500 Hz.

Source levels for sdected naturdly occurring underwater noises are summarized in Table 3.1-1. This
table readily demondrates that there are numerous natural sources, including certain whaes that
produce calls as loud as 189 dB. A brief discusson of some of the more significant contributors to
ambient noise follows.

3.1.1.1 Wind and Waves

Wind and waves are common and interrel ated sources of ambient noisein dl of the world's oceans. All
other factors being equal, ambient noise levels tend to increase with increasing wind speed and wave
height (Richardson et a., 1995b). Noise generated by surface wave activity and biologicad soundsisthe
primary contributor over the frequency range from 300 Hz to 5 kHz. The wind-generated noise leve
decreases smoothly with increasing acoudtic frequency (i.e., there are no spikes a any given frequency).
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Table 3.1-1

Natural Sources in the Low Frequencies

Source Broadband Levels References
Lightning Strike on Water Surface ~260 dB Hill, 1985
Seafloor Volcanic Eruption ~255 dB Dietz and Sheehy, 1954; Northrop, 1974
Sperm Whale 163 - 180 dB Levenson, 1974; Watkins, 1980a
. Watkins, 1981; Edds, 1988; Watkins, et
Fin Whale 155 - 186 dB al., 1987; Cummings & Thompson, 1994
Thompson, et al., 1979; Payne and Payne,
Humpback Whale 144 - 174 dB 1985: Frankel, 1994
i Ljungblad, et al., 1982a; Cummings and
Bowhead Whale 128 - 189 dB Holliday, 1987; Wirsig and Clark, 1993
Aroyan et al, 2000; Cummings and
Blue Whale 155 - 188 dB Thompson, 1971 and 1994; Edds, 1982,
Stafford et al., 1994
Southern Right Whale 172 - 187 dB Cummings, et al., 1972; Clark, 1982, 1983
Cummings, et al., 1968; Fish, et al., 1974;
Gray Whale 142 -185dB Swartz and Cummings, 1978

3.1.1.2 Precipitation

At some frequencies, rain and hail will increase ambient noise levels. Significant noise is produced by
rainsqualls over arange of frequencies from 500 Hz to 15 kHz. Large storms with heavy precipitation
can generate noise at frequencies as low as 100 Hz and significantly affect ambient noise levels a a
consderable distance from a storm’s center. Lightning strikes associated with storms are loud, explosive
events that ddiver an average of 100 kilojoules per meter (k¥m) of energy (Considine, 1995). Hill

(1985) estimated the source leved for cloud-to-water pulse to be 260.5 dB. It has been estimated that
over the earth's oceans the frequency of lightning averages about 10 flashes per second, or 314 billion
strikes per year (Kraght, 1995).

3.1.1.3 Biological Noises

Biologicd noises are sounds crested by animds in the sea and may contribute sgnificantly to ambient
noise in many areas of the oceans. Because of the habits, distribution, and acoudtic characterigtics of
these sound producers, certain areas of the oceans are louder then others. Only three groups of marine
animals are known to make sounds (Urick, 1983):

Crustacea, such as sngpping shrimp;
True fish, such as the drumfish; and
Marine mammds, including whaes, dolphins, and porpoises.
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The most widespread, broadband noises from animal sources (in shallow water) are those produced by
croakers (representative of a variety of fish classfied as drumfish) (100 Hz to 10 kHz) and snapping
shrimp (500 Hz to 20 kHz). Sound-producing fishes and crustaceans are restricted dmost entirely to
bays, reefs, and other coastal waters, athough there are some pelagic, sound-producing fish. In oceanic
waters, whales and aher marine mammals are principa contributors to biological noise. For example,
dolphins produce whistles associated with certain behaviors, and the baleen whales are noted for ther
low frequency vocdizations.

3.1.1.4 Human Activity

Anthropogenic noises that could affect ambient noise arise from the following generd types of activities
in and near the sea, any combination of which can contribute to the totd noise a any one place and
time. These noises include:

Trangportation (ship-generated noise);

Dredging;

Congruction;

Hydrocarbon and minerd exploration and recovery;
Geophysica (seismic) surveys,

Sonars,

Explosions; and

Ocean science studies.

Surface shipping is the most widespread source of anthropogenic, low frequency (0 to 1,000 Hz) noise
in the aceans (Smmonds and Hutchinson, 1996). At the lower frequencies, the dominant source of this
noise is the cumulative effect of ships that are too far away to be heard individualy, but because of their
great number, contribute substantidly to the average noise background. The radiated noise spectrum of
merchant ships ranges from 20 to 500 Hz and pesks a approximatey 60 Hz. Ross (1976) has
estimated that between 1950 and 1975 shipping had caused a rise in ambient ocean noise levels of 10
dB. He predicted that this would increase by another 5 dB by the beginning of the 21% century. It has
been estimated that the background ocean noise level at 100 Hz has been increasing by about 1.5 dB
per decade since the advent of propeller-driven ships (NRC, 1997).

Table 3.1-2 summarizes source categories and compares source levels for selected sources of LF
anthropogenic underwater noise. In the frequency range of SURTASS LFA sonar (between 100 and
500 Hz), there are severad of these underwater activities with source levels that are well above ambient
noise levels (see beow) in most aress of the world. These include icebresking, seismic surveys,
explosives, large oil tankers, and tugs with barges.
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Table 3.1-2

Summary and Comparison of Source Levels for
Selected Sources of Anthropogenic LF Underwater Noise

Sound Source (Transient) Source Level
in dB
Seismic Survey - Air gun array (32 guns) (Impulsive - Peak) 259" Broadband
Explosions (Impulsive)

0.5 kg (1.1 Ib) TNT Peak 267" Broadband

2 kg (4.4 Ib) TNT Peak 271" Broadband

20 kg (44 Ib) TNT Peak 279" Broadband
4,536 kg (10,000 Ib) TNT Peak >294? Broadband

Ocean Acoustics Studies
Heard Island Test 220" Spectrum Level
ATOC 195" Spectrum Level
Vessels Underway

Tug and Barge (18 km/hour) 171" Broadband

Supply Ship (Kigoriak) 181" Broadband

Large Tanker 186" Broadband

Icebreaking 193" Broadband

Notes: AlldBre 1 pyPaatl m.

Sources: 1. Richardson et al., 1995b.
2. Urick, 1983.

3.1.1.5 Deep Water Ambient Noise

Urick (1983) provided a discusson of the ambient noise spectrum expected in the degp ocean.
Shipping, seismic activity, and westher are primary causes of degp-water ambient noise. Noise levels
between 20 and 500 Hz appear to be dominated by distant shipping noise that usualy exceeds wind-
related noise. Above 300 Hz, the level of wind-related noise might exceed shipping noise. Wind, wave,
and precipitation noise originating close to the point of measurement dominate frequencies from 500 to
50,000 Hz. The ambient noise frequency spectrum and level can be predicted fairly accurately for most
deep-water areas based primarily on known shipping traffic dendty and wind state (wind speed,
Beaufort wind force, or sea state) (Urick, 1983). For frequencies between 100 and 500 Hz, Urick
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(1983) has estimated the average deep water ambient noise spectra to be 73 to 80 dB for aress of
heavy shipping traffic and high sea states, and 46 to 58 dB for light shipping and cam sees.

3.1.1.6 Shallow Water Ambient Noise

In contrast to deep water, ambient noise levelsin shalow waters (i.e., coasta areas, bays, harbors, etc.)
are subject to wide variaions in level and frequency depending on time and location. The primary
sources of noise include distant shipping and indudtrid activities, wind and waves, and marine animals
(Urick, 1983). At any given time and place, the ambient noise levd is a mixture of the above noise
types. In addition, sound propagation is a0 affected by the variable shalow water conditions, induding
the depth, bottom dope, and type of bottom. Where the bottom is reflective, the sound levels tend to be
higher than when the bottom is absorptive.

3.1.2 Environmental Factors Affecting Sound Propagation

Sound propagation in water is influenced by various physcd characteristics, including water
temperature, depth, sdinity, and surface and bottom properties that cause refraction, reflection,
absorption, and scattering of sound waves. The remainder of this section discusses how geology and
bottom bpography, sedimentation, temperature, sdinity, winds and sea state can affect LF sound
transmission.

3.1.2.1 Geology and Bottom Topography

The ocean bottom is an effective reflector, refractor, absorber, and scatterer of sound. How the sound
is redigtributed depends on severd factors. First, for the bottom to have any effect, the sound must
reach the bottom. Because of the upward refraction of sound waves in the deep isotherma layer, the
deepest that the LF sound energy of the SURTASS LFA sonar could reach would usudly be about
2,000 m (6,600 ft) before being bent toward the surface. Therefore, any deep ocean bottom areas
below 2,000 m (6,600 ft) normaly would not affect, or be affected by, the system because the amount
of LF acoustic energy reaching this depth would not be significant.

Continental Shdf

The main divisons of the continenta margins and the deep ocean basins are the continental shelf, dope
and rise, and the abyssd plain. This is shown in Figure 3.1-1 (Typicd Ocean FHoor for the North
Atlantic Basin). The continental shelf is a gently doping (about 1:1000) deposition surface around the
margin of a continent. It extends from the shordline to the shelf break or shelf edge. At the shdf breek,
there is usudly a marked increase in dope where the shelf edge joins the steeper continental dope. The
width of the continentd shelf varies from a few kilometers to more than 400 km (220 nm), but the
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average depth of the shelf break is more uniform, generdly averaging about 130 m (427 ft) over most of
the world' s oceans (Kennett, 1982).
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Figure 3.1-1. Typical Ocean Floor for the North Atlantic Basin.

Continental Siope and Rise

At the edge of the continental shelf, the depth fdls off rapidly from 100 to 200 m (330 to 660 ft) to
1,500 to 3,500 m (4,900 to 11,500 ft) forming the region known as the continenta dope. The regiona

dope is great (often more than 1:40), dthough the dope itsdf is from 50 to 200 km (27 to 108 nm) in

width. The continenta rise is a zone approximately 100 to 1,000 km (54 to 540 nm) wide, marked by a
gentle seaward gradient (1:100 to 1:700) ending in the abyssd plain (Kennett, 1982).

Submarine canyons and deep-sea channds are found in the continenta rise and dope. Submarine
canyons are steep, V-shaped canyons cutting through the continental dope, rise, and less commonly, the
continentd shelf. They resemble large canyons on land cut by rivers and are erosion fegtures. There
does appear to be a correation between the larger canyons and large rivers. The sediment is deposited
a the base of the continenta dope in a number of environments, including deep-sea fans, continentd
rises, abyssdl plains, and trenches.

Deep Ocean Basin

The deep-ocean basin is dominated by severd didtinct feaures, incduding mid-ocean ridges and rises,
abyssd plains, seamounts, and margind trenches as depicted in Figure 3-1.2 (Globa Ridge System and
Sea FHoor). The Mid-Ocean Ridge is a circumgloba undersea mountain range extending over 65,000
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km (35,075 m) in length (Kennett, 1982) forming a series of mountainous festures known ether as
ridges, if they have steep and irregular dopes, or rises, if the dopes are more gentle. This belt of oceanic
ridges circles the world and has branches in each of the major oceans. Analogous to the seams of a
bascebdl, the ridge system reaches from the Arctic Ocean southward, bisecting the Atlantic (Mid-
Atlantic Ridge) through the Indian Ocean and around the periphery of the Pacific.

Figure 3.1-2. Global Ridge System and Sea Floor.

Dominating the Atlantic geology, the rift valey (the centrd deavage) has been traced from lcdand
southward through the Atlantic and around into the Indian Ocean. The system of mountains is entirely
volcanic and is composed of lava with a basdtic compostion characterigtic of the ocean basin crust.
The depth of the ridge crest varies between 2,100 and 3,700 m (6,890 and 12,140 ft) and consists of
extremely rugged relief with broad, rugged flanks. A centrd rift valey, 1 to 2 km (3,300 to 6,600 ft)
deep and from one to afew tens of kilometers wide, lies dong the axis of the ridge.

Abyssd plains are formed by the accumulation of sediment deposited by turbidity currents, which have
built up deposits over 1,000 m (3,300 ft) thick. The formation of the abyssdl plainsislargdy afunction
of sediment availability and topography adjacent to sediment-source aress. They generaly occur at
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depths between 4,000 and 6,000 m (13,100 to 19,700 ft) and are characterized by dopes of less than
1:1000. Abyssd hills are samdl, sharp-featured volcanic hills that rise less than 1,000 m (3,300 ft) above
the abyssal plains. They are shaped by the basalt floor benesth them, but are covered by transported
sediment. Seamounts, by contrast, are volcanic mountains with an devation of greater than 1,000 m
(3,300 ft).

Marginal trenches are narrow, steep-sided troughs roughly paralle to continental margins a the seaward
base of a continental platform. The degpest portions of the world's oceans are found in these trenches.
The Challenger Deep of the Marianas Trench has a depth of 11,034 m (36,200 ft), the greatest ocean
basin depth known (Kennett, 1982).

3.1.2.2 Sedimentation

To effectively predict how certain sounds would react with the bottom, it is necessary to know sediment
density, thickness, and type. The mgority of the ocean bottom is covered by sediment deposits made
up of unconsolidated accumulations of particles trangported to the oceans by rivers, glaciers, and wind
mixed with the remains of marine organisms. Deep-sea sediments are those deposited at depths greater
than about 500 m (1,640 ft) and are dominated by biogenic (fossl) components and pelagic clays,
athough terrigenous sediments (land source) are widespread in some degp-sea basins.

Where LF sound interacts with the bottom, the sound transmissions experience what is referred to as
bottom loss. When sound interacts with the seefloor, the energy is generdly reflected at the sediment-
water interface or partialy transmitted into the sediment. The energy tranamitted into the sediment is
refracted, usudly upward, or absorbed. The energy refracted upward from the sediment can potentialy
reenter the water. Energy absorption is dependent on the composition of the sediment. Sediments high
in cacdum (calcareous sediments) tend to absorb more sound energy than those low in calcium minerds.

Most of the degp ocean sediments and much of the coasta sediments can be more smply defined as
mud or ooze. Near the water-sediment interface, this mud has a dengty very close to that of the
overlying water. Because of this, it tends to be transparent to LF sound. As the depth increases, so
does the dengity of the sediment. This causes the sound to be refracted upward and eventually back into
the water. If the sound waves drike the underlying oceanic bedrock before they begin to refract
upward, then they would be reflected. Thisis defined as the acoustic bottom, or basement.

In areas where sediments are thicker than 2,000 m (6,600 ft), LF sound energy usualy would not reech

acoudtic bottom. However, there are certain areas of the open oceans, such as the mid-ocean ridges
and seamounts, where LF transmissions could exhibit bottom interaction characteritics.
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3.1.2.3 Temperature and Salinity

Water temperature and sdlinity are important because they affect the sound speed within the water
column. This sound speed profile (SSP), as it varies with water depth, is a criticd parameter in
determining sound transmission loss in the ocean.

The digribution of temperature is goproximately zond, with lines of congant temperature running
roughly east-west and temperatures decreasing away from the equator. One exception to thisis along
the eastern boundaries of the oceans where upwelling occurs, bringing cold subsurface waters to the
surface. This is demondrated in Figure 3.1-3 (Yearly Average Surface Temperature of the Ocean
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Figure 3.1-3. Yearly Average Surface Temperature of the Ocean (°C).

The dinity digribution is basically zond as well, dthough it does not occur in as sharp a contrast as the
temperature distribution. Lowest surface sdinity occurs five degrees north of the equator (average
34.54 parts per thousand [ppt]), while the highest values appear in the regions of high evaporation and
low precipitation at latitudes 25°N (average 35.79 ppt) and 20°S (average 35.69 ppt). A second zone
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of low salinity occurs in each hemisphere at latitudes 40°N (average 34.54 ppt) and 50°S (average
33.99 ppt) (Duxbury, 1971).

The verticd didribution of sdinity is not as Smple as that of temperature. Density is the principa factor
responsible for determining the postion of a water mass verticdly in the water column, and densty is
determined chiefly by temperature. Water of higher temperatures is generdly found in upper waters, and
colder waters are found in the deeper layers. Sdinity variations are not sufficient to overcome this
process. Thus, it is possible to have either high or low sdlinity water in upper waters. In the equetorid,
tropica and subtropical regions, however, thereis a marked salinity minimum at 600 to 1,000 m (1,970
to 3,300 ft) with sdinity increasing to 2,000 m (6,600 ft). Deep waters (approximately 4,000 m
[13,100 ft] or s0) have ardatively uniform sdinity of 34.6 to 34.9 ppt.

3.1.2.4 Winds and Waves

The ocean surface either reflects or scatters sound waves. If the sea surface were perfectly smooth, like
amirror, then al of the sound impinging upon it would be reflected back into the water. When the seais
rougher, some of the sound energy is scattered and less is reflected. Because of the longer wavelength
of LF sound, there are smaler surface losses because the sea surface appears smoother in relationship
to the longer sound wave.

3.1.3 Ocean Acoustic Regimes

The oceans are not homogeneous, that is, they do not have the same physical characteristics throughout
their four-dimensona structure (the fourth dimension being time or season). Sound speed in water
varies with water dengty. Water dengty is affected primarily by depth, temperature, and to a lesser
degree, by sdinity. Thus, the speed of sound in water varies with depth (a plot of sound speed versus
water depth is known as a sound speed profile [SSP]). As sound speed changes due to environmenta
conditions of the water, the sound rays bend, or refract, either toward or away from the surface. Under
certain conditions sound rays may become trgpped in a duct and creste a sound channd. This is
discussed in more detail in Subchapter 3.1.3.2. It is this refraction, coupled with the reflection from the
surface and interaction with the bottom that makes it difficult to predict how sound travels in weter. See
Appendix B for more detailed information on sound speed in the ocean.

As an example of how sound speed varies within the oceans, two figures are provided for the Atlantic
Ocean (other mgjor oceanic areas would be similar):

Figure 3.1-4 (North-South Section of Sound Channed Structure in the Atlantic --
30.5%W Meridian) demonstrates how sound speed varies with latitude and depth for the
Atlantic Ocean (Northrup and Colborn, 1974). Sound speeds are measured in meters
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per second, and the heavy dashed line shows the approximate depth of the
sound channel axis (axis of minimum sound speed). It can be seen that sound
speed generally increases with depth, and is variable nearer to the surface.

. Figure 3.1-5 (Deep Channel Sound Axis Contours for the Atlantic Ocean)
demonstrates the location of the sound channel, or the axis of minimum sound
speed, by depth at contour intervals of 200 m (660 ft) (Northrup and Colborn,
1974). It can be seen that the depth of the sound channel is nearest to the
surface at the poles.

Cape Md R - -
Verde Atlantic
Basin Ridge

Reference: Northrup and Colborn (1974) Latitude (deg)
Units = meters/second

Figure 3.1-4. North-South Section of Sound Channel Structure in the Atlantic — 30.5° W Meridian.

Based on the characteristics of the SSPs for specific areas of the oceans, sound propagation for
those areas can be predicted. These predictions are generally grouped by the physical effects that
the SSP has on acoustic propagation. Despite the complexity of the ocean environment these
effects can be organized into the following three groups, which are referred to as ocean acoustic
regimes:

. Deep water convergence zone (CZ);
° Surface duct; and
Shallow water bottom interaction.

Table 3.1-3 shows a generalized summary of these acoustic regimes for most of the world's
oceanic areas.

Deep Water Convergence Zones

Convergence zones (CZ) are special cases of the sound-channel effect occurring in deep water.
The existence of CZs depends on the SSP and the depth of the water. Due to downward
refraction at shorter ranges, sound rays leaving the near-surface region are refracted back to the
surface because of the positive sound speed gradient produced by the greater pressure at deep
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Figure 3.1-5. Deep Channel Sound Axis Contours for the Atlantic Ocean.
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Table 3.1-3

Generalized Summary of Oceanic Regimes

Oceanic Areas/Season Deep Water CZ Regime Near-Surface Duct Regime Shallow Water Bottom Interaction Regime
North Pacific
o . o . Bottom interaction in depths shallower than 1,800 to
Summer South of 45° N Latitude North of 45° N Latitude 2,000 m (5,900 to 6,600 ft)
Winter South of 45° N Latitude North of 45° N Latitude Bottom interaction in depths shallower than 1,800 to
2,000 m (5,900 to 6,600 ft)
South Pacific
o . 0 . Bottom interaction in depths shallower than 1,800 to
Summer North of 45° S Latitude South of 45° S Latitude 2,000 m (5,900 to 6,600 ft)
. o . ° . Bottom interaction in depths shallower than 1,800 to
Winter North of 45° S Latitude South of 45° S Latitude 2,000 m (5,900 to 6,600 f)
North Atlantic
o o . North of 45°N Latitude mixture of Bottom interaction in depths shallower than 2,000 m
Summer South of 40° to 45”N Latitude CZ and ducted (6,600 ft) including areas over the Mid-Atlantic Ridge
North of 45°N Latitude mixture of . _
. . s Bottom interaction in depths shallower than 2,000 m
Winter South of 40° to 45°N Latitude CZ and ducted with higher - . h ey
percantage of ducted (6,600 ft) including areas over the Mid-Atlantic Ridge
South Atlantic
o . South of 50° S Latitude mixture of Bottom interaction in depths shallower than 2,000 m
Summer 10°to 50°S Latitude CZ and ducted (6,600 ) including areas over the Mid-Atlantic Ridge
South of 50° S Latitude mixture of . L
) . iy Bottom interaction in depths shallower than 2,000 m
Winter 10° to 50°S Latitude CZ and ducted with higher . : : Pl
percentage of ducted (6,600 ft) including areas over the Mid-Atlantic Ridge
North Central indian
Bottom interaction in depths shallower than 1,800 to
Summer Not applicable Ducted 2,000 m (5,900 to 6,600 ft) including above the
Ninetyeast Ridge
Bottom interaction in depths shallower than 1,800 to
2, ,900 to 6, includi t
Winter Not applicable Ducted 000 m (5,900 to 6,600 ft) including above the

Ninetyeast Ridge
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Generalized Summary of Oceanic Regimes

Table 3.1-3

Oceanic Areas/Season Deep Water CZ Regime Near-Surface Duct Regime Shallow Water Bottom Interaction Regime
South Central Indian
Bottom interaction in depths shallower than 1,800 to
Summer Not applicable Ducted 2,000 m (5,900 to 6,600 ft) including above the
Ninetyeast and Broken Ridges.
: Bottom interaction in depths shallower than 1,800 to
Winter CZ north of 25° S Latitude Duct south of 25° S Latitude 2,000 m (5,900 to 6,600 ft) including above Ninetyeast
and Broken Ridges
Western Mediterranean
. Very little bottom interaction; only when shallower than
Summer Weak CZ Half channel ducting 1,800 to 2,000 m (5,900 to 6,600 ft)
. . Very little bottom interaction; only when shallower than
Winter Weak CZ Half channel ducting 1,800 to 2,000 m (5,900 to 6,600 1)
Central Mediterranean
8 Very little bottom interaction; only when shallower than
Summer CZ and weak CZ Surface ducting 1,800 10 2,000 m (5,900 to 6,600 1)
. . Very little bottom interaction; only when shallower than
Winter CZ and weak CZ Some surface ducting to south 1,800 10 2,000 m (5,900 to 6,600 1)
Eastern Mediterranean
. Very little bottom interaction; only when shallower than
Summer CZ and weak CZ Not applicable 1,800 to 2,000 m (5,900 to 6,600 ft)
Winter CZ and weak CZ Surface ducting Very little bottom interaction; only when shallower than

1,800 to 2,000 m (5,900 to 6,600 ft)
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ocean depths. These deep-refracted rays often become concentrated at or near the surface at some
distance from the sound source through the combined effects of downward and upward refraction, thus
causng aCZ.

CZs may exist whenever the sound speed at the ocean bottom, or at a specific depth, exceeds the
sound speed at the source depth. Depth excess, also caled sound speed excess, is the difference
between the bottom depth and the limiting, or critica, depth. (See Appendix B for more detailed
information on CZs))

3.1.3.1 Acoustic Ducting
There are two types of acoustic ducting:

Surface Ducts - Usudly, the top layer of the ocean is wdl mixed, meaning thet it hasa
congtant value for temperature and salinity. Because of the effect of depth (pressure),
surface layers exhibit a dightly postive sound speed gradient, and sound emitted from a
source within this layer will be refracted upward and surface-reflected. Because this
characteristic causes much of the sound to remain, or be trapped, in this layer, the
surface layer is often called a duct, surface duct, or surface channel. In surface ducts,
the maximum range of propagetion (i.e., how far the sound can travel) depends upon
the SSP, sound frequency, the bottom dope, and depth. As a generd rule, surface duct
propagation will improve as the surface layer depth increases. Sound trapped in a
surface duct can travel for reaively long distances. In cloudy, windy ocean aress
throughout the world, the near surface weter is very often isotherma enabling surface
ducting. In midwinter the isotherma surface layer is usudly severd hundred feet deep,
except in tropica waters, where the depth varies from 15 to 150 m (50 to 500 ft)
depending on ocean currents and other environmenta factors. In the very high latitudes,
the surface layer may extend down to the ocean bottom in winter months.

Sound Channels - Variaion of sound velocity with depth causes sound to trave in
curved paths. A sound channel is aregion in the water column where sound speed first
decreases with depth to a minimum value, and then increases. Above the depth of
minimum vaue, sound is refracted (bent) downward; below the depth of minimum
vaue, sound is refracted upward. Thus, much of the sound garting in the channd is
trapped, and any sound entering the channel from outside its boundariesis aso trapped.
This mode of propagation is caled sound channel propagation. This propagation mode
experiences the least transmisson loss dong the path, thus resulting in long-range
transmission. Sound channels are a typical feature of the open ocean at depths around
1,000 m (3,280 ft) at the mid-latitudes to near the surface in polar regions (Gross,
1972).
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3.1.3.2 Shallow Water Bottom I nteraction

Reflections from the ocean bottom can extend propagation ranges. The effect of bottom bounce is to
return some of the sound energy that has been carried downward by refraction back into the water
column, enabling longer-range tranamisson. At low frequencies, some energy penetrates the seefloor
and within this layer is refracted back to the boundary between the water and the seafloor, and is then
returned to the water column. At low frequencies this refraction within the seefloor, not reflection, is the
predominant mechanism for energy return.

Mgor factors affecting bottom-bounce transmission include water depth, angle of incidence, frequency,
bottom compostion, and bottom roughness. A flat ocean bottom produces the greatest accuracy in
edimating range and bearing in the bottom bounce mode. In shalow water, LF sound rays, which are
refracted from the bottom, may then be reflected from the surface creeting a ducted acoustic
environment. However, the effectiveness of these shalow water ducts is highly variable dependent on
the water depth, type of bottom, bottom topography, weether conditions, etc.

For SURTASS LFA sonar transmissions between 100 and 500 Hz, bottom interaction would generdly

occur in aress of the ocean where depths are between approximatey 200 m (nomina minimum water
depth for SURTASS LFA sonar deployment) and 2,000 m (660 and 6,600 ft).
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3.2 Marine Organisms

3.2.1 Species Screening

In order for LF sound to have an effect on an animal, the animal must be able to sense LF sound,
and/or some organ or tissue must be capable of changing sound energy into mechanical effects.
To achieve this change, the organ or tissue must have an acoustic impedance different from
water, where impedance is the product of density (kg/nt [Iblyd®]) and sound speed (m/sec
[ft/sec]). Thus, many organisms would be unaffected, even if they were in areas of LF sound,
because they do not have an organ or tissue with acoustic impedance different from water or
cannot sense LF sounds. These factors immediately limit the types of organisms that could be
adversely affected by LF sound.

Based on these considerations, a detailed analysis of only those organisms in the world’s oceans
that meet the following criteria has been undertaken:

Does the proposed SURTASS LFA sonar geographical sphere of acoustic
influence overlap the distribution of this species? If so,

Is the species capable of being physically affected by LF sound? Are acoustic
impedance mismatches large enough to enable LF sound to have a physical effect
or can the species sense LF sound?

In other words, to be evaluated for potential impact in this OEIS/EIS, the species must: 1) occur
within the same ocean region and during the same time of year as the SURTASS LFA sonar
operation, and 2) possess some sensory mechanism that allows it to perceive the LF sounds or
possess tissue with sufficient acoustic impedance mismatch to be affected by LF sounds. Species
that did not meet these criteria were excluded from consideration. The evaluation process is
summarized visualy in Figure 3.2-1 (Species Selection Rationale). For example, phytoplankton
and zooplankton species do have acoustic impedance differences from seawater due to tiny gas
bubbles. However, Medwin and Clay (1998) have calculated resonance frequency ranges from 7
to 27 kHz at 100 m (328 ft). Because of the lack acoustic impedance mismatches a low
frequencies, the SURTASS LFA sonar pulse essentially would pass through them without being
detected. Therefore, they do not have the potential to be physically affected by the operation of
SURTASS LFA sonar, and so they were not evaluated for potential impacts (Croll, et al. 1999).

In cases where direct evidence of acoustic sensitivity is lacking for a species, reasonable indirect
evidence was used to support the evaluation (e.g., there is no direct evidence that a species hears
LF sound but good evidence that the species produces LF sound). In cases where important
biological information was not available or was insufficient for one species, but data were
available for a related species, the comparable data were used. Additional special attention was
given to species with either special protected stock status or limited potential for reproductive
replacement in the event of mortality.
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3.2.1.1 Invertebrates

Virtualy all invertebrates can be categorically eliminated from further consideration because: 1)
they do not have delicate organs or tissues whose acoustic impedance is significantly different
from water; and 2) there is no evidence of auditory capabilities in the frequency range used by
SURTASS LFA sonar. Siphonophores and some other jelly plankton do have air-filled bladders,
but because of their size, they do not have a resonance frequency close to the low frequencies
used by SURTASS LFA sonar.

Among invertebrates, only cephalopods (octopus and squid) and decapods (lobster, shrimp, and
crab) are known to sense LF sound (Offutt, 1970; Budelmann and Young, 1994). Based on
Budelmann and Y oung's measurements, the cephalopod threshold for hearing for far-field sound
waves is estimated to be 146 dB. The hearing threshold for the American bbster has been
determined to be approximately 150 dB -- in the LF range of SURTASS LFA sonar (Offultt,
1970). Given these high levels of hearing thresholds, SURTASS LFA sonar operations could
only have a lasting impact on these animals within a few tens of meters from the source.
Therefore, the fraction of the cephalopod and decapod stocks that could possibly be found in the
water column near avessel using SURTASS LFA sonar would be extremely small. Cephal opods
and decapods, therefore, have been eliminated from further consideration because of their poor
LF hearing.

3.2.1.2 Vertebrates

Vertebrates, especialy those species whose bodies contain air-filled cavities (e.g., lungs or
sinuses), offer an acoustic impedance contrast with water and have specialized orgars for
hearing; hence, they are potentially susceptible to the operation of SURTASS LFA sonar.

Fishes

In general, fishes perceive sound in the 50-2000 Hz band, and peak sensitivity lies below 800
Hz. Of the estimated 27,000 fish species only a small percentage have been studied in terms of
audition or sound production. No fish species are known to be deaf. Of those studied, many
fishes produce sounds and/or hear in the LF band. Hearing or sound production is documented in
247 species comprising 58 families and 19 orders. Although there are diverse morphological and
physiological mechanisms of hearing in fishes, hearing capabilities seem relatively homogenous
within orders (Popper and Fay, 1993). Consequently, potential SURTASS LFA sonar effects are
considered by fish order for this analysis, except for the Perciformes, which is analyzed by
family. Of the 19 orders of fishes with sound production, those that would be found inshore in
shalow waters (within 22 km [12 nm] of the coast) have been eliminated from evaluation
because they would not occur where the SURTASS LFA sonar would be operating. The fish
orders with sound production that do occur in pelagic (oceanic) waters where they might
encounter SURTASS LFA sonar are Heterodontiformes, Lamniformes, Anguilliformes,
Albutleiformes, Clupeiformes, Salmoniformes, Gadiformes, Pleuronectiformes, Beryciformes,
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Scorpaeniformes, and the Perciformes families Pomacentridae, Labridae, L utjanidae, Serranidae,
Sciaenidae, Scombridae, and Haemulidae. These are the fish groups evaluated for potential
impacts in this OEIS/EIS.

Seabirds

There are more than 270 species of seabirds in five orders, and each order has species that dive
to depths exceeding 25 m (82 ft). There are few data on hearing in seabirds and even less on
underwater hearing. Studies with other species have shown that birds are sensitive to LF sounds
in air. While it is likely that many diving seabirds can hear LF sound, there is no evidence that
seabirds use sound underwater. Seabirds that can occur in areas where SURTASS LFA sonar
may operate are generally shallow divers. In addition, seabirds spend a very small fraction of
their time submerged, and they can rapidly disperse to other areas if disturbed. Therefore, there
would be no impact to seabirds, including those that may be threatened or endangered. For these
reasons, seabirds have been excluded from further evaluation.

Sea Snakes

Sea snakes are excluded because they primarily inhabit inshore waters, and there is no evidence
of senditive hearing in the LF band in these species.

Sea Turtles

There are seven species of marine turtles, six of which are listed as either threatened and/or
endangered under the ESA. The green turtle (Chelonia mydas) is listed as threatened everywhere
except Florida and the Pacific coast of Mexico, where they are endangered. The loggerhead turtle
(Caretta caretta) is listed as threatened. The hawkshill (Eretmochelys imbricata), Kemp'sridley
(Lepidochelys kempi), and leatherback (Dermochelys coriacea) are listed as endangered species.
The olive ridley (Lepidochelys olivacea) is threatened everywhere except the Mexican breeding
stocks, which are listed as endangered. The flatback turtle (Natator depressus) is unlisted and is
restricted to nearshore waters off Australia. Consequently, it is excluded from further analysis. It
islikely that all species of seaturtles hear LF sound as adults (Ridgway et al., 1969; O’ Hara and
Wilcox, 1990). Therefore, the other six species of sea turtles are considered for evaluation
because they hear LF sound, occur in pelagic water, and/or dive deeply.

Baleen Whales (Mysticetes)

All 11 species of baleen whales produce LF sounds. Sounds may be used as contact calls, for
courtship displays and possibly for navigation and food finding. Although there are no direct
data on auditory thresholds for any mysticete species, anatomical evidence strongly suggests that
their inner ears are well adapted for LF hearing. Therefore, sound perception and production are
assumed to be critical for mysticete survival. For this reason al mysticete species are considered
sensitive to LF sound. However, only those that occur within the latitudes of proposed
SURTASS LFA sonar operations are considered. This excludes the bowhead whale (Balaena
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mysticetus) that occurs only in Arctic waters, north of the area where the system would operate.
Included for consideration are the remaining ten baleen whale species. blue Balaenoptera
musculus), fin (Balaenoptera physalus), minke (Balaenoptera acutorostrata), Bryde's
(Balaenoptera edeni), sei (Balaenoptera borealis), humpback (Megaptera novaeangliae),
northern right (Eubalaena glacialis), southern right (Eubalaena australis), pygmy right (Caperea
marginata), and gray (Eschrichtius robustus) whales.

Toothed Whales (Odontocetes)

There are at least 70 species of odontocetes (some species classifications are under study, and the
exact number of beaked whales is not known) including dolphins, porpoises, beaked whales,
"blackfish"? (long-finned pilot, short-finned pilot, pygmy killer, false killer, and melonheaded
whales), killer whales, and sperm whales. A number of these species inhabit ocean areas where
SURTASS LFA sonar might operate—especially pelagic dolphins, beaked whales, sperm whales,
"blackfish" and killer whales. Many species are known to use HF clicks for echolocation. All
odontocete species studied to date hear best in the mid- to high-frequency range, and so are less
likely to be directly affected by exposure to LF sounds than mysticetes. Like mysticetes,
odontocetes depend on acoustic perception and production for communication, food finding, and
probably for navigation and orientation.

The following species of odontocetes do not meet the screening criteria described at the
beginning of this subchapter, and thus are eliminated from further evauation:

Arctic specidists in the family Monotontidae including Monodon monoceros
(narwhal) because SURTASS LFA sonar would not be employed in their range in
the Arctic.

Porpoise species (except the Phocoenoides dalli, [Dalls’ porpoise] and Phocoena
phocoena [harbor porpoise]) in the family Phocoenidae because they are coastal
species with ranges well inshore of the areas where SURTASS LFA sonar would
be employed, including: P. spinipinnis (Burmeister’s porpoise), P. sinus (vaquita),
Neophocaena phocaenoides (finless porpoise), and Australophocaena dioptrica
(spectacled porpoise).

Dolphin species in the following families. Pontoporiidae (Lipotes vexillifer
[Chinese river dolphin], Pontoporia blainvillei, [franciscana)); Iniidae (Inia
geoffrensis [boto/Amazon river dolphin]); and Platanistidae (Platanista gangetica
[Ganges River dolphin] and P. minor [Indus River dolphin]). They are eliminated
because they are river dolphins that may enter coastal waters, but their ranges are
well inshore of the areas where SURTASS LFA sonar would be employed.

1 »Blackfish" include the pygmy killer whale, melon-headed whale, false killer whale, short-finned pilot whale,
long-finned pilot whale and killer whale. (from Whales, Dolphins and Porpoises, Carwardine, 1995). However, for
thisanalysis, killer whales will be considered separately.
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Dolphin species in the family Delphinidae that occur in shalow, coasta waters
well inshore of the areas where SURTASS LFA sonar would be employed and are
not known to hear sounds in the range of the system. This group includes Sotalia
fluviatilis (Tucuxi/boto), Oracella brevirostris (Irrawaddy dolphin), Sousa
chinensis (Indo-Pacific humpbacked dolphin), Sousa teuszi (Atlantic
humpbacked dolphin), and Sousa plumbea (Plumbeous dol phin).

Odontocetes that are further analyzed in this document are those species that have the potential
to be found in deeper, offshore waters where SURTASS LFA sonar might operate. This includes
pelagic dolphins, coastal dolphin species that also occur in deep water, beaked whales, killer
whales, sperm whales, long-finned and short-finned pilot whales, pygmy killer whales, false
killer whales, melonheaded whales, and belugas.

Seals, Sea Lions, and Walruses (Pinnipeds)

The suborder of Pinnipeds consists of “eared” seals (family Otariidae), “true” seals (family
Phocidae), and walruses (family Odobenidag).

There are 14 species of otariids including sea lions and fur seals. They are found in temperate or
sub-polar waters. Several of these species are listed as special status (northern sea lion, northern
fur seal, and Guadalupe fur seal). All 14 species are further analyzed in this document.

There are 18 species of phocids, or “true” seals, nine of which occur in polar oceans or inland
lakes and can therefore be excluded. The remaining nine phocid species, including two monk
seal species that are listed as endangered, merit further evaluation. These include the Hawaiian
and Mediterranean monk seals (Monochas monachus and M. schauinslandi); the northern and
southern eephant seals (Mirounga angustirostris and M. leonina); the gray seal (Halichoerus
grypus); three species in the genus Phoca: the ribbon, harbor, and spotted seals (P. fasciata, P.
vitulina, and P. largha); and the hooded seal (Cystophora csistata).

The walrus can be excluded from further analysis since it is a polar species.

Polar Phocids Excluded from Further Analysis

ringed (Phoca hispida)

baikal (P. sibirica) crabeater (Lobodon carcinophagus)
Caspian (P. caspica) Ross (Ommatophoca rosii)

harp (P. groenlandica) leopard (Hydrurga leptonyx)
bearded (Erignathus barbatus) Weddell (Leptonychotes weddelli)
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Mustdids

Two of the six species of otters in the world inhabit ocean waters. the sea otter (Enhydra lutris)
and the chungungo (utra felina). The activities of both species occur almost exclusively in
shallow waters. Therefore, these species are not considered for further evaluation.

Sirenians

The world's three manatee species (West Indian [Trichechus manatus], Amazonian [T.
inunguis], and West African [T. senegalensis]) and one dugong species (Dugong dugon) are
primarily fresh water and estuarine species. Therefore, they are eliminated from further
evaluation.

3.2.2 Fish

3.2.2.1 Background

Two classes of fish ae considered for this OEIS/EIS: Chondrichthyes (cartilaginous fishes
including sharks and rays) and Osteichthyes (bony fishes). The bony fishes comprise the largest
of all vertebrate groups with over 27,000 extant species (Nelson, 1994). The distribution of
fishes is extremely wide, with different species being adapted to a diverse range of abiotic and
biotic conditions.

Pelagic fish live in the water column, while demersal fish live near the bottom. Table 3.2-1
provides a listing and a genera discussion of the pelagic and demersal fish orders, which are of
particular importance because of their demonstrated responses to LF sounds, protected status,
and/or commercia importance. It is likely, however, that many other fish species produce and/or
use sound for communication, but data are not available on additional species.

3.2.2.2 Hearing Capabilities, Sound Production, and Detection

A fish’s octavolateralis system senses sound, vibrations and other forms of water displacement in
its environment. The octavolateralis system is comprised of two main components: 1) the inner
ear; and 2) the lateral line. A fish uses this system not only to detect sound and vibration, but also
to orient itself in three-dimensional space. The ear, latera line and their central pathways
functionally interact to detect signals (Coombs et a., 1989). Both the ear and lateral line use
sensory hair cellsfor signal detection.
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Table 3.2-1

Selected Fish Orders

Common Name

Fish Order (representative of order)

Pelagic or
Demers al

Hearing Characteristics

Heterodontiformes Bullhead sharks

Demersal

The horn shark, Heterodontus francisci, reportedly
hears from 20-160 Hz (Kelly and Nelson, 1975).

Lamniformes Pelagic sharks

Pelagic

Hearing range for the bull shark, Carcharhinus
leucas, reportedly is 100-1400 Hz (Kritzler and
Wood, 1961) while the lemon, Negaprion
brevirostris, hears from 10-640 Hz (Banner, 1967)
and hammerhead shark, Sphyrna lewini, from 250-
750 Hz (Olla, 1962). Data from shark attraction
experiments suggest hearing up to 1500 Hz in a
number of species, although these data are not
quantified and need to be repeated.

Anguilliformes Eels

Demersal

Anguilla anguilla hearing upper audible limit 300 Hz
with best hearing at about 100 Hz at 95 dB (Jerko
etal., 1989).

Albuleiformes Bonefishes

Pelagic
and
demersal

The bonefish (Albula vulpes) hears from 50-700 Hz
(Tavolga, 1974).

Herrings/shads/sardines/

Clupeiformes >
anchovies

Pelagic

Maximum hearing sensitivity for Pacific herring
(Clupea harengus pallasi) is reportedly 125-500 Hz
(Croll et al.,, 1999), Pacific sardine (Sardinops
sagax) max sensitivity at 63-500 Hz (Sonalysts,
1995). Spotted shad Clupanodon punctatus) max
sensitivity 125-500 Hz (Sorokin et al., 1988). All of
these data are highly suspect and most other
clupeiforms are able to detect sounds to over 3 kHz
(Popper pers com) although some species can
detect sounds to over 180 kHz (Mann et al., 1998,
Popper pers. Comm.).

] Salmons/trouts/
Salmoniformes
chars

Pelagic

Some species are able to detect sounds from 30
Hz to about 400 Hz (Hawkins and Johnstone,
1978; Knudsen et al., 1992).

Cods/hakes/haddock/

Gadiformes
pollock

Pelagic
and
demersal

Hearing range of the cod Gadus morhua) is 10-
500 Hz (Chapman and Hawkins, 1973), while that
of the haddock (Melanogrammus aeglefinus) is
from 30-470 Hz. Pollack (Pollachius polachius)
hears about the same range of sounds (Chapman,
1973). The ling Molva molva) reportedly detects
sounds from 40-550 Hz (Chapman, 1973).

Flounders/sole/
halibut

Pleuronectiformes

Demersal

Pleuronectes platessa and Limanda limanda can
detect sounds up to 200 Hz (Chapman and Sand,
1974), while Pleuronectes is able to detect sounds
as low as 30 or 40 Hz (Karlsen, 1992).
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Table 3.2-1

Selected Fish Orders

Common Name Pelagic or

Fish Order (representative of order) | Demersal

Hearing Characteristics

One species of squirrelfish (Myripriste kuntee) can
detect sounds between 100-3,000 Hz with most
sensitivity between 300-2000 Hz, while another
Pelagic (Adioryx xantherythrus) can only detect to about
Beryciformes Squirrelfish and 1000 Hz (Coombs and Popper, 1979) and the
demersal | dusky squirrelfish Holocentrus vexillaris) detects
sounds from 100-1200 Hz (Tavolga and Wodinsky,
1963). Large variability in hearing capabilities
within this group of fishes.

Slender searobbin (Prionotus scitulus) detects
Scorpaeniformes Searobbins Demersal | sounds from 100-600 Hz, with best sensitivity from
200-400 Hz (Tavolga & Wodinsky, 1963).

Perciformes (note, Yellowfin tuna (Thunnus albacares) hearing range
this is such a Pelagic 50-1100 Hz with most sensitive hearing between
diverse group of . 300 and 500 Hz (lverson, 1967). This species has
fishes that they Tunas (Scombridae) der?e?sal much better sensitivity than another tuna, the
are broken down kawakawa Euthynnus affinis) that has the same
by taxonomic hearing range (lverson, 1967).
family)
Various species in this family (genus
Damselfishes Demersal Eupomacentrus) can detect sounds from 100 to
(Pomacentridae) 1,200 Hz, with best hearing from 300-600 Hz
(Myrberg and Spires, 1980)
Very diverse group and not likely that data for one
Pelagic ?pec(ijes represent lc\)/larialziondin hearingol_ill:elly to be
; ound. However, blue-head wrasse {Thalassoma
Wrasses (Labridae) De%ne?sal bifasciatum) can c_ietect sounds from 100-1200 Hz,
with best sensitivity from 200-600 Hz (Tavolga &
Wodinsky, 1963).
Pelagic Only data are for the red hind (Epinephel_us
Sea basses (Serranidae) and guttatus) vyhlgh can hear from 100-1000 Hz, with
demersal best_ sensitivity from 200400 Hz (Tavolga and
Wodinsky, 1963).
Pelagic Schoolmaster (utjanus apodus) hears from 100-
Snappers (Lutjanidae) der?e?sal 1000 Hz, with best sensitivity from 200-600 Hz.

One member of this group, the chubbyu Equetus
acuminatus) hears from 100-2000 Hz, with best
Pelagic hearing from 200-1000 Hz (Tavolga and Wodinsky,

and 1963). However, there is broad diversity in ear
demersal | structure in members of this family, suggesting that
there is also broad diversity in hearing (Popper,
Pers. Comm.)

Drums (croakers)
(Sciaenidae)
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Table 3.2-1

Selected Fish Orders

Common Name Pelagic or

Fish Order (representative of order) | Demersal

Hearing Characteristics

Blue-striped grunt Haemulon sciurus) hears from
Grunts (Haemulidae) Demersal | 75-1000 Hz, with best hearing from 75-800 Hz
(Tavolga and Wodinsky, 1963).

Vibrations are perceived with sensory hair cell receptors of the ear and the lateral line. The
lateral line is actually divided into two parts, the cana system and the free neuromasts. The
sensory hair cells of the lateral line are arranged in small groups called neuromasts. The
neuromasts of the cana system are spaced evenly along the bottom of canals that are located on
the head and extending along the body. The free neuromasts are distributed over the surface of
the body. The specific arrangement of the lateral line canals and the free neuromasts vary with
different species (Coombs et al., 1992). The pattern of the lateral line canal suggests that the
receptors are laid out to provide a long baseline to enable the fish to extract information about
the direction of the sound source relative to the animal. The latest data suggest that the free
neuromasts detect water movement (e.g., currents), whereas the receptors of the lateral line
canals detect hydrodynamic signals. By comparing the responses of different hair cells along
such a baseline, the fish should be able to use the receptors to locate the source of vibrations
(Montgomery et al., 1995; Coombs and Montgomery, 1999). Moreover, the lateral line appears
to be most responsive to relative movement between the fish and surrounding water (its free
neuromasts are sensitive to particle velocity; its canal neuromasts are sensitive to particle
acceleration). The ear and the latera line overlap in frequency range to which they respond. The
lateral line appears to be most responsive to signals ranging from below one Hz to between 150
and 200 Hz (e.g., Coombs et al., 1992), while the ear responds to frequencies from about 20 Hz
to severa thousand Hz in some species (Popper and Fay, 1993). The specific frequency response
characteristics of the ear and latera line varies among species and is probably related, at least in
part, to the life styles of the particular species.

The inner ear in fishes is located in the head just behind the eye and there is no apparent feature
on the head of fish, or an opening that indicates its location. The ear in fishes is generally similar
in structure and function to the ears of other vertebrates. It consists of three semicircular canas
that are used for detection of angular movements of the head, and three otolithic organs that
respond to both sound and changes in body position (Schellart and Popper, 1992). The sensory
regions of the semicircular canals and otolith organs contain many sensory hair cells. In the
otolith organs, the ciliary bundles, which project upward from the top surface of the sensory hair
cells, contact a dense structure called an otolith (or ear stone). It is the relative motion between
the otolith and the sensory cells that results in stimulation of the cells and responses to sound or
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body motion. The precise size and shape of the ear varies in different fish species (Popper and
Coombs, 1982; Schellart and Popper, 1992).

Hearing is better understood for bony fishes than other fish, such as sharks and jawless fishes
(class Agnatha) (Popper and Fay, 1993). Fish with speciadizations that enhance their hearing
sensitivity have been referred to as hearing “ speciaists;” whereas, those that do not posses such
capabilities are termed “nonspeciaists.” Popper and Fay (1993) suggest that in the hearing
gpecialists, one or more of the otolith organs may respond to sound pressure as well as to
acoustic particle motion. The response to sound pressure is thought to be mediated by
mechanical coupling between the swim bladder (the gas-filled chamber in the abdominal cavity
that enables a fish to maintain neutral buoyancy) or other gas bubbles and the inner ear. With this
coupling, the motion of the gas-filled structure, as it expands and contracts in a pressure field, is
brought to bear on the ear. In nonspecialists, however, the lack of a swim bladder, or its lack of
coupling to the ear, probably results in the signa from the swim bladder attenuating before it
gets to the ear. As a consequence, these fishes detect little or none of the pressure component of
the sound (Popper and Fay, 1993).

The vast mgjority of fishes appear to be non-specialists (Schellart and Popper, 1992), and only a
few specialists are known to inhabit the marine environment (athough lack of knowledge of
specidlists in the marine environment may be due more to lack of data on many marine species,
rather than on the lack of their being specialists in this environment). Although data are limited,
it appears that the majority of hearing specialists are found in fresh water. Some of the better
known marine hearing speciadists are found among the Beryciformes (i.e.,, soldierfish and
especially Holocentridae, which includes the squirrelfish), and Clupeiformes (i.e., herring and
shad). Even though there are hearing speciaists in each of these taxonomic groups, most of these
groups also contain numerous species that are nonspecialists. In the family Holocentridae, for
example, there is a genus of hearing specidists, Myripristis, and a genus of nonspecialists,
Adioryx (Coombs and Popper, 1979).

Audiograms have been determined for over 50 fish (mostly fresh water) and three shark species
(Fay, 1988a). An audiogram plots auditory thresholds (minimum detectable levels) at different
frequencies and depicts the hearing sensitivity of the species. It is difficult to interpret
audiograms because it is not known whether sound pressure or particle motion is the adequate
stimulus and whether background noise determines threshold. The general pattern that is
emerging indicates that the hearing specialists detect sound pressure with greater sensitivity over
a wider bandwidth (up to 3 kHz) than the nonspecialists. Also, the limited behaviora data
available suggest that frequency and intensity discrimination performance may not be as acute in
nonspecialists (Fay, 1988a).

Behaviora audiograms are presented for two hearing specialists (Pacific sardine and
squirrelfish), two nonspecialists that have a swim bladder (another squirrelfish and an oscar), and
one nonspecialist without a swim bladder (lemon sole) (Figure 3.2-2). Popper and Fay (1993)
state that threshold values are expressed as sound pressure levels because that quantity is easily
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measured, athough this value is strictly correct only for the fishes that respond in proportion to
sound pressure. It is uncertain if the thresholds for the oscar and lemon sole should be expressed
in terms of sound pressure or particle motion amplitude. In comparing best hearing thresholds,
hearing specialists are similar to most other vertebrates, when thresholds determined in water and

air are expressed in units of acoustic intensity (i.e., Watts/cnt ) (Popper and Fay, 1993).

140

130 —

120 — Astronotus

110 —

100 7 Limanda Adioryx
90 —

80 — Carassius
70 —

60 —

Threshold Sound Pressure (dB re: 1 nPa)

Myripristis
50 —

10 100 1000
Frequency (Hz)

Two hearing specialists: Carassius auratus (goldfish)(Fay, 1969) and Myripristis
kuntee (squirrelfish)(Coombs and Popper, 1979); two hearing nonspecialists
having a swimbladder, Adioryx xantherythrus (another squirrelfish)(Coombs and
Popper, 1979), and Astronotus ocellatus (the Oscar)(Yan and Popper, 1992);
and a nonspecialist without a swimbladder, Limanda limanda (lemon
sole)(Chapman and Sand, 1974)

Figure 3.2-2. Behavioral Audiograms
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The specialists whose best hearing isin the LF register (i.e., below 1000 Hz) appear well adapted
to this particular range of frequencies, possibly because of the characteristics of the signals they
produce and use for communication, or the dominant frequencies that are found in the general
underwater acoustic environment to which fish listen (Schellart and Popper, 1992; Popper and
Fay, 1997, 1999). The region of best hearing in the maority of fishes for which there are data
available is from 200 Hz up to 500-800 Hz. Most species, however, are able to detect sounds to
well below 200 Hz, and often there is good detection in the LF range of sounds. It is unlikely that
as data are accumulated for additional species, investigators will find that more species are able
to detect LF sounds fairly well (Popper, pers. comm., 2000).

As for sound production in fish, Myrberg (1980) states that members of more than 50 fish
families produce some kind of sound using special muscles or other structures that have evolved
for sound production, or by grinding teeth, rasping spines and fin rays, burping, expelling gas, or
gulping air. Sounds are often produced by fish when they are alarmed or presented with noxious
stimuli (Myrberg, 1981). These emanations are usualy intense and have a sudden onset, like
signals used by both terrestrial and aquatic animals to startle one class of receivers (e.g., nearby
predators). Some of these sounds may involve the swim bladder as an underwater resonator.
Sounds produced by vibrating the swim bladder may be at a higher frequency (400 Hz) and the
swim bladder drumming muscles are correspondingly specialized for rapid contractions (Zelick
et al., 1999). Sounds also accompany the reproductive activities of numerous fish species, and
the current data suggest that males are the most active producers. Sound activity often
accompanies aggressive behavior in fish, usualy peaking during the reproductive season. Those
benthic fish species that are territorial in nature throughout the year often produce sounds
regardless of season, particularly during periods of high-level aggression (Myrberg, 1981).

3.2.2.3 Sharks

Sharks are also of interest because of their LF sound detection ability, a capability that is
particularly important for detecting sounds that are produced by potential prey (Nelson and
Gruber, 1963; Myrberg et a., 1976; Nelson and Johnson, 1976; Myrberg, 1978). There are
hearing data on very few species, and several studies have found that they may be sensitive to
both sound pressure and to particle velocity or displacement. In general, sharks hear only a
narrow range of frequencies and their hearing capability is not very good (Banner, 1967; Nelson,
1967; Kelly and Nelson, 1975). Although amost nothing is known about the function of the
lateral line system of sharks, it is likely that this system, like in fishes, responds to LF
hydrodynamic stimuli.

Severa studies of LF sound effects on sharks have occurred during the last four decades.
Behavioral evidence indicates that certain LF sound signals, particularly in the 20 to 80 Hz
range, can attract sharks (Popper, 1977). Hammerhead sharks have been found to be able to
detect sounds below perhaps 750 Hz, with best capability from 250 to 275 Hz (Olla, 1962).
Kritzler and Wood (1961) reported that the bull shark responded to signals at frequencies
between 100 and 1,400 Hz, with the band of greatest sensitivity 400 to 600 Hz.
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Lemon sharks responded to sounds varying in frequency from 10-640 Hz, with the greatest
sengitivity at 40 Hz. However, the lowest frequency may not accurately represent the lower limit
of lemon shark hearing due to the energy production limitations of the shark test pool. The
sharks may have responded at higher frequencies, but not enough energy could be produced to
elicit attraction responses (Nelson, 1967). Banner (1972) reported that lemon sharks he studied
responded to sounds varying from 10 to 1,000 Hz. In a conditioning experiment with horn
sharks, Kelly and Nelson (1975) discovered the sharks responded to frequencies of 20 to 160 Hz.
The lowest particle motion threshold was at 60 Hz.

Researchers have also discovered several shark species that appear to exhibit withdrawal
responses to broadband noise (500-4,000 Hz). The oceanic silky shark (Carcharhinus
falciformis) and coastal lemon shark (Negaprion brevirostris) withdrew from an underwater
speaker playing LF sounds (Myrberg et a., 1978; Klimley and Myrberg, 1979). Lemon sharks
exhibited withdrawal responses to broadband noise raised 18 dB at an onset rate of 96 dB/sec to
a peak amplitude of 123 dB re 1 micro Pascal (RL) from a continuous level, just masking
broadband noise (Klimley and Myrberg, 1979). Myrberg et a. (1978) reported that a silky shark
withdrew 10 m (33 ft) from a speaker broadcasting a 150-600 Hz sound with a sudden onset and
a peak sound pressure level of 154 dB. These sharks avoided a pulsed LF attractive sound when
its sound level was abruptly increased by >20 dB. Other factors enhancing withdrawa were
sudden changes in the spectral or temporal qualities of the transmitted sound. Klimley
(unpublished data) also noted the increase in tolerance of lemon sharks during successive sound
playback tests. Myrberg (1978) has aso reported withdrawal response from the pelagic whitetip
shark (Carcharhinus longimanus) during limited testing.

Animals are known to eventually change their behavior when a given stimulus has no
consequence. Such animals learn to ignore irrelevant stimuli. Such learning, known throughout
the vertebrates and many invertebrates, is termed habituation. Those species of sharks that have
been studied showed habituation to intense sound after a varying number of trials when
immediate withdrawa was the demonstrated response (Myrberg, pers. comm., 29 November
1999).

Fay (1988a) summarized the results of hearing studies of the horn, lemon and bull shark. Within
the 100-500 Hz frequency band, the lemon shark exhibits best hearing, with hearing thresholds
down to 90 dB. Next best is the bull shark with thresholds down to 100 dB. The horn shark has
much poorer hearing capability in this LF band, with thresholds at 130-140 dB.

One caveat with al data collected with sharks is that they are generally obtained from studies of
a single animal, and it well known that sound detection ability (and bandwidth) varies
considerably among different, and even among members of the same species. Moreover, it is
known that hearing ability changes with age, health, and many other variables. Thus, while these
thresholds (and al of those reported for sharks) give an indication of the sounds they detect, it
would be of great value to replicate these analyses using modern methods and several animals. A

Affected Environment 3.2-14 Marine Organisms



SURTASS LFA Sonar

similar observation may be made for some fish studies, but generally those are done with several
animals and are replicated far more than is possible with the larger and more difficult-to-handle
sharks. However, for the most part, data for an individual fish species (including sharks) can
often be accepted as being generally reliable for that species.

The effect of pulse intermittency and pulse-rate variability on the attraction of five species of
reef sharks to LF pulsed sounds was studied at Eniwetok Atoll, Marshall Ilandsin 1971 (Nelson
and Johnson, 1972). The species of shark tested were: gray reef, blacktip reef, silvertip, lemon
and reef white tip. Nelson and Johnson (1972) concluded from these tests that the attractive value
of 25-500 Hz pulsed sounds is enhanced by intermittent presentation, and that such intermittency
contributes more to attractiveness than does pulse-rate variability. All tested sharks exhibited
habituation to the sounds during the course of the experiment.

3.2.2.4 Threatened and Endangered Fish Stocks

The following fish have been listed by NMFS as threatened (T) or endangered (E) under ESA:

Threatened and Endangered Fish Stocks

Coho salmon (Oncorhynchus kisutch)(T): central California coast, northern
California/southern Oregon, and Oregon Coast;

Chinook salmon (Oncorhynchus tshawytscha)(E): North Pacific Ocean
basin;

Sockeye salmon (Oncorhynchus nerka)(E): North Pacific Ocean basin;
Cutthroat trout (Umpqua River)(Oncorhynchus clarki clarki)(E): U.S. and
Canadian coastal zone from southeast Alaska to northern California (within
18.5 km [10 nm] of coast);

Steelhead trout (Oncorhynchus mykiss)(T): Washington, Oregon, and North
California coastal and inland waters;

Shortnose sturgeon (Acipenser brevirostrum)(E): U.S. and Canadian North
Atlantic Ocean coast;

Gulf sturgeon (Acipenser oxyrinchus desotoi)(T): U.S. Gulf of Mexico coasts
from Mississippi River to Tampa Bay; and

Totoaba (Cynoscion macdonaldi)(E): Gulf of California.

Fish that are federally or state listed as endangered, threatened or protected retain that status only
in estuarine or near-shore waters, not in the open ocean, where SURTASS LFA sonar would
operate.
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3.23SeaTurtles
3.2.3.1 Background

Sea turtles are marine reptiles well adapted for life in the sea. Their streamlined bodies and
flipper-like limbs make them strong swimmers able to navigate across the oceans (eg.,
leatherbacks and loggerheads). When they are active, they must swim to the ocean suface to
breathe every few tens of minutes (Keinath, 1993). When they are resting, they can remain
underwater for much longer periods of time. With the exception of the leatherback sea turtle
(Dermochelys coriacea), which is primarily a temperate species, sea turtles dwell in tropical
waters, ranging into temperate zones in the summer (Ernst et al., 1994).

Distribution of sea turtles is throughout all oceans, however, for most species, their distribution
islimited by temperature. Most sea turtle species prefer water temperatures above 18° C, but can
survive in waters as cool as 10° C (50° F). This means that most sea turtle distribution is limited
between 40°N and 35°S, athough during warmer seasons this range is substantially expanded.
The exception to this distribution is the leatherback, which is found from 71°N to 65°S, and
seems to prefer water temperatures between 14° and 16° C (57° and 61° F) for foraging, but also
spends extended periods in tropical waters for breeding.

Hawkshills, greens, olive ridleys and Kemp's ridleys are generally coastal species, although it is
likely that the young of some or al of these species can be found in the open ocean.
Nevertheless, because of the incorporation of geographic mitigation measures, the fact that a
small fraction of ocean volume would make up the LFA mitigation zone, and that the criterion
developed for the potentia for injury to marine mammals is a reasonably conservative estimate
for possible injury to sea turtles, it is unlikely that any sea turtle stock would experience
significant impacts.

Although they live most of their lives in the ocean, adult females return to their natal beaches in
order to lay eggs. The females come ashore two or more times a season to lay a hundred or more
egos in a deep nest cavity dug with the hind flippers. After filling the nests, the adult females
return to the sea and generally remain near the nesting area until they have deposited their last
clutch of eggs for the season.

Hatchlings, upon emerging from their nests, rely on the lighter horizon over the sea to find the
ocean. After entering the water, both magnetic orientation and the oncoming direction of sea
swell guide them away from shore (Ernst et al., 1994). All marine turtle species will then remain
pelagic for many years and may travel through a large range of habitats before returning to
coastal environments to reside. Once in coastal waters (excluding the leatherback), juvenile
turtles continue to grow and move among developmental environments until maturity, when their
pattern of movements becomes more regular, with turtles moving between foraging and breeding
areas (Wyneken, 1997).
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The protected status (with respect to the U.S. Endangered Species Act [ESA] and the Convention
on International Trade in Endangered Species [CITES]), and other attributes of the sea turtles
species selected for study are summarized in Table 3.2-2. Following is a brief summary of each
Species.

The leatherback turtle (Dermochelys coriacea) is the largest, most pelagic, and most widely
distributed of any sea turtle from 50°N to 35°S (Eckert, pers. comm., 1998). It is also considered
by most authorities to be the most endangered of the sea turtles due to the rapid decline in global
population during the last 15 years (Eckert, pers. comm.). Leatherbacks are distributed from
71°N (Barents Sed) to the Antarctic Convergence (based on recent satellite tracking data from
South Africa). Recent data indicate that there may be important migratory corridors and habitats
used by the species in the Pacific Ocean (Morreale et al., 1996; Eckert, 1999). Current
information indicates that the leatherback prefers water temperature between 14-16°C (57-61°F)
for foraging, though it exhibits extraordinary thermal tolerance and is often observed in much
colder water. It feeds primarily on jellyfish and is a deep, nearly continuous diver (Eckert et al.,
1996). It rarely stops swimming and individuals have been monitored swimming in excess of
13,000 km (7,014.8 nm) per year (Eckert, 1998; Eckert, 1999; Eckert, pers. comm.). It is
endangered according to the ESA and CITES. Although it has not been subject to significant
commercial exploitation, its global population size is declining, due most likely to incidenta
mortality associated with open ocean fishing. It has been speculated that females use LF sound
associated with surf to orient toward nesting beaches in turbid water (Mrosovsky, 1972).

The green turtle (Chelonia mydas) is widespread throughout tropic and temperate seas. There
are a number of morphologicaly distinct stocks, one of which is the black turtle in the Eastern
Pacific (Pritchard, 1997). Hatchlings and young turtles are pelagic and omnivorous, but juveniles
and adults forage on benthic algae and sea-grasses. They are, therefore, primarily coastal as
juveniles and adults, but make long pelagic migrations between foraging and breeding areas
(Bjorndal, 1997; Pritchard, 1997). Population sizes are not known, but they appear to be
declining, at least since the 1950s, and are considered threatened by the ESA everywhere except
Florida and the Pacific Coast of Mexico, where they are endangered. They are aso protected by
CITES.

The loggerhead turtle (Caretta caretta) is a large, widespread turtle that feeds primarily on
benthic invertebrates (Ernst et al., 1994; Bjorndal, 1997). Loggerhead turtles reside and nest in
subtropical to temperate areas (e.g., North Carolina to Florida, Oman, Northeastern Australia,
Japan) and in some stocks, they have long cross-basin migrations between feeding and nesting
areas. They are listed as threatened under the ESA and are protected by CITES. The primary
threat to their populations is incidental capture by commercial trawlers and longline fishing nets.
As hatchlings they undertake long developmental migrations. Turtles hatched in Japan cross the
Pacific to spend some years living off the U.S. and Mexican coasts. Hatchlings on the eastern
coast of the U.S. cross the Atlantic before they return to the coastal waters near where they were
hatched (Wyneken, 1997).
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Table 3.2-2

Information Summary for Selected Turtle Species

Species Protected Distribution Abundance/ Diving Behavior Travel Speeds
Status Population
Leatherback ESA - Tropical and temperate - Recent global - Routinely dive to 50-84 m, - During long movements
Turtle endangered; pelagic waters; population estimates regularly exceed 200 m; or migration: 45-65 km
(Dermochelys CITES - May aggregate at for mature female | . Typical durations: 9-15 min; | Per 24 hours;
coriacea) protected concentrations of jellyfish and | turtles: 26,200-42,800; | . . o . e 37 min.. | - Average swim speed:
areas of coastal upwelling; - Total adult ) . 2.21 kph (0.614 m/s);
o i lation probably - Maximum depth >1000 m; o
- Most significant nesting popu Oi d swim throuahout -- Hatchlings: 30cm/sec
areas: Mexico, Costa Rica, double above, but total | - Dive and swim throughou below surface
Trinidad, Surinam/French population unknown; | day and night
Guyana, Indonesia, Culebra, | - Gulf of Mex: 5 turtles
Puerto Rico, and St. Croix per 1,000 sq km
U.S. Vi.
Green Turtle ESA threatened | - Green turtles found - Recent population - Routinely dive to 20 m; - 0.95 km/ hr and have
(Chelonia mydus) | everywhere throughout tropics; estimates not - Average dive time > 40 min.; | been measured at 1.4-2.2
gxoe;g:L ta n? - Breeds on tropical beaches | avallable; Maximurn dive time of 66 min | <P
ac. Loast o throughout the world - Consensus that - Adults sedentary;
Mexico where numbers have been though migrations cover
listed as declining since 1950s distances greater than
endangered,; 100 km
CITES
protected
Loggerhead ESA - Tropical and subtropical - Estimated population | - Routinely dive to 9-22 m; 1.2-1.7 km/ hr and have
Turtle threatened; waters of the Atlantic, Pacific, | size for S/E U.S. is R ive ti a been measured at 0.02 -
- . Average dive time 17-30
(Caretta caretta) CITES and Indian Oceans; 30,000-35,000 nesting min.; 3.01 kph
protected - Relatively solitary except females; . Maximum recorded dive is
when aggregating on food - Estimated 250,000 233 m
concentrations or near females worldwide;
nesting beaches; - Estimated total
- About 88% of all nesting population over
occurs on beaches in the S/E | 500,000 worldwide.

U.S., Oman, and Australia
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Table 3.2-2

Information Summary for Selected Turtle Species

Species Protected Distribution Abundance/ Diving Behavior Travel Speeds
Status Poputation
Hawksbilt Turtle ESA - Worldwide tropical waters; Population estimates - Routinely dive to 7-10 m; 0.74 kph
(Erstmochelys g’l‘_?gggefed; - Hatchlings pelagic, but not available - Average dive time 56 min.;
imbricata) older juveniles and adults live - Di : ;
protected in clear shaflow waters over Dive during day and night

reefs
Olive Ridley ESA threatened | - Worldwide tropical waters; Most abundant sea - Average dive time 29-54 1.2-3.6 km/ hr
Turtle (Mexica_n - While large juveniles and turtle, tt}ough . min.;
(Lepidochelys population adults reside primarily within | Population estimates | . Maximum recorded dive is
olivacea) endangered);Cl | 100 km of the coast, and not available 290 m

TES protected | aggregate in large

concentrations in coastal

waters during the nesting

season, olive ridleys will

often range far out to sea

(>100 km) in certain areas of

the world (e.q. Eastern

Tropical pacific and Indian

Ocean).
Kemp's Ridley ESA Primarily in Gulf of Mexico Most rare sea turtle in | - Routinely dive to 50 m; 1.0-1.4 km/ hr
Turtle endangered, the world, though - Average dive time 13-18
(Lepidochelys CITES population estimates min.; :
kempi) protected not available

Source: Croll et al., 1999.
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The hawksbill turtle (Eretmochelys imbricata) is a tropical, primarily near-shore reef dwelling
turtle that feeds on benthic sponges (Witzell, 1983). Hawksbill turtles nest in a number of
scattered tropical locations, usually under coastal vegetation. There are very few sites where
females concentrate for breeding. Some adults make long migrations between feeding and
nesting areas, but juveniles are relatively sedentary on shallow reefs (Bjorndal, 1997). They are
listed as endangered under the ESA and are protected by CITES.

The olive ridley turtle (Lepidochelys olivacea) is the most abundant sea turtle. It is found
throughout the tropics, but is concentrated around severa very limited nesting beaches in Costa
Rica, Mexico, and India (Musick and Limpus, 1997). The global population is protected by
CITES and is listed as threatened under the ESA everywhere except the Mexican breeding
stocks, which are listed as endangered. Olive ridleys are omnivorous, feeding on a wide variety
of animals and algae from diverse marine habitats.

The Kemp’sridley turtle (Lepidochelys kempi) is the rarest sea turtle. It is listed as endangered
under the ESA and is protected by CITES. Kemp's ridley turtles are found primarily in the Gulf
of Mexico and, to a lesser extent, aong the Atlantic coast of the United States as far north as
Long Island, New York (Musick and Limpus, 1997). They feed primarily on crabs (Bjorndal,
1997). Kemp'sridley turtles nest primarily at Rancho Nuevo Mexico in the Gulf of Mexico (only
rarely has significant nesting been observed at any other beaches). There are consistent reports of
large concentrations of mating adults at sea, suggesting breeding aggregations well offshore
(NRC, 1990).

3.2.3.2 Turtle Hearing Capabilities and Sound Production

Data on turtle sound production and hearing are few (Croll et al., 1999). The few studies
completed on the auditory capabilities of sea turtles aso suggest that they could be capable of
hearing LF sounds. These investigations examined adult green, loggerhead, and Kemp’s ridley
sea turtles (Mrosovsky, 1972). There have been no published studies to date of olive ridley,
hawksbill, or leatherback sea turtles. It has been suggested, abeit based on data from just a few
species, that all species can hear LF sound as adults (Ridgway et d., 1969; O’ Hara and Wilcox,
1990; Bartol et al., 1999).

Ridgway et a. (1969) used airborne and direct mechanical stimulation to measure the cochlear
response in three specimens of green sea turtle, and concluded that they have a hearing range of
about 60 to 1000 Hz, but hear best between 200 and 700 Hz, with sengitivity falling off
considerably below 200 Hz. The maximum sensitivity for one anima was 300 Hz, and for
another 400 Hz. At the 400-Hz frequency, the turtl€'s hearing threshold was about 64 dB in air.
At 70 Hz, it was about 70 dB in air. Bartol et a. (1999) measured the hearing of juvenile
loggerhead sea turtles using auditory evoked potentials. Auditory brainstem response (ABR)
recordings from LF tone burst indicated the range of hearing to be from at least 250 to 750 Hz.
The lowest frequency tested was 250 Hz.
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3.2.4 Cetaceans (Mysticetes)

Cetaceans (whales and dolphins in the order Cetacea) are highly modified mammals found in al
the world’s seas and oceans. There are two suborders of cetaceans: baleen whales, or Mysticeti;
and toothed whales, or Odontoceti. The mysticetes, or baleen whales, include the largest animal
ever to live on earth, the blue whale, which can reach 30 m (100 ft) in length and 145,000
kilograms (kg) (160 tons) in weight. Mysticetes are distinguished by possessing keratinous
baleen plates in their mouths that are used to strain small food organisms from seawater. The
mysticetes include four families containing 11 species (see text box below).

Mysticetes

Family: Balaenopteridae (Rorquals) Family: Eschrichtiidae
Blue whale (Balaenoptera musculus) Gray whale (Eschrichtius robustus)
Fin whale (B. physalus)
Bryde’s whale (B. edeni)
Sei whale (B. borealis)
Minke whale (B. acutorostrata)
Humpback whale (Megaptera novaeangliae)

Family: Balaenidae (Right whales) Family: Caperea
Bowhead whale (Balaena mysticetus) Pygmy right whale (Caperea marginata)
Northern right whale (Eubalaena glacialis)
Southern right whale (E. australis)

Cetacean species vary considerably in size from harbor porpoises at |ess than a meter (3 ft) to the
blue whale. The general description of cetaceans in this section is taken from Leatherwood and
Reeves (1983) and Castello (1996).

The sense of hearing is highly developed in all cetacean species studied to date. It is assumed
that mysticete species rely heavily on sound for communication and sensing of their environment
(Norris, 1969; Watkins and Wartzok, 1985). All mysticetes produce LF sounds, and severa are
known to use sound for communication (Clark, 1982; Tyack, 1982).

Many cetacean populations have been reduced by intensive hunting conducted over the last
several hundred years. An Internatioral Union for Conservation of Nature and Natural Resources
(TUCN) report (Reeves and Leatherwood, 1994) found that cetacean populations today are
threatened by hunting, incidental capture in commercia fishing nets as bycatch, culling
operations as a consequence of perceived competition with humans for marine resources,
pollution, and habitat loss and degradation.
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Cetaceans are generally long-lived, although the smallest species have a life expectancy of less
than 10 years. Mature female cetaceans give birth to a single calf every few years, though the
smallest species may calve annually. Age at first reproduction ranges from a few years in the
smaller species to more than a decade in some of the larger species. Long maturation intervals
and low annual reproductive capacity limit their capacity to recover from depressed population
levels.

Social systems range from relatively solitary (e.g., Bryde's whale) to more socia (eg.,
humpback and right whales) (Gambell, 1985b; Stewart and Leatherwood, 1985; Tershy, 1992).
Whales may congregate during certain activities, for instance while foraging on feeding grounds,
or during certain times of the year, for instance during mating periods. These social contexts
influence the distribution of animals, and might influence the manner in which they respond to
disturbance.

Cetaceans have evolved to exploit virtualy al productive marine, estuarine, and many riverine
habitats. Cetacean distributions are roughly correlated with that of their prey, and they are often
associated with fertile continental shelves, ocean fronts, upwelling areas, or water mass
convergence zones. Many cetaceans feed upon fish, squid or crustaceans in pelagic waters. Many
species undergo seasonal northrsouth migrations that track peaks in prey availability, but others
may reside year-round in areas bounded by tens of kilometers.

3.2.4.1 Mysticete Acoustic Capabilities

All species of baleen whales produce some form of LF sound below 400 Hz (Thompson et al.,
1979; Watkins and Wartzok, 1985; Clark, 1990; Edds-Walton, 1997). From the perspective of
potential acoustic impact from anthropogenic LF sounds, mysticetes can be divided into the
following two genera categories based on considerations of water depth, frequency band in
which most species produce sound, and predicted frequency band of best hearing:

Pelagic Species - The pelagic category contains the five of six rorqual species.
Pelagic species are found extensively in the open ocean throughout the year. Their
breeding or calving areas are not known but are believed to be offshore. They
occasionally feed aong shelf edges and dive to depths of at least 300 m (1,000 ft).
They produce very LF, repetitive sounds with most sound energy in the 15-200
Hz band.

Coastal Species - The coastal species category (gray, humpback, southern right,
northern right, and pygmy right whales) are primarily found in coastal areas
except when migrating. They breed and calve in traditional shallow water areas.
They produce highly variant, complex mixtures of sounds spanning
approximately the 30-5,000 Hz frequency band, but the majority of sound energy
is in the 80-400 Hz band.
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Sound is the primary modality for such necessary behaviors as communication, for example as
contact calls (Clark, 1983; Clark, 1989), and in male mating displays (Tyack, 1981).

No direct measurements of auditory thresholds in mysticetes have been made. It is generdly
believed that their auditory systems are well adapted for hearing at frequencies below 400 Hz
(Fleischer, 1976, 1978; Ketten et al., 1993; Ketten, 19944), and they likely hear best in the
frequency range of their calls. For this reason the mysticete species described here are considered
sensitive to LF sound.

Table 3.2-3 summarizes information on the protected status as designated by the ESA, CITES,
and the IUCN. Also included in the table are data on the distribution, abundance, diving
behavior, sound production and hearing of the ten mysticete whale species being evaluated for
potentia impacts.

3.2.4.2 Pelagic Mysticete Species

The blue whale occurs in al oceans of the world. The species is currently divided into two
forms. Balaenoptera musculus (found in the Southern Hemisphere, the North Atlantic and the
North Pacific Oceans), and B. m. brevicauda (the pygmy blue whale, found in the sub-Antarctic
Indian Ocean and the southeast Atlantic Ocean) (Clapham and Brownell, 1996). They are
primarily pelagic but are found along shelf areas during feeding (Yochem and Leatherwood,
1985). The globa population estimate is about 11,200-13,000 individuals (Maser et al., 1981;
U.S. Department of Commerce, 1983) with some stocks at extremely low levels as a result of
commercial whaling. Blue whales are currently endangered under the ESA and protected under
CITES, and classified as endangered by the IUCN.

Blue whales feed almost exclusively on euphausids, or krill, with dive depths tracking the depths
of prey schools (Rice, 1978; Croll et a., 1999). Generally, blue whales make 5-20 shallow dives
a 12-20 second intervals followed by a deep dive of 3-30 minutes (Mackintosh, 1965;
Leatherwood et a., 1976; Maser et al., 1981; Yochem and Leatherwood, 1985; Strong, 1990;
Croll and Tershy, pers. abs.). Croll and Tershy (pers. obs.) found that the dive depths of blue
whales foraging off the coast of California during the day averaged 132 m (433 ft) with a
maximum recorded depth of 204 m (672 ft) and a mean dive duration of 7.2 minutes. Nighttime
dives are generally less than 50 m (165 ft) in depth (Croll and Tershy, pers. obs.; Croll et a.,
1999). Important foraging areas include the edges of continental shelves and ice edges in polar
regions (Yochem and Leatherwood, 1985; Rellly and Thayer, 1990). Swimming speeds during
feeding are in the 0-6.5 kph (0-3.5 kt) range.

Traditionally, it was assumed that distribution and movement patterns consisted of seasonal
migrations between higher latitudes for foraging and lower latitudes for mating and calving
(Mackintosh, 1965; Lockyer, 1984). More recent data indicate that some summer feeding takes.
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place at low latitudes in “upwelling-modified” waters (Reilly and Thayer, 1990), and that some
whales remain year-round at either low or high latitudes (Y ochem and L eatherwood, 1985; Clark
and Charif, 1998). Swimming speeds during migration are between 5-33 kph (2.7-17.8 kt)
(Lockyer, 1981; Gagnon and Clark, 1993).

Calving and mating occur in late fall and winter (Millais, 1906; Mackintosh and Whedler, 1929;
Nishiwaki, 1952; Tomilin, 1957). Specific breeding areas are unknown and mating is assumed to
occur in pelagic waters some time during the fall and winter when blue whales are in middle
latitudes.

Blue whales produce a variety of LF sounds in a 10-100 Hz band (Cummings and Thompson,
1971; Edds, 1982; Thompson and Friedl, 1982; Alling and Payne, 1991; McDonald et al., 1995;
Clark and Fristrup, 1997; Rivers, 1997; Ljungblad et al., In Press, Stafford et al. 1998, 19993,
1999b). The most typical signals are very long, patterned sequences of tonal infrasonic soundsin
the 15-40 Hz range. Estimated source levels are as high as 188 to 190 dB (Cummings and
Thompson, 1971; NRC, 1997) In temperate waters, intense bouts of long, patterned sounds are
very common from fall through spring, but these also occur to alesser extent during the summer
in high latitude feeding areas. Short sequences of rapid frequency-modulated (FM) calls in the
30-90 Hz band are associated with animals in socia groups (Clark, pers. obs.; McDonald, pers.
comm.; Moore et a., 1999). The seasonality and structure of long, patterned sounds suggest that
these are male song displays for attracting females and/or competing with other males. The
context for the 30-90 Hz calls suggests that they are communicative but not related to a
reproductive function.

There are no data on hearing sensitivity for blue whales. In a study of the morphology of the
auditory mechanics, Ketten (1994a) hypothesized that the blue whale has excellent LF hearing.

The fin whale iswidely distributed and is found in all oceans of the world in pelagic and coasta
areas. Most populations appear to be recovering from commercia whaling, and the global
population estimate is about 100,000-150,000 (Maser et a., 1981; U.S. Department of
Commerce, 1983). They are currently endangered under the ESA and protected under CITES,
and classified as endangered by the IUCN.

Fin whales feed primarily upon planktonic crustaceans, but also take fish and squid (Gambell,
1985a; Piatt et al., 1989; Piatt and Methven, 1992). Generaly, fin whales make 520 shallow
dives 13-20 seconds in duration followed by a deep dive of 1.5 to 15 minutes (Gambell, 1985z;
Strong, 1990; Croll and Tershy, pers. obs). Croll and Tershy (pers. obs.) recorded dive depths of
100-200 m (330-660 ft), with maximum depths of 300 m (1,000 ft) (Panigada et al., 1999). Dive
depths and duration were significantly shorter at night than during the day, presumably in
response to the daily vertical migrations of prey schools. Foraging areas tend to occur along
continental shelves with productive upwellings or thermal fronts (Gaskin, 1972; Sergeant, 1977,
Nature Conservancy Council, 1979). They tend to avoid tropical and pack ice waters (Meredith
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and Campbell, 1988), with the northern limit set by ice and the southern limit by warm water of
approximately 15°C (60°F) (Sergeant, 1977).

Like blue whales, it is assumed that distribution and movement patterns consist of seasonal
migrations between higher latitudes for foraging and lower latitudes for mating and calving
(Mackintosh, 1965; Lockyer, 1984). Recent data indicate that some whales remain year-round at
high latitudes (Clark and Charif, 1998) and other areas such as the Gulf of California (J. Urban,
UABCS, La Paz, BCS. Mexico, pers. comm.), migrating only short distances of 100-200 km
(53.9-107.9 nm) (Agler et al., 1993). Swimming speeds can be very high, with average rates
between 9-12 kph (5-7 kt) (Ray et a., 1978; Watkins, 1981). Calving and mating occur in late
fall and winter (Millais, 1906; Mackintosh and Wheeler, 1929; Nishiwaki, 1952; Tomilin, 1957).
Specific breeding areas are unknown and mating is assumed to occur in pelagic waters,
presumably some time during the winter when whales are in mid- latitudes.

Fin whales produce a variety of LF sounds, primarily in the 15-200 Hz band (Watkins, 1981,
Watkins et a., 1987; Edds, 1988; Thompson et al., 1992;). The most typica signals are long,
patterned sequences of short duration (0.5-2 seconds) infrasonic pulses in the 18-35 Hz range
(Patterson and Hamilton, 1964; Watkins et a., 1987). Estimated source levels are as high as 186
dB (Patterson and Hamilton, 1964; Watkins et a., 1987; Thompson et al., 1992; McDonald et al .,
1995). In temperate waters intense bouts of long, patterned sounds are very common from fall
through spring, but also occur to alesser extent during the summer in high-latitude feeding areas
(Clark and Charif, 1998). Short sequences of rapid FM calls in the 20-70 Hz band are associated
with animals in social groups (Clark, pers. obs.; Watkins, 1981; Edds, 1988; McDonald et al.,
1995). The seasonality of the bouts of patterned sounds suggests that these are male reproductive
displays (Watkins et a., 1987), while the individual counter-calling data of McDonald et a.
(1995) suggest that the more variable calls are contact calls.

There are no data on hearing sengitivity for fin whales. In a study of the morphology of the
mysticete auditory mechanics, Ketten (1994a) hypothesized that the fin whale has excellent LF
hearing.

The Bryde's whale is found in low densities throughout the tropical and subtropical waters of
the world (Omura, 1959). They are most commonly encountered in waters warmer than 15-20°C
(60-70°F), between 40°N and 40°S latitudes. Population estimates for most regions are not
available. In the western North Pacific, estimates range from 10,000 (Best, 1975) to 49,000
(Ohsumi, 1978). Nishiwaki (1972) speculated that due to this species’ limited migration and
confined distribution, the total world population is likely to be relatively small. They are
currently classified as a data deficient species by the IUCN.

Bryde' s whales feed primarily on schooling fish (i.e., sardines, herring, pilchard, mackerel) and
euphausids (Best, 1960; Nemoto and Kawamura, 1977; Cummings, 1985a; Tershy, 1992; Tershy
et a., 1993). Tershy (1992) reports that Bryde' s whales increased feeding around dawn and dusk.
Cummings (1985a) reports that Bryde's whales come to the surface as often as every minute and
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dive for aslong as 20 minutes. Dive depths are not known but are assumed to be similar to those
of blue and fin whales.

Best (1960) reported that Bryde' s whales breed throughout the year off South Africa, and Tershy
et al. (1990) reported Bryde' s whale calves present throughout the year in the Gulf of California.
Best (1975) also reported that the offshore population off South Africa breed only in the fall.
Data on the speed of travel are not available, but are assumed to be similar to those of blue and
fin whales (Croll and Tershy, pers. obs.). There is some evidence that Bryde's whales remain
resident in areas throughout the year, migrating only short distances (Best, 1960; Tershy, 1992).

Based on limited sound recordings, Bryde's whales are known to produce a variety of short-
duration (0.2 to 1.5 second), FM sounds in the 70-245 Hz band (Cummings, 1985a; Edds et al.,
1993). Source levels were estimated at 156 dB. The function of the sounds produced by Bryde's
whales is unknown, but sounds are assumed to be used for communication. There are no data on
hearing sensitivity for the Bryde's whale. By comparison to what little is known about
Balaenopterid auditory mechanics, it is assumed that they have excellent LF hearing (Ketten,
19944).

The sei whale is broadly distributed, is primarily found in temperate zones of all oceans, and
does not venture as far into polar waters as blue, fin, or minke whales. Allen (1980) estimated the
abundance of sei whales as 14,000 for the North Pacific and 37,000 for the Southern Hemisphere
populations. Sigurjonsson (1995) estimated the North Atlantic population size at approximately
13,500 individuals. Sei whales are currently endangered under the ESA protected under CITES,
and classified as endangered by the IUCN.

As with other members of the family Baaenopteridae, sei whales are assumed to migrate to
higher latitudes where they feed during the late spring through early fall and then migrate to
lower latitudes where they breed during the fall through winter. Whalers considered the sei
whale to be one of the fastest whale species, however, records of the movement speeds of sel
whales are not available.

In the North Pacific, sei whales can be found during the summer from California to the Gulf of
Alaska, across the Bering Sea and off the coasts of Korea and Japan. During the winter, centers
of abundance move south to around 20°N (Gambell, 1985a). In the eastern North Pacific sei
whales have been reported during the summer between 35-55°N. Little is known of stock
separation, but three stocks are recognized (Leatherwood and Reeves, 1983). Less is known of
the distribution of sei whales in the North Atlantic. In the eastern North Atlantic, they are
believed to reside off Nova Scotia and Labrador during the summer and to winter as far south as
Florida (Leatherwood and Reeves, 1983). In the western North Atlantic, they are found in the
Denmark Strait, the Norwegian Sea, and in the vicinity of Great Britain where they mostly feed
during the summer. In the winter months they are found off Spain, Portugal, and northwest
Africa (Gambell, 1985a).
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Generdly the movements of sei whales in the Southern Hemisphere are similar to those of fin
and blue whales (Gambell, 1985a), except they do not migrate as far south. Their main summer
concentrations are between 40-50°S. In the winter, sei whales are present off Brazil, the east and
west coasts of South Africa, and Australia. Open ocean wintering grounds are not known
(Gambell, 19854).

Sel whales feed predominantly on copepods in the higher latitudes and predominantly on
schooling fish in the lower latitudes (Jonsgard and Darling, 1977; Rice, 1977; Nemoto and
Kawamura, 1977; Kawamura, 1994; Sigurjonsson, 1995). Sei whales make shallow dives of 20-
30 m (65-100 ft) followed by a deep dive up to 15 minutes in duration (Gambell, 1985a). The
depths of sei whale dives have not been well studied; however, the composition of their diet
suggests that they rarely perform dives in excess of 100 m (330 ft). No specific breeding areas
are known, athough mating presumably occurs some time when sei whales are at lower latitudes
during the fall and winter.

Few sounds have been recorded from sai whales. Knowlton et al. (1991) and Thompson et al.,
(1979) recorded rapid sequences of FM pulses in the 1.5-3.0 kHz range near groups of feeding
sel whales during the summer off eastern Canada. There are no data on hearing sensitivity for sei
whales. By comparison to what little is known about Balaenopteran auditory mechanics, it is
assumed that the sei whale has excellent LF hearing (Ketten, 1994a).

The minke whale is found throughout all oceans of the world. As with other balaenopterids,
minke whales migrate to higher latitudes where they feed during the late spring through early fall
and to lower latitudes where they breed during the fall through winter. Minke whales are
widespread and abundant in the North Atlantic (Stewart and Leatherwood, 1985). They have
been commercially exploited since at least 1923 (Kellogg, 1931), but global populations appear
to be healthy. Minke whales are listed as IUCN lower risk/near threatened species.

When traveling, minke whales surface once or twice before sounding (Horwood, 1981) and are
thus easily missed. Because they feed on small schooling fish near the surface, dive depths are
likely to be relatively shallow (less than 300 m or 1,000 ft). Normal swimming speed has been
reported as 6.1 kph (3.2 kt) (Lockyer, 1981). During migration, speeds of up to 25.9 kph (14 kt)
have been observed (Lockyer, 1981). Folkow and Blix (1993) radio-tagged four minke whales
and reported that surfacing rates were significantly higher during the day than at night.
Markussen et a. (1992) modeled the activity budget of minke whales and assumed that 6 hr/day
is spent in resting or sleeping, 14 hours per day is spent swimming at 6.1 kph (3.3 kt), and 4
hours per day is spent swimming at 25.9 kph (14 kt).

Breeding appears to take place during the winter in warmer waters, but little is known of

breeding areas (Kasamatsu et al., 1995). Kasamatsu et al. (1995) also suggested that breeding
populations are relatively dispersed in open waters.
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Minkes produce a variety of sounds, primarily in the 80-5,000 Hz range. In the Northern
Hemisphere, sounds recorded include “grunts,” “ thumps,” and “ratchets’ from 80-850 Hz and
pings and clicks from 3.3-20 kHz. Most sounds during the winter consist of 10-60 second
sequences of short 100-300 microsecond pulses (Winn and Perkins, 1976; Thompson et al.,
1979; Méllinger and Clark, 2000). Sounds recorded in the Southern Hemisphere include “whistle
series, clanging bell series, clicks, screeches, LF grunts, and FM modulated sweeps’ (Schevill
and Watkins, 1972; Leatherwood et al., 1981). The function of the sounds produced by minke
whales is unknown, but they are assumed to be used for communication. There are no data on
hearing sengitivity for the minke whale. Analysis of the inner ear of minke whales suggests that
they have excellent LF hearing (Ketten, 1994a).

3.2.4.3 Coastal Mysticete Species

The humpback whale occurs worldwide. It is a coastal species that travels over deep pelagic
waters during migrations between higher latitude feeding areas and lower latitude breeding aress.
Almost all feeding occurs during the late spring through early fall in mid-to-high-latitude areas in
shallow coastal waters or near the edge of a continental shelf. Calving takes place in shallow
waters in isolated tropical areas from late fall through late winter. Breeding is assumed to take
place in or near these calving areas during the same period. Data indicate that not all animals
migrate during the fall from summer feeding to winter breeding sites and that some whales
remain year-round at high latitudes (Christensen et al., 1992; Clapham, et al. 1993).

Humpback whales were severely over-hunted in the early 1900s and protected from all
commercial hunting in 1966. Since then most populations have shown significant recovery.
Existing population estimates vary from ocean to ocean (see Table 3.2-3). Population estimates
for the North Pacific range from 1,407 (Baker and Herman, 1987) to 2,100 (Darling and
Morowitz, 1986), but these are probably underestimates given increases in other populations.
Estimates for the Southern Hemisphere south of 30°S are on the order of 13,000-15,000
(Butterworth et al., 1993). The best estimate for the North Atlantic population is 10,600 (Smith
et a., 1999). Humpback whales are endangered under the ESA, protected under CITES, and
classified as endangered by the I[UCN.

Maximum recorded swimming speeds are 27 kph (15 kt) (Tomilin, 1957). Estimated speed
during migration is about 8 kph (4.3 kt) (Chittleborough, 1953), while an average minimum
speed of 4.7 kph (2.6 kt) has been calculated from photo-identification data. A tagged whale in
the western North Atlantic traveled 260 km (140 nm) between two foraging areas with an
average minimum speed of 5.6 kph (3 kt) (Croll, et a., 1999), and other tagged humpbacks have
moved more than 100 km/day (54 nm/day) (Watkins et a., 1978, 1981).

Humpback whales have well-defined breeding areas in tropical waters near usually isolated
isands. In the North Pacific there are breeding grounds around the Mariana Islands, Bonin,
Ogasawara, Okinawa, Ryukyu Island, and Taiwan; around the main Hawaiian Islands; off the tip
of Bgja California; and off the Revillagigedo Islands. In the North Atlantic there are breeding
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areas near the West Indies and Trinidad in the west, and the Cape Verde Idands and off
northwest Africain the east.

Because most humpback prey is likely found above 300 m (1,000 ft), most humpback dives are
probably relatively shallow and less than five minutes in duration. Humpbacks eat a wide variety
of small schooling prey including schooling fish and euphausids (krill), which they capture using
avariety of prey-concentrating techniques. The deepest recorded humpback dive was 240 m (790
ft) (Hamilton et al., 1997). Dives on feeding grounds ranged from two to five minutes in the
North Atlantic (Crall, et a., 1999). In southeast Alaska average dive times were 2.8 minutes for
feeding whales, 3.0 minutes for nonfeeding whales, and 4.3 minutes for resting whales
(Dolphin, 1987). In the Gulf of California, humpback whale dive times averaged 3.5 minutes
(Strong, 1990).

Humpbacks produce a great variety of sounds in a range from 20 Hz to 10 kHz. During the
breeding season males sing long, complex songs, with frequencies in the 25-5,000 Hz range and
intensities with mean source levels of 165 dB (broadband rms) (Frankel, 1994). The songs
appear to have an effective range of approximately 10-20 km (06-12 nm). Socia sounds in the
breeding areas extend from 50 Hz to more than 10 kHz with most energy below 3 kHz (Tyack
and Whitehead, 1983; Richardson et a., 1995b). Feeding groups produce distinctive sounds
ranging from 20 Hz to 2 kHz (Thompson et al., 1986). These sounds are attractive and appear to
raly animals to the feeding activity (D’Vincent et a., 1985; Sharpe and Dill, 1997). There are no
direct data on hearing sensitivity for humpback whales. In a study of the morphology of auditory
mechanics, Ketten (19944, b) hypothesized that humpbacks have excellent LF hearing.

The gray whale is probably the most coastal of all the mysticetes. Gray whales are confined to
the shallow waters of the continental shelf from the Bering and Chukchi seas south to southern
Japan in the west and the tip of Baja Cdlifornia in the east. Every year most of the population
makes a large north-south migration from high latitude feeding grounds to low latitude breeding
grounds. They generaly dive to the bottom in shallow waters less than 80 m (260 ft) deep to feed
primarily on benthic amphipods. Average dive times of foraging whales are 4-5 minutes (Rice
and Wolman, 1971). The eastern Pacific stock of gray whales was listed as endangered under the
ESA, but has recently been de-listed. The western Pacific stock is extremely low and is still
listed as endangered by the ESA.

Most gray whales in the eastern Pacific mate or give birth during the winter in or near the
shallow water lagoons along the west coast of Bgja California (Scammon, 1874), where they
have migrated from summer feeding grounds in the Bering Sea. The timing and main migratory
paths are well known (Jones et a., 1984). Migrating gray whale adults travel about 6-8 kph (2-
4.3 kt). Radio-tagged adults traveled about 85 km/day (46 nm/day) during the northern
migration. Daily distance traveled was greater farther north than it was in Baja California and
Southern California (Mate and Harvey, 1984).
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Gray whales produce a variety of sounds from 15 Hz to 20 kHz (Dahlheim et a., 1984; Moore
and Ljungblad, 1984). The most common sounds are knocks and pulses in frequencies from
<100 Hz2 kHz. The source level for some of these sounds is as high as 185 dB (Cummings et
al., 1968). The rate of sound production in gray whales may be related to social activities -- they
were relatively silent when dispersed across summer feeding grounds, made slightly more
sounds when migrating, and generated the most sounds when on their winter breeding/calving
grounds (Dahlheim, 1987; Dahlheim and Ljungblad, 1990; Crane and Lashkari, 1996). There are
no data on hearing sensitivity for gray whales. In a study of the morphology of auditory
mechanics Ketten (1994a) hypothesized that gray whales have good LF hearing.

Northern and southern right whales occur in the Atlantic and Pacific oceans as well as off the
southern bight of Australia. The global population is estimated at less than 3,000 animals,
making right whales the most endangered large whale in the world. Severa of the stocks are
nearly extinct or extremely endangered. From late winter to fall they breed and give birth in
temperate shallow areas, migrating into higher latitudes where they feed in coastal waters during
the winter through fall. Right whales are endangered under ESA, protected under CITES, and
classified as endangered by the [UCN.

Right whales feed primarily on copepods but sometimes on euphausids (krill) along coastal areas
(Omura, 1958; Omura et al., 1969). They have been known to occasionally move offshore into
deep water, presumably for feeding (Mate et a., 1997). They typicaly feed by surface skimming
but will on occasion dive through the water column to reach deeper layers of food (Jefferson et
a., 1993). Northern right whales dive as deep as 306 m (1,000 ft) (Mate et al., 1992). In the
Great South Channel, average dive times were nearly two minutes; the average dive depth was
7.3 m (24 ft) and the maximum at 85.3 m (280 ft) (Winn et al., 1994). On the outer continental
shelf of the U.S,, the average northern right whale diving time was about 7 minutes (CETAP,
1982). Six northern right whales tracked by satellite had average swim speeds of 1-3.5 kph (0.5-
1.9 kt); average speeds in breeding areas ranged from 0-4 kph (0-2.2 kt) (Mate et al., 1997).
Southern right whales are not regarded as deep divers since they find their prey near the surface,
and maximum submergence times are about 20 minutes (L eatherwood and Reeves, 1983).

Southern right whales produce a great variety of sounds in the 40-5,000 Hz range, and sounds are
used for communication over distances of up to 10 km (5.3 nm) (Payne and Payne, 1971,
Cummings et a., 1972; Clark, 1980; 1982; 1983). Maximum source levels for right whale calls
have been estimated at 172-187 dB (Cummings et al., 1972; Clark, 1982). Sounds are used as
contact calls and for mediating a range of social activities (Clark, 1982, 1983). Females produce
sequences of wild screams and roars that appear to attract males into highly competitive mating
groups (Clark, 1982). Northern right whales produce calls similar to southern right whales, but
little information is available except that they produce LF moans below 400 Hz (Watkins and
Schevill, 1972; Thompson et al., 1979; Spero, 1981). There are no data on hearing sensitivity for
right whales. In a study of the morphology of auditory mechanics, Ketten (1994a) hypothesized
that right whales have excellent LF hearing.
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The pygmy right whale is the least known baleen whale. It is confined to waters between 30°S
and 60°S, where it feeds on copepods. There are no detailed data on abundance, fine scale
distribution, breeding, or movements. It has been observed in Tasmania throughout the year
(Leatherwood and Reeves, 1983). It occurs during the southern winter in South Africa,
particularly between False Bay and Algoa Bay (Evans, 1987). Sounds produced by one
temporarily captive juvenile were from 60 to 300 Hz (Dawbin and Cato, 1992). There is some
evidence for an inshore movement in spring and summer, but no long-distance migration has
been documented (Leatherwood and Reeves, 1983). Breeding areas are unknown. Mating and
calving seasons are unknown, but are believed to be protracted (Ross et al., 1975; Lockyer, 1984;
Baker, 1985). The pygmy right whale does not seem to be a deep or prolonged diver; however, it
apparently spends little time at the surface (Leatherwood and Reeves, 1983). It is not federaly
listed under the ESA. However, the IUCN lists it as alower risk/least concern species.

3.2.5 Cetaceans (Odontocetes)

The odontocetes, or toothed whales, comprise about 70 species of marine mammals. They feed
mainly on squid and fish. Odontocetes often forage in groups, and coordinated foraging
behavior, such as herding prey, has been observed. There is evidence that this coordination is
mediated by acoustic contact (Richardson et al., 1995b). Odontocetes share with the mysticetes
the characteristics ascribed to all cetaceans in Subchapter 3.2.4.

Odontocete social systems range from solitary (e.g., pygmy and dwarf sperm whales) to highly
socia (e.g., sperm whales and killer whales) (Mann et al., 2000). Complex social structures are
well documented in several species (e.g., killer whales, sperm whales, pilot whales), where
extended family groups exist and family bonds may be maintained over decades (Bigg et al.,
1990; Connor et a., 1998). Many odontocete species are gregarious and may be found in groups
of 3 to 3,000 (Wade and Gerrodette, 1993; Evans, 1994) and nay be very vocal during social
interactions such as mating and sexual activity, dominance interactions, and maternal behaviors
(Richardson et a., 1995b). There is increasing evidence that certain sounds serve to identify
individuals (Caldwell et al., 1990; Sayigh et al., 1990; Sayigh et al., 1993: in, Richardson et a.,
1995b). These socia structures influence the distribution of animals, and might influence the
manner in which they respond to disturbance.

Most species of odontocetes are known to produce sounds (mostly in the mid-to high-frequency
range), and severa are known to use sound for communication (Norris and Dohl, 1980; Tyack
and Clark, 1998; Weilgart and Whitehead, 1990). Odontocetes studied have been found to
echolocate by using echoes from their own HF and ultrasonic pulses to determine the direction,
range and characteristics of objects in the water (review in Richardson, et al., 1995b; Au, 1993,
1997). This is the basis for the genera assumption that all odontocetes use echolocation to find
food, to navigate, and to orient, although empirical data are limited.
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Most odontocetes produce a wide variety of sonic and ultrasonic sounds. These sounds can be
categorized as:

Tonal whistles - Most odontocete whistles are narrowband sounds that exhibit
frequency modulation, with most of their energy below 20 kHz. Narrowband LF
cals as low as 300 to 900 Hz have been recorded from bottlenose dolphins off
eastern Australia (Schultz et al., 1995 in: Richardson et a., 1995b). Whistles vary
widely, in terms of frequency patterns, duration, repetition of patterns, etc.

Clicks and other pulsed sounds - These sounds are of very short duration, and
some may be used in echolocation. Echolocation pulses are generaly directional,
forward-projecting sounds of high intensity and frequency. Each pulse is very
brief, typically 50 to 200 microseconds in duration (Au, 1993, in: Richardson et
al., 1995b). Sperm whale clicks are repeated at rates of 1-90 per second (Watkins
and Schevill, 1977; Watkins & al., 1985; both in: Richardson et al., 1995b). In
killer whales, the pulse repetition rate for echolocation clicks is 6-18 clicks per
second (Ford and Fisher, 1982, in: Richardson et al., 1995hb).

Rapid bursts of pulsed sounds - Many killer whale social sounds are examples
of this category, with energy in the frequency band between 500 Hz and 25 kHz.
Other odontocetes produce burst-pulsed sounds, which are often described with
terms like cries, grunts, and barks.

Richardson et al. (1995b) reviewed the limited research on hearing ranges in odontocetes. Of the
eight species studied (which did not include the sperm or beaked whales), the low end of the
range was measured in bottlenose dolphins (40-75 HZz). The hearing range of at least some
individuals of al eight of the species tested extended up to 80-150 kHz. However, for the species
studied, hearing was most sensitive and acute in the frequencies of 10-100 kHz.

Table 3.2-4 provides specific information on the protected status (according to the ESA, CITES,
and IUCN), distribution, abundance, diving behavior, sound production and hearing of
odontocetes. For the purpose of this OEIS/EIS, odontocetes are discussed further below in terms
of groups of species, or “guilds,” with common ecologic and demographic characteristics:

Deep Divers;

Large Pelagic Odontocetes;
Small Pelagic Odontocetes; and
Small Coastal Odontocetes.
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Odontocete Deep Divers
Family: Physeteridae
Physeter macrocephalus Sperm whale
Family: Kogiidae
Kogia breviceps Pygmy sperm whale
Kogia simus Dwarf sperm whale
Family: Ziphiidae (Beaked Whales)
Hyperoodon ampullatus Northern bottlenose whale
Hyperoodon planifrons Southern bottlenose whale
Berardius bairdii Baird’s beaked whale
Berardius arnuxii Arnoux’s beaked whale
Ziphius cavirostris Cuvier’'s beaked whale
Mesoplodon species 14 species
Tasmacetus shepherdi Shepherd’s beaked whale
Family: Monodontidae
Delphinapterus leucas Beluga or white whale

3.2.5.1 Odontocete Deep Divers

Species in this group are typically found in deeper ocean waters and are all pelagic, deep divers
that feed primarily on squid (Croll et al., 1999). Their distribution varies, with the largest of the
group, the sperm whale, distributed throughout the world. Others are more restricted in their
distribution, such as the northern bottlenose whale that is found only in the North Atlantic. Most
of the beaked whale species in the family Ziphiidae are poorly known and little studied.

Some members of this group dive more than a 1,000 m (3,280 ft) below the surface. Sperm
whales, the largest odontocetes and probably the deepest cetacean divers, have been recorded
diving to depths of more than 3,000 m (9,800 ft) with dives lasting as long as two hours (Clarke,
1976; Watkins et al., 1985). Typical sperm whale foraging dives last about 40 minutes and
descend to about 400 m (1,300 ft), followed by eight minutes rest at the surface (Gordon, 1987;
Papastavrou et al., 1989).

These deep diving species have the longest maturation interval and among the lowest
reproduction rates of al cetaceans. The sperm whale has been the most studied of this group. The
sperm whale is a seasonal breeder, with a prolonged breeding season extending from late winter
through early summer. Females are sexually mature at 7 to 13 years (Rice, 1989), and then give
birth about every four to six years (Best et al., 1984) while males mature at 18 to 21 years.
Gestation lasts 14 b 15 months, and caving season is between November and March in the
Southern Hemisphere (Klinowska, 1991 in: Simmonds and Hutchinson, 1996). They can live up
to 60-70 years (Rice, 1989).
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The frequency range of sperm whale clicks is from less than 100 Hz to 30 kHz, with most energy
at 2-4 kHz and 10-16 kHz (Watkins and Schevill, 1977; Watkins et al., 1985, both in: Richardson
et al., 1995b). Large male sperm whales show stable peaksin click spectra at 400 Hz and 2 kHz;
females show less stable peaks at 1.2 and 3 kHz. However, detectable energy has been found up
to 15 kHz (Goold and Jones, 1995). Peak pressure levels of clicks have been recently measured
at up to 223 dB (Mahl et al., 2000). Watkins and Schevill (1975) reported that sperm whales
have good hearing sensitivity above 2.5 kHz and are known to be sensitive to changes in their
acoustic environment (Watkins and Schevill, 1975; Watkins et al., 1985). There are more recent
suggestions that they can hear at higher frequencies based on auditory brainstem response of a
neonatal sperm whale (Carder and Ridgway, 1990). Ketten (1994b) stated that because of its
size, the sperm whale might be expected to have good LF hearing; however, the inner ear

resembles that of most dolphins and is adapted for ultrasonic reception. Base on inner ear

anatomy, she predicted that the functional lower limit of sperm whale hearing would be near 100
Hz. This is consistent with measurements of evoked response data from one stranded sperm

whale (Gordon et a., 1996).

The pygmy and dwarf sperm whales are small, relatively solitary, apparently deep-diving,
whales that live in temperate to tropical deep waters from 60°N to 40°S around the world. They
are especially common along continental shelf breaks (Evans, 1987; Jefferson et al., 1993). Very
little is known about any aspect of their biology, athough they are thought to be relatively
abundant. Based on their geographic distribution and the habitat of their preferred prey, it is
likely that both species are deep divers. In the Gulf of California, dwarf sperm whales dive for as
long as 43 minutes (Breese and Tershy, 1993). Surface behavior of Kogia species in the Gulf of
Cdlifornia consisted of resting at the surface for approximately one minute, followed by a brief
dive of less than three minutes (Willis and Baird, 1998). In the same area, 59 dive intervals of
Kogia species indicated a median dive time of 8.6 minutes and a median resting time at the
surface of 1.2 minutes, dives up to 25 minutes and resting periods at the surface of up to 3
minutes were common (Willis and Baird, 1998).

There are no data on sound production in the wild for either pygmy or dwarf sperm whales.
Recent recordings from captive pygmy sperm whales indicate that they produce sounds between
60 and 200 kHz with peak frequencies at 120-130 kHz (Santoro et al., 1989; Carder et al., 1995).
Thomas et al., (1990a) recorded a LF sweep ascending sound, heard singly or in pairs, between
1.3 and 1.5 kHz from a captive pygmy sperm whale. An auditory brainstem response study
indicates that pygmy sperm whales have their best underwater hearing range between 90-150
kHz (Carder et al., 1995).

Northern bottlenose whales are the largest of the species in the family Ziphiidae, and the
second largest of al the toothed whales. These whales are a cold temperate-to-subarctic species
found in the North Atlantic, mostly seaward of the continental shelf in water deeper than 1,000 m
(3,300 ft) (Leatherwood and Reeves, 1983; Jefferson et al., 1993). Southern bottlenose whales
are thought to be found south of 20°S, with a circumpolar distribution (L eatherwood and Reeves,
1983; Jefferson et ., 1993).
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Dives of more than 60 minutes have been recorded for both southern and northern bottlenose
whales (Jefferson et al., 1993). Recently, northern bottlenose whales have been recorded diving
for as long as 70 minutes and as deep as 1,454 m (4,770 ft) (Hooker and Baird, 1999). After a
long dive, northern bottlenose whales usualy remain at the surface for ten minutes or more,
blowing at egular intervals before making another dive (Leatherwood and Reeves, 1983).
Southern bottlenose whales have been observed diving from 11-46 minutes, with an average
duration of 25.3 minutes (Sekiguchi, et al., 1993). Northern bottlenose whales produce
echolocationtype clicks between 8-12 kHz, whistles between 3-16 kHz, and clicks between 500
Hz and 26 kHz (Winn et a., 1970b). Off Nova Scotia, predominant sounds are click series and
trains ranging from 2-20 kHz (Hooker and Whitehead, 1998).

Beluga or white whale (Delphinapterus leucas) habitat is north circumpolar ranging into the
subarctic. Belugas inhabit the east and west coasts of Greenland and in North America extending
from Alaska across the Canadian western arctic to Hudson Bay (Sergeant and Brodie, 1969a).
Occasional sightings and strandings occur as far south as the Bay of Fundy (Atlantic). In the
Pacific, belugas summer in the Okhotsk, Chukchi, Bering, and Beaufort seas, the Anadyr Gulf,
and off Alaska. They are commonly found in Cook Inlet year round (Hansen and Hubbard, 1998;
Rugh et a., 1998).

Based on the best available information, NMFS has determined that the Cook Inlet stock of
belugas has declined to a level that is considered depleted under the MMPA (FR Vol 65 No.
105). However, because the stock is not in danger of extinction nor is it likely to become so in
the near future, they have determined that listing of the Cook Inlet stock of belugas under the
ESA is not warranted as of 22 June 2000 (FR Vol. 65, No. 121). This beluga stock will continue
to be included on the list of candidate species under the ESA (FR Vol 64 No. 120). This stock,
located within south-central Alaska, is genetically and geographicaly isolated from the other
Alaskan stocks of belugas. The stock includes al belugas occurring in the waters of Cook Inlet,
Kachemak Bay, Kamishak Bay, Chinitna Bay, Tuxedni Bay and freshwater tributaries to these
waters (FR Vol. 64 No. 201). Because this stock is not located within the proposed operational
areafor SURTASS LFA sonar, there is no potentia for it to be affected by the proposed action.

Seasonal movements of belugas include moving into coastal waters and river estuaries during
summer, and wintering off-shore in pack ice and polynyas (Sergeant and Brodie, 1969b). They
are Arctic species, and, therefore, the only potential area that belugas could potentialy be
affected by SURTASS LFA sonar transmission would be in the Greenland Sea. The population
estimate for this species may be in the vicinity of 60,000 (Braham, 1984).

The beluga is not a fast swimmer, with maximum bursts estimated at 20 kph (10.7 kts) and
normal cruising speeds in the range of 69 kph (3.2-4.9 kts) (Brodie, 1989). Studies on diving
capabilities of trained belugas in open ocean conditions by Ridgway et a. (1984) demonstrated a
capacity to dive to depths of 647 m (2,123 ft) and remain submerged for up to 15 min.

Affected Environment 3.2-43 Marine Organisms



Environmental Impact Statement

Belugas produce whistles in the 0.26 — 20 kHz range and vocalizations in the 0.5 — 16 kHz range
(Schevill and Lawrence, 1949; Sjare and Smith 1986a, b). Predominant echolocation frequencies
for this species occur in ranges of 40-60 kHz and 100-120 kHz and at levels of 206-225 dB (Au
et al., 1985, 87; Au, 1993). Belugas have been reported to react strongly and at long distances to
the noise from ships and icebreaking in the deep channels of the Canadian high Arctic during the
spring (Richardson et al., 1995b). They also exhibit apparent habituation as evidenced by their
tolerance of boats in various areas after their extreme sensitivity to the first icebreaker approach
of the year (Richardson et al., 1995b).

Both the Baird’s and Arnoux’s beaked whales are deep-water temperate and sub-tropical
species that are likely distributed throughout most of the world’'s oceans. Like other deep-water
species, they appear to be most abundant at areas of steep topographic relief such as shelf breaks
and seamounts. Baird's beaked whales were recorded diving for an average of 20 minutes in 30
dives off Japan, with a maximum dive of 67 minutes (Kasuya, 1986). Arnoux’s beaked whales
dove for 35-65 minutes and a maximum of 70 minutes when diving from narrow cracks or leads
in sea ice near the Antarctic Peninsula (Hobson and Martin, 1996). Baird's beaked whales have
been recorded producing sounds between 12.1-134 kHz with dominant frequencies between 23-
24.6 and 35-45 kHz (Dawson €t al., 1998).

Cuvier's beaked whale is one of the most abundant and widespread species in the family
Ziphiidae. They are found in deep, offshore waters of al oceans, from 60°N to 60°S (Jefferson et
al., 1993), but are more common in subtropical and temperate waters than in the tropical and
subpolar waters of their range (Evans, 1987). Dives up to 40 minutes duration have been
recorded, and they typically are found in groups of two to seven (Heyning, 1989; Jefferson et al.,
1993). They usually travel at a pace of 5-6 kph (2.7-3.2 kt) (Houston, 1991). No sound or hearing
data are available.

The 12 species in the genus Mesoplodon are deep-diving but poorly studied, pelagic whales that
are distributed throughout the world' s oceans between 72°N and 60°S (L eatherwood and Reeves,
1983; Jefferson et al., 1993; Carlstrom et al., 1997). New species have been described as recently
as 1997, and undescribed species may still exist. Mesoplodon species are most commonly seen as
single individuals or pairs, sometimes trios. Dives over 45 minutes have been recorded for some
gpecies in this genus (Jefferson et al., 1993). Blainville's beaked whales (M. densirostris) dive
for 20 minutes or longer (Leatherwood et a., 1988). A young beaked whale, apparently a
Blainville's beaked whale, produced chirps and whistles below 1 kHz up to 6 kHz (Caldwell and
Caldwell, 1971b, in: Richardson et al., 1995b). Hubb’s beaked whale (M. carlhubbsi) has been
recorded producing whistles between 2.6-10.7 kHz, and pulsed sounds from 300 Hz80 kHz and
higher with dominant frequencies from 300 Hz2 kHz (Buerki et al., 1989; Lynn and Reiss,
1992, both in: Richardson et al., 1995b). Little is known of the other speciesin this genus.

Like most members of the beaked whale genus Mesoplodon, very little is known about two other
beaked whale species. Shepherd’s beaked whale and Longman’s beaked whale. Longman’'s
beaked whale is perhaps the most poorly known of al marine mammals (Jefferson et a., 1993).
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It is believed that Longman’s beaked whale is limited to the Indo-Pacific region (Leatherwood
and Reeves, 1983; Jefferson et a., 1993). Recent groups of whales sighted in the equatorial
Indian and Pacific oceans have tentatively been assigned to this species (Ballance and Pitman,
1998; Pitman et al., 1998). Pitman et a. (1998) reported that groups of Longman’s beaked
whales had a mean size of 18.5 whales per group, alarge average for a beaked whale.

I nformation Regarding Strandings of Beaked Whales

Two papers have suggested that beaked whales tend to strand when there are naval operations
offshore. Simmonds and LopezJurado (1991) reported on four mass strandings of Ziphius
cavirostris between 1985-1989 in the Canary Idands. All of these mass $randings involved
Ziphius stranding at the same time as other beaked whale species. Local people reported that
nava ships were observed from shore near the stranding sites during three of the four mass
stranding events, and these were the only times that such military maneuvers were observed from
1985-1989. No data were provided on the acoustic signals transmitted by the nava ships;
however, it is very unlikely that any sonar transmissions would have involved frequencies below
1 kHz. Frantzis (1998) reported on another mass stranding of 12 or more Ziphius cavirostris
sighted along 38 km (20.5 nm) of coastline on 12-13 May 1996 in the Kyparissiakos Gulf in
Greece. There was no external sign of injury or disease in any of these juvenile whales, and
many had recently been feeding.

In searching for a potential cause of these strandings, Frantzis (1998) noted a warning had been
issued to mariners indicating that a test of a NATO low frequency sonar called LFAS was being
conducted in the gulf at the same time as the strandings. Frantzis (1998) presented data on the
number of strandings analyzed by half-year from 1992-1996, and stated that no mass strandings
or LFAS tests had occurred in the lonian Sea since 1981, except during the four-day period 11-
15 May 1996. Frantzis (1998) concluded that the probability of this association of the mass
stranding and the sonar exercise was <0.07. The statistical analysis was not described in the
paper, but it appeared to treat each four-day period during the 16.5 years from 1981 — 1997 as an
independent event during which strandings and sonar tests could be counted. The probability of
the mass stranding occurring during the four known days of sonar testing was then simply
calculated by dividing the four days by the number of daysin 16.5 years = 0.066%.

The Frantzis (1998) article stimulated the North Atlantic Treaty Organization (NATO) Supreme
Allied Commander, Atlantic Center (SACLANT) Undersea Research Centre (SACLANTCEN)
that conducted the sonar tests to convene panels to review the data, and to develop an
environmental policy. The report of these panels (SACLANTCEN, 1998) presented more
detailed acoustic data than were available for beaked whales stranded in the Canary Ilands. The
NATO sonar transmitted two simultaneous signals lasting four seconds and repeating once every
minute. The simultaneous signals each were broadcast at source levels of just under 230 dB re 1
nmPa at 1 m. One of the signals covered a frequency range from 450-700 Hz and the other one
covered 2.8-3.3 kHz. The Ziphius strandings in the Kyparissiakos Gulf occurred during the first
two sonar runs on each day of 12 and 13 May 1996. The close timing between the onset of sonar
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transmissions and the first strandings suggests closer synchrony between the onset of sonar
transmissions and the strandings than was presented in Frantzis (1998). However, the
Bioacoustics Panel convened by NATO was unable to reach a definitive conclusion due to the
lack of evidence of direct physical injury because no viable tissue samples suitable for laboratory
analysis were recovered from any of the animals. Their officia finding was “An acoustic link
can neither be clearly established nor eliminated as a direct or indirect cause for the May 1996
strandings.”

The Simmonds and LopezJurado (1991) and Frantzis (1998) papers served an important
function to alert marine mammalogists and the public of coincidences of rare strandings with
military operations. However, two problems prevent stronger inference. The papers do not have
the appropriate design for statistical analysis of conditional probability, and no such correlative
study can provide evidence for causation. Both papers started with stranding events and then
looked for some other rare event that might coincide. This strategy is useful to identify
coincidences, but is not appropriate for a statistical analysis of conditional probability concerning
two independent events. Both papers suggested that naval sonars may have caused these
strandings, but neither performed a systematic survey of naval or sonar exercises.
SACLANTCEN (1998) attempted a correlative study relating all tests of the NATO sonar with
Italian and Spanish stranding records. SACLANTCEN (1998) reported that the same NATO
sonar described in Frantzis (1998) was used n six sonar tests in the Mediterranean near the
Spanish or Italian coasts; five additional low frequency sonar tests were conducted by NATO in
the Mediterranean from 1981-1992 using source levels below 215 dB re 1 nPaa 1 m. The
SACLANTCEN (1998) review of Itaian and Spanish stranding records revealed no other
coincidence of beaked whale strandings near the time and place of these sonar tests.

These papers raise concern about the effects of noise on beaked whales, but they provide no
guidance as to what exposures may be dangerous and which are safe. Correlative studies cannot
prove causation; all of these reports agree on this issue. Simmonds and LopezJurado (1991)
stated: “Very little is known about the biology of Ziphius, so the reason for the unusua
strandings can only be the subject of speculation.” Frantzis (1998) agreed: “Little is known about
whales' reactions to LFAS; to obtain definitive answers, more information needs to be gathered.”
The Bioacoustics Panel convened by NATO stated: “Behavioral responses to acoustic
transmission must be taken into consideration as a possible cause for strandings. therefore,
acoustic characteristics that induce behavioral changes or physical damage to marine animals
should be determined.”

On March 15, 2000 a number of marine mammals, including beaked whales, stranded in the
Bahamas. The U.S. Navy launched an in-depth investigation of this phenomenon with scientists
from NOAA’s National Marine Fisheries Service and others to determine the possible cause of
the strandings. The investigation has focused on a transit of seven ships and three submarines
through the area of the Northwest New Providence Channel during the morning and afternoon of
March 15" in an effort to determine if any action by these vessels could have created an
environment hazardous to marine mammals, and particularly beaked whales. The Navy is
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reviewing acoustic, oceanographic, biological and environmental data to determine whether
these transit activities may have had arole in the strandings. At the time of the publication of this
OEIS/EIS, preliminary analysis indicated that one submarine sonar and five of the seven ship
sonars were in use during the transit, and their operating frequencies and power settings were
part of the investigation. Each sonar was a standard, mainframe mid-frequency (3 to 5 kHz)
sonar of the type commonly found on surface combatants and submarines in most of the world’s
navies. They operated with standard power outputs and modes.

The SURTASS LFA sonar program has focused on the issue of the potential for LF sound
impacts on al marine animals, including beaked whales. It has been confirmed that SURTASS
LFA sonar was not involved in any of the events. Moreover, the LFS SRP made systematic
evaluation of the animals most likely to be potentially affected by LF sound. Current evidence
would suggest that while beaked whales may be sensitive to frequencies above SURTASS LFA
sonar, there is little evidence that they are more sensitive to LFA sounds than the species selected
as subjects for the LFS SRP. Thus, even if the investigation ultimately concludes that the mid-
frequency sonars in use during the transit caused or contributed to the strandings, such a
conclusion would not appear to present any significant new information relevant to the proposed
deployment of SURTASS LFAS sonar.

3.2.5.2 Large Pelagic Odontocetes: Killer Whales and " Blackfish”

Species in this group frequent offshore, pelagic waters. The killer whale is perhaps the most
cosmopolitan of al marine mammals, found in al the world's oceans from about 80°N to 77°S
(Leatherwood and Dahlheim, 1978). However, they appear to be more common within 800 km
(430 nm) of magjor continents in cold temperate to subpolar waters (Mitchell, 1975). The killer
whale is the largest member of the family Delphinidae and one of the best-studied species. They
have perhaps the most diverse food habits of any marine mammal, feeding on fishes,
cephalopods, pinnipeds, sea otters, whales, dolphins, seabirds, and marine turtles (Hoyt, 1981,
Gaskin, 1982; Jefferson et a., 1991). They have low reproductive rates.

Large Pelagic Odontocetes: Orcas and "Blackfish"

Family: Delphinidae

Orcinus orca Killer whale (orca)

Pseudorca crassidens False killer whale

Feresa attenuata Pygmy killer whale

Peponocephala electra Melon-headed whale

Globicephala macrorhynchus Short-finned pilot whale

Globicephala melas Long-finned pilot whale

The deepest dive recorded by a killer whale is 265 m (870 ft), reached by a trained individua
(Ridgway, 1986). In the Bering Sea there is some suggestion that killer whales prey on fish at
water depths of 200-300 m (660-990 ft) or more (Y ano and Dahlheim, 1995a and b). In southern
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British Columbia and northwestern Washington State, killer whales spend more than 70 percent
of their time in the upper 20 m (66 ft) of the water column; but they dive to 100 m (330 ft) or
more, with a maximum recorded dive of 201 m (660 ft) (Baird et al., 1998). Dive durations
recorded range from 1 to 10 minutes (Norris and Frescott, 1961; Lenfant, 1969; Baird et al.,
1998). Swimming speeds usually are 6-10 kph (3.2-5.4 kt), but they can achieve speeds up to 40
kph (22 kt) (Lang, 1966).

Killer whales have perhaps one of the most stable and cohesive animal societies, in which sound
production plays an essential role. Their signals carry information regarding geographic origin,
individual identity, pod membership, and activity level. As they use stedth for hunting marine
mammal prey, hearing is critical to success (Thomas et a., 1981; Hoelzel and Osborne, 1986;
Bain, 1989) Killer whaes produce sounds as low as 100 Hz and as high as 85 kHz with
dominant frequencies at 120 kHz (Schevill and Watkins, 1966; Diercks et al., 1971, 1973;
Evans, 1973; Steiner et al., 1979; Awbrey et al., 1982; Ford and Fisher, 1983; Ford, 1989). Killer
whales hear underwater sounds in the range of <500 Hz to 105 kHz (Bain et a., 1993). Their
best underwater hearing occurs at 15 kHz, where the threshold level is 34 dB (Hall and Johnson,
1972).

False killer whales are found in tropical to warm temperate zones in deep, offshore waters from
60°S to 60°N living in groups ranging from 18 to 89 whales (Stacey et al., 1994; Odell and
McClune, 1999). Reproductive rates are low. They swim at an estimated speed of 3 kph (1.6 kt)
(Brown et a., 1966). No data are available on diving. False killer whales produce sounds from 4-
130 kHz, with dominant frequencies at 495 kHz, 25-30 kHz, and 95-130 kHz (Busnel and
Dziedzic, 1968; Kamminga and Van Veden, 1987; Thomas and Turl, 1990). Underwater
audiograms indicate that the false killer whale hears down to below 1 kHz to up to 115 kHz
(Johnson, 1967; Awbrey et al., 1988; Au et al., 1993). More recent audiograms obtained for the
false killer whale (Au et al., 1997) confirm previous measurements indicating hearing thresholds
of 140 dB at a frequency of 75 Hz, 108 dB at a frequency of 1 kHz, and 70 dB at a frequency of
5kHz.

Pygmy killer whales and melon-headed whales are poorly-known, small odontocetes. Pygmy
killer whales inhabit oceanic tropical waters around the world from about 40°S to 40°N
(Cadwell and Cadwell, 1971a; Ross and Leatherwood, 1994). The melon headed whale has a
similar distribution as the pygmy killer whale, but most records are from 20°S to 20°N (Jefferson
and Barros, 1997).

Melon-headed whales feed on mesopel agic squid found down to 1,500 m (4,920 ft) deep, so they
appear to feed deep in the water column (Jefferson and Barros, 1997). Melonheaded whale
sounds are low level, with maximum source levels estimated at 155 dB for whistles and 165 dB
for click bursts. Individual click bursts of 0.1 to 0.2 seconds with 40 or more clicks at repetition
rates up to about 1,200/second have frequency emphases between 20 and 40 kHz. Dominant
frequencies of whistles are 8-12 kHz, with both upswept and downswept frequency modulation
(Watkins et d., 1997).
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Pilot whales, including the short-finned and long-finned, are relatively large, deep-water,
oceanic species that occur in temperate and subpolar zones as well as warm temperate to tropical
waters of the world. Long-finned pilot whales occur in temperate and subpolar zones from 20° to
75°N and from 5° to 70°S, excluding the North Pacific (Nelson and Lien, 1996). Short-finned
pilot whales are found in temperate to tropical waters of the world from 50°N to 40°S
(Leatherwood and Dahlheim, 1978). They have low reproductive rates (Sergeant, 1962; Kasuya
and Marsh, 1984; Martin et al., 1987; Kasuya et al., 1988; Bloch, 1994) and are considered deep
divers, feeding on fish and squid. A short-finned pilot whale was recorded as diving to 610 m
(2,000 ft) (Ridgway, 1986). Sound productions of the gregarious pilot whales are correlated with
behavioral state and environmental context (Taruski, 1979; Weilgart and Whitehead, 1990).
Long-finned pilot whales produce sounds as low as 500 Hz and as high as 18 kHz, with
dominant frequencies between 1-11 kHz (Schevill, 1964; Busnel and Dziedzic, 1966a; Taruski,
1979; Steiner, 1981; McLeod, 1986). Short-finned pilot whales produce sounds as low as 280 Hz
and as high as 100 kHz, with dominant frequencies between 2-14 kHz and 30-60 kHz (Caldwell
and Caldwell, 1969; Fish and Turl, 1976; Scheer et al., 1998). No hearing data are available.

3.2.5.3 Small Pelagic Odontocetes

Species in this group occur in deeper, offshore waters. The group includes dolphins and one
pelagic porpoise species as shown below.

Small Pelagic Odontocetes
Family: Delphinidae
Grampus griseus Risso’s dolphin
Delphinus delphis Common dolphin (short beaked)
Delphinus capensis Common dolphin (long-beaked)
Lagenodelphis hosei Fraser’s dolphin
Steno bredenansis Rough-toothed dolphin
Stenella attenuata Pantropical spotted dolphin
Stenella clymene Clymene dolphin
Stenella coeruleoalba Striped dolphin
Stenella frontalis Atlantic spotted dolphin
Stenella longirostris Spinner dolphin
Tursiops truncatus Bottlenose dolphin
Lagenorhynchus acutus Atlantic white-sided dolphin
Lagenorhynchus albirostris White-beaked dolphin
Lagenorhynchus australis Peale’s dolphin
Lagenorhynchus cruciger Hourglass dolphin
Lagenorhynchus obliquidens Pacific white-sided dolphin
Lagenorhynchus obscurus Dusky dolphin
Lissodelphis borealis Northern right whale dolphin
Lissodelphis peronii Southern right whale dolphin
Family: Phocoenidae
Phocoenoides dalli Dall's porpoise
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Risso’s dolphin is a medium-sized odontocete that inhabits deep oceanic and continental slope
waters from the tropics through the temperate regions fom 55°S to 60°N (Leatherwood et al.,
1980; Jefferson et al., 1993). They feed on squid species found more than 400 m (1,300 ft) deep,
but they may be taking them when they are closer to the surface at night. Groups of Risso’'s
dolphins average between 6 arnd 63 individuals, but groups can reach up to 2,000 (Braham, 1983;
McBreanty et al.; 1986, Kruse, 1989; Wade and Gerrodette, 1993; Miyashita, 1993).

Risso’ s dolphins produce sounds as low as 100 Hz, with dominant frequencies at 2-5 kHz and at
65 kHz (Watkins, 1967; Au, 1993). Published audiograms for Risso’s dolphins indicate hearing
a frequencies as low as 75 Hz (Johnson, 1967). More recent audiograms obtained on Risso’'s
dolphin (Au et al., 1997) confirm previous measurements and demonstrate hearing thresholds of
140 dB at a frequency of 75 Hz, 127 dB at a frequency of 1 kHz, and 70 dB at a frequency of 4
kHz.

The two common dolphin species, the short-beaked and long-beaked, are distributed
worldwide in temperate, tropical, and subtropical oceans, primarily along continental shelf and
bank regions from about 66°N to 55°S (Evans, 1994). They are the most abundant species in the
eastern tropical Pacific (Wade and Gerrodette, 1993). The deepest dive recorded for these
species is 260 m (850 ft) (Evans, 1971); however, the majority of dives are 950 m (30-165 ft)
(Evans, 1994). Common dolphins can be found in groups that reach thousands of individuals;
however, the basic socia unit may be less than 30 dolphins (Evans, 1994). In the North Pacific,
femal es reach sexual maturity at around eight years and males at 10.5 years (Ferrero and Walker,
1995) with amean calving interval of 1.3 to 2 years (Gaskin, 1992).

Common dolphins produce sounds as low as 200 Hz and as high as 150 kHz, with dominant
frequencies at 05-18 kHz and 30-60 kHz (Cadwell and Caldwell, 1968; Popper, 1980; Au,
1993; Moore and Ridgway, 1995). The maximum peak-to-peak source level of common dolphins
is 180 dB (Popper, 1980). Based on auditory brainstem responses, common dolphins hear
underwater sounds in the range of <5 kHz to 150 kHz (Popov and Kishin, 1998). The best
underwater hearing of the species occurs at 65 kHz, where the threshold level is 53 dB (Popov
and Kishin, 1998).

Fraser’s and rough-toothed dolphins are poorly known. Both occur in deep, oceanic tropical
and subtropical waters around the world and appear to be relatively abundant in certain areas
(Jefferson and Leatherwood, 1994). Fraser’s dolphin is not known to produce LF sounds,
recorded sounds have ranged from 4.3 kHz to more than 40 kHz (Leatherwood et al., 1993, in:
Richardson et al., 1995b; Watkins et al., 1994). The diving habits of both species are unknown.
Rough-toothed dolphins produce sounds as low as 100 Hz to as high as 200 kHz, but most
sounds are concentrated at the higher frequencies (Popper, 1980; Miyazaki and Perrin, 1994;
Richardson et al., 1995b). Clicks have durations of 50-250 microseconds with peak energy at 25
kHz; whistles last 100-900 microseconds and have a maximum energy at 214 kHz and at 47
kHz (Busnel and Dziedzic, 1966b, in: Richardson et a., 1995b; Norris and Evans, 1967; Norris,
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1969; Popper, 1980). The same individuals can produce both broad-spectrum clicks and whistles
at frequencies of 3-12 kHz (Watkins et al., 1994).

The five species of Stenella dolphins -- the pantropical spotted, clymene, striped, Atlantic
spotted, and spinner -- inhabit coastal and oceanic tropical and subtropical waters worldwide
from 40°S to 40°N (Perrin and Gilpatrick, 1994; Perrin and Hohn, 1994). Radio-tagged
pantropical spotted dolphins have been recorded diving to a maximum depth of 100 m (330 ft)
(Scott et al., 1993) for as long as 3.4 minutes (L eatherwood and Ljungblad, 1979). They are very
gregarious, and groups can vary from dozens to thousands depending upon the species and the
geographic area (Miyashita, 1993; Wade and Gerrodette, 1993; SuarezC. et al., 1994; Jefferson,
1995; Acevedo-Gutierrez and Burkhart, 1998). Pantropical spotted dolphins become sexually
mature at about 10 to 11 years for females and 12 to 15 years for males (Chivers and Myrick,
1993) with calving about every three years (Perrin and Hohn, 1994). Sexual maturity in the other
four speciesis reached at these ages or earlier. Calving intervals vary in the other species from 2
to 4 years. These five species are fast swimmers with the spinners being one of the most aerial
cetaceans (Norris and Dohl, 1980; Norris et al., 1994).

Dolphins of the genus Senella produce sounds as low as 100 Hz and as high as 160 kHz with
dominant frequencies at 5-60 kHz, 40-50 kHz, and 130-140 kHz (Busnel et al., 1968; Caldwell
and Caldwell, 1971b; Caldwell et al., 1973; Popper, 1980; Watkins, 1980b; Steiner, 1981;
Zanardelli et a., 1990; Mullin et al., 1994; Norriset a., 1994, Wang Ding et al., 1995; Au et al.,
1998; Ketten, 1992; Richardson et al., 1995b). Peak-to-peak source levels as high as 210 dB
have been measured (Au et a., 1998). Based on auditory brainstem responses, striped dolphins
hear underwater sounds equal to or louder than 120 dB in the range of <10 kHz to >100 kHz.
The best underwater hearing of the species appears to be at 50-70 kHz, where the threshold level
is 30-40 dB (Popper, 1980).

The much-studied and generally abundant bottlenose dolphin is distributed worldwide in
temperate to tropical waters. They occur in very diverse habitats ranging from rivers and
protected bays (Scott and Chivers, 1990; Sudara and Mahakunlayanakul, 1998) to oceanic
islands and the open ocean (Scott and Chivers, 1990). The deepest dive recorded for a bottlenose
dolphin is 535 m (1,755 ft), reached by a trained individual (Ridgway, 1986). They are found in
groups ranging up to 5,000, but median group size as calculated from many studies is about 11
(Saayman and Tayler, 1973; Lear and Bryden, 1980; Jones, 1988; Scott ad Chivers, 1990;
Miyashita, 1993; Félix, 1994; Acevedo-Gutierrez, 1997; Acevedo-Gutierrez and Burkhart,
1998).

Reproduction rates vary among stocks with females reaching sexual maturity at an average of 12
years (but as early as 3.5 years and as late as 14 years possible). Males reach maturity at an
average of 11 years, but vary from 9 to 20 years. Calving occurs every 1.3 to 2 years (Perrin and
Reilly, 1984; Kasuya, 1985).
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Bottlenose dolphins produce sounds as low as 50 Hz (Johnson, 1967 in: Richardson et al.,
1995b) and as high as 150 kHz with dominant frequencies at 0.3-14.5 kHz, 25-30 kHz, and 95-
130 kHz (Popper, 1980; McCowan and Reiss, 1995; Schultz et al., 1995; Richardson et al.,
1995b). Each individua bottlenose dolphin has a fixed, unique FM pattern, or contour, whistle
composed of similar, repetitive elements called loops (Caldwell et al., 1990). They hear
underwater sounds in the range of 150 Hz to 135 kHz (Johnson, 1967; Ljungblad et al., 1982b).
Their best underwater hearing occurs at 15 kHz, where the threshold level is 42-52 dB
(Sauerland and Dehnhardt, 1998). Target discrimination experiments have shown that bottlenose
dolphins can discriminate the shape, size, material composition and internal structure of targets
from their echoes at ranges of approximately 100 m (330 ft), depending upon the size of the
targets (Au, 1997).

The dolphins in the genus Lagenorhynchus -- the Atlantic white-sided, white-beaked, Peal€e's,
hour glass, Pacific white-sided, and dusky dolphins -- primarily inhabit coastal temperate and
cold waters; but they also occur in deep, offshore waters. The taxonomy of this genus is currently
under review (IWC, 1997). They feed on nearshore, epipelagic, and mesopelagic fish and squid.
They are not regarded as deep divers. Based on feeding habits, it is inferred that Pacific white-
sided dolphins dive to at least 120 m (395 ft) (Fitch and Brownell, 1968). A satellite-tagged
Atlantic white-sided dolphin dove an average of 38.8 seconds, with 76 percent of dives lasting
less than one minute; the dolphin was submerged 89 percent of the time (Mate et a., 1994a).
Species in this genus produce sounds as low as 60 Hz and as high as 325 kHz with dominant
frequencies at 0.3-5 kHz, 4-15 kHz, 6.9-19.2 kHz, and 60-80 kHz (Popper, 1980; Richardson et
al., 1995b). Pacific white-sided dolphins hear underwater sounds in the range of about 500 Hz to
135 kHz (Tremel et al., 1998).

The finless northern and southern right whale dolphins inhabit deep, offshore waters in the
North Pacific and between the Subtropical and Antarctic Convergence zones. They feed
primarily on mesopelagic fishes and appear capable of deep dives (Jefferson et a., 1994).
Northern right whale dolphins dive as long as 6.25 minutes (Leatherwood and Walker, 1979).
Southern right whale dolphins dive as long as 6.5 minutes (Cruickshank and Brown, 1981).
Northern right whale dolphins produce sounds as low as 1 kHz and as high as 40 kHz or more,
with dominant frequencies at 1.8 and 3 kHz (Fish and Turl, 1976; Leatherwood and Walker,
1979).

Dall’s porpoiseis found exclusively in the Northern Pacific between 32° and 62°N, primarily in
continental shelf and slope waters, although they also inhabit deep waters more than 1,000 km
(520 nm) offshore (Morgjohn, 1979; Jefferson, 1988, 1990; Jefferson et a., 1993). They are
relatively deep divers, diving to 275 m (900 ft) and for as long as eight minutes (Ridgway, 1986;
Hanson et al., 1998). Dall’s porpoises are usually found in small groups, athough aggregations
of several thousand are seen at times (Scheffer, 1949; Sullivan and Houch, 1979; Jefferson,
1988, 1990). Males become sexually mature from 4-6 years and females from 3.5-4.5 years. The
mean calving interval is about three years for the Japanese stock (Kasuya, 1978). They are

Affected Environment 3.2-52 Marine Organisms



SURTASS LFA Sonar

thought to be one of the fastest small cetaceans, and they may reach speeds of 55 kph (30 kt) for
quick bursts (Leatherwood and Reeves, 1986).

Dall’s porpoises produce sounds as low as 400 Hz and as high as 160 kHz (Ridgway, 1966;
Evans, 1973; Awbrey et a., 1979; Evans and Awbrey, 1984; Hatakeyama and Soeda, 1990;
Hatakeyama et a., 1994). They can emit LF clicks (0.04-12 kHz) (Evans, 1973; Awbrey et a.,
1979). Their maximum peak-to-peak source level is 175 dB (Evans, 1973; Evans and Awbrey,
1984 in: Richardson et a., 1995b). No hearing data are available.

3.2.5.4 Small Coastal Odontocetes
The dolphin species in this group are usually seen within sight of land and are shallow divers.

The dolphins in the genus Cephalorhynchus do, however, produce LF sounds, and so are
included for evaluation of potential impacts.

Small Coastal Odontocetes

Family: Delphinidae (Dolphins)

Cephalorhynchus commersonii Commerson’s dolphin

Cephalorhynchus eutropia Black or Chilean dolphin

Cephalorhynchus heavisidii Heaviside’s dolphin

Cephalorhynchus hectori Hector’s dolphin
Family: Phocoenidae (Porpoises)

Phocoena phocoena Harbor porpoise

The four species of Cephalorhynchus dolphins are small, found in temperate coastal waters in
the Southern Hemisphere, travel in small groups, and are brief divers (Goodall et a., 1988;
Goodall, 1994a and 1994b; Sekiguchi et al., 1998). A Heaviside's dolphin made relatively
shallow and short dives; close to 81 percent of dives were less than 20 m (66 ft); 86 percent of
dives lasted less than two minutes, and the maximum recorded dive was 104 m (340 ft)
(Sekiguchi et a., 1998). The average long dive of Hector’s dolphins lasts 89 seconds and is
followed by an interval of 54 seconds in which the dolphin breathes (Slooten and Dawson,
1994).

Dolphins of this genus produce sounds as low as 320 Hz and higher than 150 kHz, with
dominant frequencies all above 800 Hz (Watkins et al., 1977; Watkins and Schevill, 1980;
Kamminga and Wiersma, 1981; Sho-Chi et a., 1982; Evans and Awbrey, 1984; Dawson, 1988;
Evanset a., 1988; Dziedzic and De Buffrenil, 1989; Dawson and Thorpe, 1990; Au, 1993).

The maximum peak-to-peak source level for the genus ranges from 160 dB for the
Commerson’s dolphin to 163.2 dB for the Hector’s dolphin (Richardson et al., 1995b). The
Black or Chilean dolphin is restricted to the shallow, coastal waters of Chile, the Straits of
Magellan and the channels of Tierra del Fuego. It is one of the smallest of all cetaceans (adult
weight 30-65 kg [65-145 Ib]) and as many as 4,000 animals have been seen traveling together
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(Carwardine, 1995). The Harbor porpoise is found in cold temperate and sub-arctic coastal
waters (usually under 200 m [655 ft] depth) of the northern hemisphere, with most sightings
within 10 km (6 nm) of land. When feeding, it rises for breath at 10-20 second intervals, about
four timesin arow, than dives for two to six minutes.

3.2.6 Pinnipeds (Sea Lions, Fur Seals, and Hair Seals)

The natura history of pinnipeds is summarized by Gentry (1998). Pinnipeds are globaly
distributed aquatic mammals with some speciaizations for terrestrial life. The suborder includes
the true seals (family Phocidae), eared seds (family Otariidag), and the walrus (family
Odobenidae). Because walruses are not found where SURTASS LFA sonar operations could
occur, they will not be discussed further.

True seals swim with undulating motions of the rear flippers driven by back muscles, and move
caterpillar-like on land. Otariids swim with their foreflippers and move on all fours on land. On
average, pinnipeds are larger than other mammals, ranging from 50 to 2,000 kg (23 to 900 |b).
The otariids retain more extensive ties with land. Otariids suckle and mate on land while phocids
suckle on land but mate at sea.

All pinnipeds produce single, precocious young on land and males play no role in raising
offspring. While otariid females feed during lactation (making regular trips to sea to forage),
phocid females generadly fast while suckling. Because of this strategy, otariids can only ear
young in limited sites near extremely productive marine areas. Due to the limited number of such
sites, a situation arises where males can monopolize mates by defending the few pupping sites.
This leads to the polygynous breeding system found in most pinnipeds. Generally, the restriction
for otariids in finding productive offshore foraging areas adjacent to pupping sites leads to more
extreme polygyny in otariids than phocids. Most pinnipeds gather to bear young and breed once
ayear. Thisisfacilitated by delayed implantation.

Pinnipeds are generally high-level consumers taking fish, cephalopods and crustaceans. Phocids
are often benthic feeders; fur seals tend to feed on small surface-schooling fish; sea lions tend to
specialize on large or adult stages of higher trophic-level species found over continental shelves.
While a few species (e.g., monk seal, Galapagos fur seal, Galapagos sea lion) are found at low
latitudes in tropical or sub-tropical waters, most species are found in temperate or polar waters.
Foraging regions are often associated with ocean fronts or upwelling zones.

Pinniped visual systems are adapted to low light levels, consistent with feeding at depth or at
night. However, the eye structure also allows for visual acuity in air. The ers of otariids are
similar to carnivore ears while phocid ears are more water-adapted. Individuals of both groups
produce aerial sounds, and many aso produce underwater sounds. Airborne vocalizations have
been associated with territoriality and dominance displays and mother-pup recognition. The
context and function of subsurface sounds is not clear. Many appear to be socially important as
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they are often produced during the breeding season (e.g., harbor seals). Thus, many species must
be able to hear well both above and below the water. Sensitivity to sounds at frequencies above 1
kHz has been well established. Fewer studies have examined sensitivity to LF sound. However,
several generalizations may be made:

The dominant frequencies of the sounds produced by hooded seals are below
1000 Hz (Schevill et al., 1966; Terhune and Ronald, 1973; Ray and Watkins,
1975).

Audiograms for ringed, harbor, and harp seals demonstrate hearing to at least as
low as 760 Hz, the hearing threshold is flat from 1-50 kHz between 65 and 85 dB
(Mghl, 1968a; Terhune and Ronald, 1972, 1975b; Terhune, 1981).

In a recent study, Kastak (1996) found hearing sensitivity decreased in three
species of pinniped’'s (California sea lion, harbor seal, elephant seal) for
frequencies below 64 kHz, but the animals are still able to hear sounds below 100
Hz.

3.2.6.1 Otariids

The family Otariidae includes the sea lions and fur seals. Fur seals tend to feed on small surface-
schooling fish; sealions tend to specialize on large or adult stages of higher trophic-level species
found over continental shelves. The otariids include 14 extant species in seven genera (Table 3.2-
5). Most otariids are found in temperate or sub-polar waters. Tropical species are generally
located in regions of locally high productivity. Since many otariids spend the mgjority of their
time in coastal regions, they are unlikely to be affected by SURTASS LFA sonar operations.

Severa species that are listed as specia status are discussed in more detail below (Northern sea
lion [Eumetopias jubatus], Northern fur seal [Callorhinus ursinug, and Guadalupe fur seda
[Arctocephal us townsendi]).

Otariid sounds are used to defend territories and secure mates on traditiona terrestrial rookeries.
Inair vocalizations are part of the displays used to establish and defend territories, attract
females, and form and maintain the mother-pup bond. Maes of at least two species (Juan
Fernandez fur seal and California sea lion) use underwater sound to defend aquatic territories
(Croll et al., 1999).

The underwater sounds of otariid species other than California sea lions have not been studied
extensively. However, their hearing abilities are believed to be intermediate between the
Hawaiian monk seal and other phocids. The HF cut-off is between 36 and 40 kHz. Sensitivity to
low frequencies underwater also seems intermediate between 100 Hz and 1 kHz. Among the
otariids, fur seals have their most sensitive underwater hearing at about 60 dB, at frequencies

Affected Environment 3.2-55 Marine Organisms



Environmental Impact Statement

“SpUR|S| J6pUBLIWIOD

‘gP 09-09 0 ploysaiy} ‘spusjs| jojiqud Buipsaig
/M ZH) G 1B Buueay ‘w OgZ o} ‘aloysyo
158q ym ZH) OF | 202 woyy syidep pepiooss wy 001-8 ‘oyloed 3 Ul N.e€ seads (snuisin
0} ZH 00S woJj abues XEl "UWN|OD J8jem 0} ‘olioed M Ul N.SE O} ‘Bes 8|qBJIau|nA snunoled)
Bupeey Jejemuspun | 40 w oo} Joddn ui abeso4 000'02¢‘t Buueg uopnquisip oibejad - NONI [8es iny ‘N
(syeaiday; “y)
pajoajoid {ees
8|qejieAe eiep oN umouyun 000'000°2 S3LIO | Jnjondselueqng
pejoaloid
S3lLlo
sajoads
8|qeIsuinA
‘Bupeey pue uononpoid ‘uwinjod ‘pueysi - NONI (ipuesumo} y)
punos Jajemiepun Jo)em ay} Jo W OE uIyIm ednjepeny uo buipseiq pausjBaIy} jBes
Moge umouy s} 8l buiBeio} s1oap mojleys (€661 W) 00F'L | ‘umouun uognquisip dibejed - vs3 iny ednjepeny
(snyjisnd “ty)
uejRSNY 000'62 "BIGIEBN ‘oY sjees
‘ueOl)Y YInos yInos ‘sjuswse] ‘Bijessny pejoajoid inj uelensny
8|qe|ieA. Blep ON umounun 000°00L°t 3S JO sjudpisal [BIse0) S3110 pue ueouyy ‘S
(nadiiyd “y)
*ZH 002 01 00} "SpURB|S| ZapuBWIe4 UBN UO pejoajoid BOS 4Ny
wioy) $Ij0 seonpoid umouyun 00€'9 Buipeasq ‘umowyun oibeied S3110 | zepuswed uenp
(sisusobede)eb
“spuejs| )
sobedsjey uo Buipesiq pejoejoud |Bes
a|qe|ieAe Bjep ON umouyun 000'22 | ‘umowun uognquisip dibejeg $3aLID any sobedejer
‘Spueg|s| uelBaSNY
pue puejuBY PUR SpUB|S| (uejsioy y)
puejsez maN Buipeaiq pejosjoud |Bas
8jqejieAe elep oN umoujun 00g'2S | ‘umowjun uopnquisip dibejed S3110 | Jnj puejeszZ MeN
(sieysne
Aenbrun o) rued wouj spues! sSnjeydeoojaly)
‘w oLt uBdusWY yinog uo Bujpeaiq pewejosd [ees
8jgejieAe ejep oN 0} O woyy yidap Buiaig 000'69 | ‘umouxun uopnquisip dibejad S31I0 | Jnjuedusuy g
pUnoS/Bupon 1omneyeg Bung a0uBpUNQY uonquisig i seadg

S-¢’¢ elqel

SPIUBIO 10} AJBWWING UOHBULIoU|

Marine Organisms

3.2-56

Affected Environment



SURTASS LFA Sonar

'(4S661) " 1@ uospIBYOlY puB (Z661L) I8 10 SeAasay

(6661 “'[8 19 11040) ZrUD BlUBS-BIWOY|BY JO ANSIBAILN 'SBOUSIOS BULBW JO ainsu| eyl AQ pasedesd youeasal jo uoysjidwod uodn paseg :82iNo0g

‘spuBjS| UouBy pue
‘|eANOA ‘P4BSH ‘plBUOTON
‘ueinbie)y ‘yompueg

‘w052 ‘g ‘puBileys 'S ‘eibiosn) (el18zeb
paeoxs Aew saAlp Xew ‘w -§ uo Buipeeiq ‘eouabieauon pesiosd snfeydesojoly)
ejgejleAe Blep oN Ot 01 0€ JO seAIp ebelaay 000°008°'1L anaseluy 8yl 01 S. L9 dibejad S3110 | ©Bos inj dldIeluy
“sobede[ed) pue
ZH 0o1Xepy O} BiLOJi[BD Weyinog
0001 pue 00| usemiaq Spugjuiew ejowes pue (snueiwo}ijes
s| AJasuas 41 pue ‘W g/E O} SBAIp Papi0oal spue|si Buipaeiq ‘a1o0ys Jesu snydofez)
ZH) OF pue 9g usemieq | xew ‘w {7 01 9Z Jo syidep asiadsip selews) pue aloys uol
s} Jjond 4H :Buuesy mojjeys Ajaane|al je pead 000°091 Jeau yyou syeibiw sajep BOS BULOHB)
‘SpUB|S| puepjny pue (uexooy
puejeaz meN Buipsaiq fwy $0}21890Yd)
ajqejieAe Blep ON umouxun 0009 | 009 o1 sioysyo pusREZ MBN uol| B8S JeYOOH
‘ruad oy Aenbrun Buipssig (B1uaIAq BURID)
‘Yidap Ul w QOg uBY) SS8| '@0BUNg JBBU puB uoy
ejqejieAe elep oN - 131eMm Mmo[[eys ul abBio4 000'00¢ 810ys JeaU JUBpISel [81SB0D BaS UBOUBWY 'S
‘yinog .9¢
pue 8¢ U8dMIaq puguIBW
pue spue|s| ueljelnsny (veusuld
weyINos pue weisem eooydosp)
Buipealq Aiopeibuu-uou uol|
8jge|leAB BjBp ON ‘W g6 0} 9AIp Jsadee( 000'S ‘gijBsny }JO S18]BM MO|jBYyg BOS§ uBjjesisny
‘psusiealy}
s; uonendod
"BjLIOJ[BD Buiuiewal
‘smoub pue (B1uB0-OPIBYNOH ‘Spuesi ‘pasebuepus
30 8onpoud Aey 30018 oyoed yuop Buipeeig s apnybuo)
‘Bupeay pue uoionpoid ‘W //2 0} s8AIp Jsedesg | "SN welse] - £0v'0e ‘8dojs | Mobbl Jo isam (smpqnf
punos sejemispun ‘syidep mojjeys Ajaane|al H001S ‘SN jejusunUOoD O} 8I0Ys ‘aljoed uoys|ndod seidojeuwiny)
noge umou si el 18 UWN[OD Jajem Ut pea Wwalsop - LED'6E yuoN uonnguisip olbejed -vS3 uol| e8s 'N
Eﬁw\mﬂﬁx lomeyeg Bunig eouBpuUNqY uopNauISIa vwmﬂw 3 seadg

SPIUBIO 40} AIBUWILING UOKBULICJU]

§-c'e alqel

Marine Organisms

3.2-57

Affected Environment



Environmental Impact Statement

between 4 kHz and 17 to 28 kHz (Moore and Schusterman, 1987 and Babushina et al., 1991,
both in: Richardson et a., 1995b).

The northern sea lion (Eumetopias jubatus) (also known as the Steller sea lion) is widely
distributed throughout the North Pacific. Populations have dramatically declined in recent years,
due to declines in prey species in the northern portion of its range. Breeding generally occurs
during May through June. Maes are sexually mature at three to eight years, and physically
mature at ten to eleven years. Females sexually mature at two to eight years, with the average
age of first pregnancy at 4.9 years. They give birth each year thereafter. Gestation is 11 months,
and pups are generally weaned by the end of their first year (Reeves et al., 1992). Based on
recert biological information, NMFS reclassified the northern (Steller) sea lion as two distinct
stock segments under the ESA. The stock west of 144° W longitude was reclassified as
endangered, and the threatened listing is being maintained for the remaining stock (FR Vol. 62
No. 86). More than 50 northern sea lion rookeries and even more haulout sites have been
identified.

Northern sea lion underwater sounds have been described as clicks and growls (Poulter, 1968, in:
Richardson et a., 1995b). Otherwise, little is known about underwater sound production and
hearing in northern sea lions.

Guadalupe fur seals (Arctocephalus townsendi) were once believed extinct from over harvest in
the 18" and 19" centuries. Since a remnant stock was discovered on Guadalupe Island, Mexico,
the species has recovered to over 7,400 individuals in 1993. Currently the species only breeds on
Guadalupe Island. Guadalupe fur seals are shallow divers, foraging within the upper 30 m (100
ft) of the water column. The stock of Guadalupe fur seals returns to Guadalupe Island to breed
during the summer, and again in the fall-winter to molt (Reynoso, 1994). Female Guadalupe fur
seals give hirth to single pups in June. It appears that the individuas are faithful to the same
breeding site from year to year (Reeves et al., 1992). Nothing is known about the age at sexual
maturity or longevity (Croll et al., 1999). Little is known about underwater sound production and
hearing in Guadalupe fur seals.

Northern fur seals (Callorhinus ursinus) were commercially exploited for over 250 years. In
gpite of the cessation of commercial harvest, populations generally declined from 1956 to 1983.
The reasons for the decline are not fully understood. Since 1984, populations have remained
relatively stable. Northern fur seals are widely distributed across the North Pacific in November
and December, and are generally associated with the continental shelf break in the North Pacific
between Japan and southern California at other times. They forage primarily in the ypper 100 m
(345 ft) of the water column. Maximum recorded dive depths of breeding females, which
increases between early and late lactation (Goebel, 1998), is 207 m (680 ft) in the Bering Sea,
and 230 m (755 ft) in southern California.

Males are sexually mature at four to five years, and physicaly mature at eight to nine years.
Females sexually mature at four to five years, as well, and produce pups each year thereafter
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(Reeves et d., 1992). Males rarely breed for more than one year (Reeves et d., 1992; Gentry,
1998). Mating takes place during the summer and is brief. Males arrive at breeding grounds in
May and June, while females arrive in July and early August (Gentry, 1998).

3.2.6.2 Phocids

Phocids are generally benthic feeders. While a few species (e.g., nonk seals) are found at low
latitudes in tropical or sub-tropical waters, most species are found in temperate or polar waters
where productivity is higher. Foraging regions are often associated with ocean fronts or
upwelling zones.

The phocids include 18 extant species in ten genera. Many phocids are confined to
Arctic/Antarctic waters or inland lakes and so would not be affected by SURTASS LFA sonar
operations. Nine species occur in nonpolar waters and are discussed below. They are the
Mediterranean and Hawaiian monk seals (Monachus monachus and M. schauinslandi); the
northern and southern elephant seals (Mirounga angustirostris and M. leonina); the gray seal
(Halichoerus grypus); three species in the genus Phoca: the ribbon, harbor, and spotted seals (P.
fasciata, P. vitulina, and P. largha); and the hooded seal (Cystophora cristata).

All of the phocid species discussed below occur in pelagic waters, dive for their food, and breed
on land or pack ice. The monk seals are rare and protected as endangered species. The
Mediterranean monk seal is the most endangered of all pinnipeds; it is on the verge of extinction
due to competition with commercial fisheries, habitat destruction, pollution, human disturbance,
and harassment by fishermen. The other species have large, in some cases expanding,
populations. All species of true seals discussed here are likely capable of producing and hearing
LF sound underwater. There is little evidence on the responses of seals to LF sounds.

According to Richardson et al. (1995b), phocid seals have essentially flat underwater audiograms
for mid to high frequencies (1 kHz to 30 to 50 kHz), with thresholds between 60 and 85 dB
(Mghl, 1968a; Terhune and Ronald, 1972, 1975a; Terhune, 1981, 1989; Terhune and Turnbull,
1995). Above 60 kHz, phocid sensitivity to underwater sound is poor (Richardson et al., 1995hb)
and frequency discrimination minimal (Mghl, 1968a, 1968b in: Richardson et al., 1995b). Thus,
the functional HF limit for this species, based on testing to date, is about 60 kHz (Schusterman,
1981, in: Richardson et al., 1995b). Hawaiian monk seals have their best underwater hearing at
12 to 28 kHz (Thomas et al, 1990b).

Most phocid sea calls seem to be associated with mating, mother-pup interactions, and
territoriality; thus, underwater calls may not be very important for species such as gray seals and
elephant seals that perform these activities on land. Some species produce strong underwater
sounds that may propagate for long distances (Ray, et a., 1969; Watkins and Ray 1977). Other
species produce faint and infrequent underwater sounds (Schevill et a., 1963, in: Richardson et
al., 1995h).
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Phocids probably hear underwater sounds at frequencies up to about 60 kHz. Calls between 90
Hz and 16 kHz have been reported, but br some species, other LF sounds may have been
missed. Source levels have been estimated for at least five species. However, it is difficult to
determine the range of a seal calling underwater, especially under ice, so reliable estimates of
source levels arerare (Richardson et al., 1995b).

Most phocids are confined to Arctic and Antarctic waters, and would not occur within the
operating area of the SURTASS LFA sonar. Six species occur in non-polar waters. Table 3.2-6
provides summarized information on the protected status (with respect to ESA, CITES, and
IUCN), distribution, abundance, diving behavior, and travel speeds of these six phocid species.
Pertinent details on species of specially protected status follow.

M editerranean and Hawaiian monk seals are the two surviving monk seal species and are very
rare. The main conservation problems are past and current exploitation, interactions with
commercial fisheries (Croll et al., 1999), and toxins (such as ciguatera poisoning) (Gilmartin et
al., 1980), and anthropogenic noise.

Mediterranean monk seals (Monachus monachus) are in imminent danger of extinction and are
protected as endangered species throughout their range. They are found in several fragmented
and now isolated stocks throughout their former range in the Mediterranean and Black Seas, and
the Atlantic coast and offshore idands of North Africa. Mediterranean monk seals tend to stay
close to their haul-out areas and forage in coastal waters for fish, octopus, and crustaceans. They
are less social than other pinnipeds and have a lower potential rate of population growth.
Mediterranean monk seals forage in water less than 70 m (230 ft) deep.

Mediterranean monk seals become sexually mature at about five to six years, and live to 20 or 30
years (Reeves et al., 1992). Many females do not produce pups every year. They give birth and
rear their pups in isolated caves throughout their range (Reeves et al., 1992).

There are no data on hearing of Mediterranean monk seals.

Hawaiian monk seals (M. schauindandi) are found almost exclusively on the Leeward Islands
where they occasionally move among islands and atolls. They are listed as endangered under the
ESA throughout their range. They forage in deep water and dive to at least 490 m (1,608 ft)
(Reeves et al., 1992). Hawaiian monk seals probably have the lowest reproduction rate of all
pinnipeds. Their rookeries are primarily located on the Leeward Islands of French Frigate
Shoals, Pearl and Hermes Reef, Kure Atoll, and Laysan and Lisianski islands (Croll et al., 1999).
Hawaiian monk seals mature at age five, and only about 54 percent of the females give birth
every year (Johanos et al., 1994).

Hawaiian monk seals have their most sensitive hearing at 12 to 28 kHz. Below 8 kHz, their

hearing is less sensitive than other pinnipeds. HF sensitivity drops off sharply above 30 kHz.
(Thomas et a., 1990b)
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Ribbon and spotted seals only occasionally venture south from the Arctic into the North
Pecific.

Harbor seals are widely distributed in subarctic and temperate waters along the margins of both
the North Atlantic and North Pacific oceans. These Phoca species are relatively abundant, have a
broad diet, make no clear long-distance migrations, and are seasonally monogamous or mildly
polygynous breeders. They have all been hunted commercially or in an attempt to reduce
population sizes (Croll et al., 1999).

Ribbon seals breed on pack ice throughout the Bering, Chukchi, and Okhotsk seas (Riedman,
1990), while harbor seals breed on pack ice, idands, offshore rocks, isolated mainland beaches,
log booms, and other surfaces throughout their range (Riedman, 1990). Spotted seals also breed
on pack ice throughout their range (Reeves et al., 1992).

No diving data are available for ribbon seals. Harbor seals dive to more than 500 m (1,640 ft),
although average dive depths are 17 to 87 m (56 ft to 285 ft) (Eguchi and Harvey, 1995). Adult
spotted seals dive to at least 300 m (1000 ft) (Reeveset al., 1992).

Female ribbon seals are sexually mature at two to five years, males at three to five years. About
95 percent of the females give birth every year. Mortality before sexual maturity is about 58
percent, but longevity is about 20 to 30 years (Reeves et d., 1992). Harbor sedls are sexually
mature at three to six years, males at three to seven years. Mortality before sexua maturity can
be as high as 55 percent (Reeves et al., 1992). Female spotted seals become sexually mature at
three to four years, and give birth about every year. Maes meture at four to five years (Reeves et
al., 1992).

Watkins and Ray (1977) indicate that underwater sounds produced by the ribbon seal range
between 100 Hz and 7.1 kHz, with source levels up to 160 dB. Summarizing the work of several
authors, Richardson et al. (1995b) indicate a variety of sounds produced by harbor and spotted
seals, including clicks, “bubbly” growls, groans, grunts, and creaks. The frequencies of these
sounds range from below 100 Hz to over 150 kHz.

Gray seals (Halichoerus grypus) occur in three stocks in the North Atlantic. They are relatively
abundant and their population is increasing in many parts of their range, but decreasing in the
Baltic Sea. They forage on a number of fish species, and dive to a maximum depth of 400 m
(1,300 ft). Gray sedls are polygynous, and very gregarious at haul outs, but more solitary at sea.
Females reach sexual maturity at four to five years. Males can reach sexual maturity at age eight,
but generally are between 12 and 18 (Platt et al., 1975). Gary seals breed on drifting ice and
offshore islands throughout their range.

Gray seals produce sounds at 0.1 to 16 kHz, with predominant frequencies between 100 Hz and 4
kHz, and again at 10 kHz. Sound frequencies as high as 30 and 40 kHz have been reported
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(Schevill et a., 1963; Oliver, 1978). Gray seals have underwater hearing ranging from 2 kHz to
90 kHz, with best hearing between 20 kHz and 50 to 60 kHz (Croll et a., 1999).

Northern and southern elephant seals (Mirounga angustirostris and M. leonina) are large,
highly polygynous sedls that have recovered from severe over-exploitation. They dive deep and
frequently to feed on mesopelagic squid, and fish such as sharks and hake, and they make long
migrations between foraging and breeding areas. Maximum dive depths are 1,503 m (4,931 ft),
with average dive depths of about 500 m (1,640 ft). Both species were hunted nearly to
extinction in the late 1800s, but with regulation have made remarkable recoveries. However,
some stocks of the southern elephant seal are declining due to unknown factors (Laws, 1994;
Hindell et al., 1994).

Both species of elephant seal are gregarious at breeding colonies, but solitary at sea. The males
maintain harems. Mae mating is highly skewed, with as few as five out of 180 males being
responsible for 90 percent of the copulations (Le Boeuf and Laws, 1994). Northern elephant
seals breed on about 16 islands and mainland rookeries from central Baja, Mexico to central
Cdlifornia (Stewart et al., 1994). Southern elephant seals breed on 14 colonies around the
Antarctic Convergence, between 40° and 62°S (Laws, 1994).

While elephant seals have not been thought to produce LF sounds underwater, Burgess et al.
(1998) detected 300 Hz pulses on an acoustic recording from a juvenile female elephant seal
between 220 to 420 m (722 to 1,378 ft) dive depths. The mean frequencies of airborne calls of
northern elephant seals range from 147-334 Hz for adult males (Le Boeuf and Peterson, 1969; Le
Boeuf and Petrinovich, 1974) and 500-1000 Hz for adult femaes (Bartholomew and Coallias,
1962). Because elephant seal hearing sensitivity has been shown to be greater underwater
(Kastak, 1996), it may be inferred that this species would be sensitive to humanproduced LF
sound. However, experimental releases of northern elephant seals with attached dive recorders,
into areas where LF sounds were being broadcast (e.g., Acoustic Thermometry of Ocean Climate
[ATOC]), indicate that these sounds did not cause any short-term changes in dive behavior
associated with (ATOC) transmissions.

Hooded seals (Cystophora cristata) are found in the North Atlantic, primarily north of the Gulf
of St. Lawrence and prefer thick, drifting ice floes or deep offshore waters (Wynne and
Schwartz, 1999). They are aso found in the Davis and Denmark Straits and the Greenland,
Norwegian, and Barents seas (Reeves et d., 1992). They are relatively large in size, from 2.0 to
2.7 m [6.5 to 9 ft]) in length, with some males reaching 3 m (9.8. ft). There are at least three
types of LF, pulsed sounds, described as "grung,” "snort,” and "buzz" that are made by the mae
underwater (Reeves, et al. 1992).
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3.3 Socioeconomics
3.3.1 Commercial and Recreational Fisheries

This section provides an overview of globa marine fisheries production, employment and trade.
Information provided by the Fisheries Department of the Food and Agriculture Organization
(FAO) of the United Nations (UN) references the most recent year available or the year for
which the most complete information was available. Additional information was gathered from
the Department for Economic and Social Information and Policy Analysis of the United Nations,
NMFS, the World Bank, and the International Whaling Commission (IWC).

3.3.1.1 Marine Fisheries Production

Marine fishing for commercial, recreational, industrial, or subsistence purposes occurs in amost
al globa waters with the most productive regions in coastal waters overlying the continental
shelves. Thisis due to their higher primary productivity and the fact that the shallow ocean floor
alows for the use of nets and traps. In contrast, the deep floor of the open ocean not only
prevents effective commercial fishing, but also does not foster large fish populations.
Commercia fishermen work offshore waters for species such as sharks, swordfish, tuna, and
whales, while recreational fishers seek ocean pelagic species such as billfish, dolphinfish, tunas,
and wahoo.

Information on global marine fisheries production by geographic location is compiled annually
by the FAO. Nomina catches, as expressed in metric tons (mt), represent the live-weight-
equivalent of fish or other marine species obtained by capture or aquaculture as recorded at the
time of landing. Catches are recorded at the location of the landing, providing the FAO with
information on the species caught by the landing’ s country, continent, and FAO fishing zone.

FAQO’s nominal catch data cover fish, crustaceans, mollusks, and miscellaneous aquatic animals
caught for commercial, recreational, industrial, and subsistence purposes, as well as marine
mammals and plants. In their global fisheries production totals, however, FAO does not include
marine mammals and plants. Information on marine mammal catches is presented later in this
subchapter.

Global Data

The general composition of 1995 globa marine fisheries catches is presented in Table 3.3-1. As
indicated, marine fishes and nollusks represent the mgjority of the total 92 million mt of nominal
catches (79 and 12 percent, respectively). Of marine fishes, the group representing the greatest
catch volume includes herrings, sardines, and anchovies with 22 million mt caught in 1995 (30
percent of marine fishes). Other groups with significant catch volumes, each representing about
15 percent of marine fishes, include: jacks, mullets and sauries at 11.2 million mt; miscellaneous
marine fish at 11.2 million mt; and cod, hake and haddock at 10.6 million mt (FAO, 1997).

Affected Environment 3.3-1 Socioeconomics
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Table 3.31
Catches in Marine Fishing Areas by Type, 1995

Percent of
g Catches
ISSCAAP Division (metric tons) World
Catch

Freshwater Fishes 36,100 0.04
Diadromous Fishes 2,117,900 2
Marine Fishes 72,937,700 79
Crustaceans 5,655,200 6
Mollusks 10,612,100 12
Whales, Seals, Other Aquatic Mammals® NA ok
Miscellaneous Aquatic Animals 545,900 1
Miscellaneous Aquatic Products NA ok
Aquatic Plants? NA rkk
Total 91,904,900 100
Notes:
1. ISSCAAP = International Standard Statistical Classification of Aquatic Animals
and Plants.
2. Data on aquatic mammals and plants are excluded from all national, regional,
and global totals.
NA = Not available or unobtainable.
Source: FAO, 1997.

Regional Trends

Nominal catches for each marine fishing zone in 1990 and 1995 are presented in Table 3.3-2. In
these two years, the Northwest Pacific zone was by far the greatest single contributor to global
marine fisheries production, recording over 25 million mt each year, or 30 percent of the global
total. This zone, including the marine waters of China and the Russian Federation, has been the
world's most productive fishing zone since 1971 (Grainger, 1997).

The Southeast Pacific zone also was a major contributor to global marine fisheries catches in
1990 and 1995, providing 17 and 19 percent, respectively. The Southeast Pacific zone has
historically been the most dynamic zone and is dominated by small pelagic species (Grainger,
1997). In 1995, the combined zones of the Pacific Ocean yielded the mgjority of al marine
catches, with 59.2 million mt, or 65 percent of the world's catches in marine waters.
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Table 3.32

Nominal Catches in Marine Fishing Areas’

1990 1995 %
EAO Zone Catches % of Catches % of Change
(metric World (metric World 1990-95
tons) tons)
Arctic Sea 0 0 0 0
Atlantic, Northwest 3,288,600 4 2,065,500 -37
Atlantic, Northeast 9,198,300 11 11,794,400 13 +28
Atlantic, Western Central 1,708,800 2 1,895,000 2 +11
Atlantic, Eastern Central 4,101,200 5 3,194,300 3 -22
Mediterranean and Black Sea 1,528,000 2 1,921,700 2 +26
Atlantic, Southwest 2,028,600 2 2,402,100 3 +18
Atlantic, Southeast 1,415,300 2 1,294,600 1 -9
Atlantic, Antarctic 387,600 0 121,900 0 -69
Indian Ocean, Western 3,351,000 4 3,903,300 4 +16
Indian Ocean, Eastern 3,098,200 4 4,118,100 4 +33
Indian Ocean, Antarctic 34,400 0 9,700 0 -72
Pacific, Northwest 25,585,800 31 27,249,200 30 +7
Pacific, Northeast 3,405,600 4 3,066,900 3 -10
Pacific, Western Central 7,770,900 9,231,300 10 +19
Pacific, Eastern Central 1,520,100 1,547,000 2 +2
Pacific, Southwest 860,500 1 872,600 1 +1
Pacific, Southeast 13,971,700 17 17,217,400 19 +23
Pacific, Antarctic 700 0 0 0 -100
World Total® 83,255,400 100 | 91,904,900 100 +10
Note:
1. Includes fish, crustaceans, mollusks, and miscellaneous aquatic animals.
2. May not add due to rounding.
Source: FAO, 1997.
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3.3.1.2 Marine Fisheries Employment

In 1990, more than 28 million persons worldwide were employed in the marine and freshwater
fishing industry, twice as many as employed in 1970, due primarily to increases in fleet size and
expansion of aguaculture (FAO, 1998). Of this total, the number of marine fishers is estimated at
approximately 18.4 million based on the percentage of each country’s total catch attributable to
marine waters. The largest number of marine fishers (5.2 million in 1990) are found in China.
India and Indonesia each contained an estimated 3 million fishers, or almost 17 percent of the
global total in 1990. With Vietnam and the Philippines, these five countries combined included
70 percent of the world’s marine fishers.

3.3.1.3 Fisheries Trade

In order to assess the contribution of fisheries activities to international economies, this section
reviews the trade statistics associated with fishrelated commodities. The United Nations
Department for Economic and Socia Information and Policy Analysis collects trade information
for four commaodities (excluding marine mammals):

Fish (fresh, chilled, frozen);

Fish (salted, dried, smoked);
Shellfish (fresh, frozen); and
Fish (prepared, preserved).

Combined, these commodities represent the total trade value directly related to both marine and
inland fisheries production. Fishrelated export values for maor regions of the world as
expressed in millions of U.S. dollars in 1995 are presented in Table 3.3-3. As can be seen, fish
export value was highest in Asia, which at $16 billion in 1995 had 35 percent of the global fish
related export market. Europe and the Americas followed with 30 and 25 percent of global fish
exports. Africa and Oceania had the lowest fishrelated trade. However, the contribution of fish
exports to total export volume for these two regions was higher than for other regions, indicating
arelatively greater reliance on this commodity as a source of income.

For individual countries, fish-related and total trade statistics were reviewed for 1992, the year
for which most complete data were available (United Nations, 1996). Of the 80 countries with
separate fisheries export statistics, eight had volumes above $1 billion: Japan, U.S., Thailand,
Norway, Denmark, Canada, China, and Iceland. Japan generated the highest export volume in
fish-related commodities ($12 billion), representing only five percent of its total export volume.
Iceland was the only country with exports over $1 billion where fish exports comprised more
than ten percent of total exports. Countries with high dependence on fish commodity exports
(from 20 to 95 percent of total trade) generally are islands or small coastal countries such as
Greenland (94.7 percent), the Faroe Islands (86.6 percent), and Micronesia (86.2 percent).

Affected Environment 3.3-4 Socioeconomics
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1995 Fish Exports by Region (in million $U.S.)1

Table 3.3-3

. Total Fish % of Fish Exports

Region Exports World Total Exports (% of Total)
Africa 2,546 5.5 102,988 2.5
Americas 11,360 24.7 925,735 1.2
Asia 15,969 34.7 1,529,601 1.0
Europe 13,894 30.2 2,128,641 0.7
Oceania’ 2,036 4.4 68,316 3.0
Subtotal 45,806 99.5 4,755,281 1.0
World Total 46,049 100.0 4,925,668 0.9
Notes:
1. Includes Standard International Trade Classifications 034; 035; 036; 037.
2. Estimated by UN Dept. for Economic and Social Information and Policy
Analysis.
Source: United Nations, 1996.

3.3.1.4 MarineMammals

As previoudy noted, information on nominal catches of marine mammals is not included in total
fisheries catch data; however, FAO does compile data on marine mammal catches as reported by
each country. Data for 1998 are shown in Table 3.3-4. Unlike the fisheries data, catch volume
reflects the number of the individual species caught, not the total weight in metric tons.

Whale captures are guided by measures set forth by the IWC which, among other things,
designates whale sanctuaries, sets limits on the numbers and sizes of whales that may be
captured, and provides open and closed seasons and areas for whaling. The IWC was established
under the International Convention for the Regulation of Whaling signed in 1946, and
membership in the IWC is open to any country that adheres to the 1946 Convention.

In 1982 the IWC decided that there should be a pause in commercial whaling, but that aborigina
subsistence whaling and collections for scientific research should proceed as permitted.
Aboriginal subsistence whaling of specific speciesis allowed in certain countries as follows:

Denmark and Greenland - fin and minke whales;
Russian Federation (Siberia) - gray whales;

St. Vincent and The Grenadines - humpback whales; and
U.S. (Alaska) - bowhead and occasionally gray whales.
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IWC scientific research permits have been issued as follows:

Iceland - 292 fin and 70 sa whales;
Norway - 289 minke whales; and
Japan - 400+ minke whales in the Antarctic and 100 minke whales around Japan.

Data in Table 3.3-4 reflect authorized minke whale catches for scientific research for Japan and
Norway, and the catches authorized for aboriginal subsistence whaling in Greenland, the Russian
Federation, and U.S.. Whale catches can vary significantly from year to year, thus the numbers
for 1995 provide only a snapshot of annual whale catches. Iceland, for example, conducted a
four-year research program between 1986-1989 resulting in taking 292 fin and 70 sei whales, yet
no catches are recorded for 1995. Based on the information in Table 3.3-4, catches of marine
mammals for commercia purposes appear to be primarily related to eared sedls, hair seals, and
walruses.

3.3.2 Other Recreational Activities

In addition to fishing, other recreational activities in marine waters include boating, surfing,
water skiing, swimming, diving, and whale watching. Most of these activities would not be
affected by SURTASS LFA sonar transmissions because they are conducted above the water's
surface. Also, these activities largely occur in coastal waters, away from where SURTASS LFA
sonar would operate. An exception may be whale watching where there may be a possibility that
whale behavior would be affected, but only if sonar operations were being conducted nearby.
Only those activities that could be affected, abeit remotely by SURTASS LFA sonar, will be
further addressed in this subchapter.

3.3.2.1 Swimming and Snorkeling

Recreational swimming and snorkeling occur in marine waters worldwide. Most swimming sites
are located immediately adjacent to the coastline and well within 5.6 km (3 nm) of the coast.
Most swimming activity occurs at the air/water interface, (i.e., immediately adjacent to the
ocean’s surface). For snorkeling activity, the swimming area extends from the surface to depths
not greater than 2 m (6.5 ft). Deeper depths than this are unlikely for the average recreational
swimmer. Other than for very short periods of time, people do not go below 2 m (6.5 ft).

3.3.2.2 Recreational Diving
Recreational diving sites are generally located between the shoreline and the 40 m (130 ft) depth
contour, but can occur outside this boundary. Globa diving statistics indicate a substantial

growth in the activity over the decade 1986 to 1996 as measured by the number of divers that
were certified during that time. The Professional Association of Diving Instructors (PADI), the
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world's largest dive training organization, issued approximately 277,400 diving certifications in
1986 and 728,300 in 1996, reflecting a ten percent average annual increase during those years
(PADI, 1998). In fact, between 1967 and 1996, PADI issued a cumulative total of nearly 7
million diving certifications. The National Association of Underwater Instructors (NAUI) issues
approximately 130,000 certifications annually (Davis and Tisdell, 1995).

It is estimated that over 1.2 million dive trips are taken to warm water destinations each year
(S mmons, 1997), including the Caribbean, Gulf of Mexico, south Pacific Ocean, Mediterranean
Sea, and Indian Ocean, as well as other locations (see box). Surveys of the demographics of
diving students and instructors conducted by PADI in 1991 and 1996 revealed that most divers
are males between 18 and 29 years old.

Diving Locations
Aruba Australia Bahamas
Barbados Belize Bermuda
Bonaire British Virgin Islands Canada
Cayman Islands Columbia Costa Rica
Cuba Curacao Dominican Republic
Ecuador Egypt England
Fiji Fr. Polynesia Galapagos Is.
Grenada Guam Haiti
Honduras Italy Jamaica
Malta Maldives Mexico
Micronesia Micronesia Netherlands Antilles
New Zealand Papua New Guinea Puerto Rico
Philippines Scotland Seychelles
Solomon Islands Spain Sri Lanka
St. Kitts and Nevis St. Lucia Thailand
Trinidad Turks & Caicos United States
U.S. Virgin Islands Venezuela
Sources: PADI, 1998; Simmons, 1997; T