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Preface

In response to several requests by the public for an opportunity for additional
participation in the EIS review and approval process, comments from the public are being
solicited during the 30-day period ending June 26, 1995, following official publication of the
Final EIS via the Federal Register. Written comments should be submitted to:

Advanced Research Projects Agency
c/o Clayton H. Spikes
Marine Acoustics, Inc.
Four Crystal Park, Suite 901
2345 Crystal Drive
Arlington, VA 22202



Tite

Final Environmental Impact Statement (EIS) for the Kauai Acoustic Thermometry of
Ocean Climate (ATOC) Project and its associated Marine Mammal Research Program (MMRP)
(Scientific Research Permit Application [P557C]; Hawaii Conservation District Use Permit
Application (KA2734]).

Abs

ATOC is proposed as a proof-of-concept study funded by the Strategic Environmental
Research and Development Program (SERDP). The primary purpose of ATOC is to make a
contribution toward meaningful climate predictions. All viable climate models show that the
ocean plays a profound role in climate change. The ocean provides much of the memory which
defines climate. No climate forecast, with all its consequences, will have any skill greater than
that imbedded in the oceanic component. One will not get the atmosphere right unless one gets
the ocean right.

The question is whether these forecasts have any skill; i.e., whether they provide a
reasonable basis for policy decisions. We know from experience with weather forecasting that
meaningful forecasts are impossible unless the system is correctly described by the equations
being used, and then "initialized" properly; i.e., the calculations must be started from a realistic
oceanic state-otherwise, the forecast diverges rapidly from reality.

Perhaps the greatest obstacle to making useful forecasts of the ocean climate lies with the
difficulty in measuring the ocean state today so as to test the models against present-day reality,
and in determining the extent to which the ocean is already changing. Appropriate ocean
measurements are then an essential part of any climate prediction. ATOC is intended to observe
the ocean on the large space scales that characterize climate-3000 to 10,000 kIn-so that
modelers will be able to: 1) test their models against the changes seen by ATOC over a few
years, and 2) if, and when, the models prove adequate, use those same observations to "initialize"
the models to make climate predictions.

Acoustic thermometry would provide important tests of seasonal and year-to-year
ambient variability. Interplay of the observational and modeling efforts should lead to model
improvements and, ultimately, to model credibility. By testing and improving the models now,
we can make progress toward greenhouse prediction later.

Virtually all climate models suggest that there will be major shifts in climate over the
next several decades ("global warming"), with enormous consequences to the world's economic,
social and environmental structures (including life within the seas). Acoustic thermometry can
make a contribution toward credible climate predictions.



The 1991 Heard Island Feasibility Test proved the principle of using low frequency
acoustic signals of moderate intensity over global deep ocean transmission paths to measure
propagation time and spatial variability of temperature.

Available information from the limited research carried out to date on the potential
effects of low frequency sound on marine animals, including marine mammals and sea turtles,
either indicates minimal impact should be expected from the proposed ATOC sound
transmissions, or the measured data are so sparse that the possible effects must be stated as
uncertain. Consequently, a Marine Mammal Research Program (MMRP) has been designed to
assess the potential effects of the proposed low frequency sound transmissions on marine
mammals and sea turtles. MMRP research efforts would be an integral part of the entire
proposed two-year project, including ATOC feasibility operations that would be dedicated to
climate-based studies. An approximate six-month MMRP Pilot Study (although MMRP refers to
the Marine Mammal Research Program, all marine animals fall within its purview, including sea
turtles) would be undertaken, which would allow marine biologists to utilize the source for
research studies into the potential effects of low frequency sound on marine animals, prior to
approval of feasibility operations. Baseline marine animal population and behavioral data
collection efforts have been ongoing in the north Kauai offshore area since 1993.

In accordance with Marine Mammal Protection Act and Endangered Species Act
guidelines, an Application for Permit for Scientific Research has been submitted to the National
Marine Fisheries Service. Because of potential environmental concerns, this EIS has also been
prepared.



Hawaii Environmental Policy Act (HEPA) Summary Sheet

This joint federal/state Draft Environmental Impact Statement (DEIS) addresses the
Kauai, Hawaii Acoustic Thermometry of Ocean Climate Project and its associated Marine
Mammal Research Program. The proposed Kauai facilities would include an acoustic sound
source to be located 14.7 kilometers (kin) (8 nautical miles (nm)) offshore at an approximate
depth of 850 meters (m) (about 3000 feet or half a mile down). The sound source would transmit
a 260 watt acoustic output, digitally coded sound, between 2% and 8% of the time, with a center
frequency of 75 Hz (cycles per second) and a bandwidth of approximately 35 Hz. The sound
would be a low rumble, with a pitch comparable to the low notes of a cello. This project is also
funding an extensive Marine Mammal Research Program to address the question of whether
long-term underwater low frequency acoustic transmissions are safe for marine animals
(particularly marine mammals and sea turtles).

Potential environmental effects of the project include possible behavioral changes in
humpback whales. The 120 dB sound field (7.5 to 12 km around the source) is equivalent to
levels found in scientific studies to sometimes produce detectable changes in swim direction in
several large whales. Similar effects could possibly occur in sperm whales and leatherback sea
turtles, although low frequency hearing capabilities in these animals have not been documented.
Beneficial effects of the project include the additional scientific knowledge about the potential
effects of low frequency sound on marine animals, and evaluation of the proposed concept as a
practical method for measuring basin-scale ocean temperatures.

This DEIS includes 23 mitigation measures. Among the most significant are the
following: A dedicated MMRP Pilot Study would precede acoustic thermometry climate-related
feasibility operations; the sound source would operate at the minimum power level and duty
cycle (operational periods) necessary to support MMRP objectives and feasibility operations; all
sound transmissions would be preceded by a five-minute ramp-up period starting at zero source
level to allow time for any mobile marine animal who was annoyed by the sound to depart the
affected area; and project facilities would be removed at the end of the experiment, to the extent
economically and practicably feasible.

The alternatives considered include: the proposed action; no action; alternate project sites
(four such sites are screened; including sites off the coast of Kauai, Midway Island, Johnston
Atoll, and the Aleutian Islands); moored autonomous sources; restricted source transmission
times; modified source operational characteristics; global climate models; satellite sensors for sea
surface temperature measurements; satellite sensors for sea level measurements; oceanographic
point sensors (measurements using conventional thermometers); autonomous polar hydrophones;
and a dual site experiment using mobile playback experiments. Of the twelve alternatives
considered, the proposed action (Kauai), no action, one alternate site (Johnston Atoll), and
moored autonomous sources were selected for detailed consideration.

The unresolved issues concerning the project primarily result from: 1) the general lack of
information concerning the potential effects of low frequency sounds on marine animals and 2)
the potential constraints tides, internal waves and mesoscale thermal variations may impose on



acoustic thermometry measurements. The MfMRP is designed to help fill the gaps in the former,
the acoustic thermometry feasibility operations (climate study) should respond to the latter.

The proposed project, its physical facilities, and the MMRP, are analyzed in relation to
applicable plans and policies in Section 5 of this EIS. It is concluded that the proposed project is
consistent with such plans and policies, including the Hawaii Coastal Zone Management
Program, Hawaii Ocean Resources Management Plan, and the recovery plan for the humpback
whale. Required approvals for the project include: a Scientific Research Permit from the
National Marine Fisheries Service, a Conservation District Use Permit from the Hawaii Board of
Land and Natural Resources, various nationwide permits from the U.S. Army Corps of
Engineers, and other reviews and consultations described more fully in Section 5.
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EXECUTIVE SUMM%'ARY

This Executive Summary describes the proposed action and alternatives analyzed in this
Environmental Impact Statement (EIS) for the Kauai Acoustic Thermometry of Ocean Climate
(ATOC) Project and its associated Marine Mammal Research Program (MMRP). This EIS
presents a detailed description of the proposed project, its facilities, environmental setting,
alternatives, environmental impacts, and mitigation measures, in addition to other information
required by the National Environmental Policy Act (NEPA) and Chapter 343, Hawaii Revised
Statutes, the Hawaii Environmental Policy Act (HEPA).

Under NEPA, the National Marine Fisheries Service (NMFS) and the Advanced Research
Projects Agency (ARPA), must ensure that the potential environmental impacts of the proposed
project have been adequately addressed and analyzed. In addition, other agencies will review
and consider the information presented in this EIS prior to deciding whether to approve aspects
of the project under their specific jurisdiction. These required approvals include: a Scientific
Research Permit (SRP) from the National Marine Fisheries Service (NMFS), a Conservation
District Use Permit (CDUP) and authorization to install project facilities on state lands from
DLNR, a permit under Section 10 of the Rivers and Harbors Act under nationwide authorizations
of the Army Corps of Engineers, and various other reviews and consultations described more
fully in Section 5.

PROPOSED ACTION

Introduction

The overall ATOC project is an international research effort to observe the ocean on the
large space scales (3000 to 10,000 Ian) which characterize climate, which will enable climate
models to be tested against the average ocean temperature changes seen by ATOC over a few
years and if, and when, the models prove adequate, use those same observations to "initialize"
the models to make meaningful predictions.

The basic principle behind ATOC is simple. Sound travels faster in warm water than in
cold water. The travel time of a sound pulse from a source near Kauai to a receiver near Guam,
for example, will decrease if the ocean in between warms up and will increase if the ocean cools
down. The travel time is a measure of the large-scale average temperature between the source
and receiver. Measuring average ocean temperatures is necessary to validate global climate
computer models being used and developed to answer the question of whether our earth is
warming as a result of the "greenhouse" effect.

The proposed ATOC system takes advantage of an acoustic "waveguide" deep within the
ocean that carries subsea sounds over very long distances. This feature, known as the "sound
channel" or sound fixing and ranging (SOFAR) channel, is at the ocean depth where the speed of
sound is at a minimum. Above the sound channel, sound travels faster because the water is
warmer. Below the sound channel, sound travels faster because the pressures are greater.
Sounds that would otherwise spread to higher or lower depths are refracted (bent) back toward
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the sound channel axis by this difference in speeds. The net effect is that the sound channel very
efficiently transmits sounds for long distances. This effect also tends to limit sounds that are
trapped in the channel from being detectable at depths outside of the channel.

The sounds to be produced by the ATOC sources are digitally coded, low frequency
rumbles at a pitch comparable to the low notes of a cello. The same digital sequences are
repeated a number of times and combined at the receivers. This allows a signal to be detected
beneath the ambient background noise which, in turn, permits use of a less intense sound source.
The receiving stations use advanced digital processing techniques similar to those used to

retrieve data from deep space probes, to detect the signals after traveling great distances through
the sound channel.

The ATOC Feasibility Demonstration

The proposed ATOC project is a 2-year demonstration or "proof of concept," with the
goal of testing the acoustic thermometry concept, led by Dr. Walter Munk (Principal
Investigator), Dr. Peter Worcester and Dr. Andrew Forbes, all of Scripps Institution of
Oceanography, UCSD, and Dr. Robert Spindel, of the Applied Physics Laboratory at University
of Washington. A previous test in 1991, called the Heard Island Feasibility Test, confirmed that
low frequency sounds broadcast in the deep sound channel can be detected over great distances.
Yet, whether the ATOC technique will provide useful climatic information depends on
surmounting a number of technical and other potential barriers. For example, ocean movements
from tides, currents, internal waves, eddies, and other oceanographic features also affect acoustic
transmissions. While traveling long distances, sounds could be scattered, distorted or otherwise
rendered unusable. The project analyzed in this EIS is of necessity limited to this next step-
testing the ATOC concept to determine whether it should be pursued further.

Two sound sources are currently proposed for this 2 year demonstration project. One
would be located offshore of central California on Pioneer Seamount, as described in detail in the
California Final EIS/EIR, and the other would be located off the north shore of Kauai, Hawaii,
and is the subject of this EIS. It is proposed to operate these sound sources from 2% to 8% of the
time (they would be silent from 92% to 98% of the time), with the current project scope being
limited to approximately two years.

Each source would be used to transmit low frequency, digitally coded sounds across the
North Pacific ocean basin (at sound levels below ambient conditions along most of the path) to
receiving stations around the North Pacific rim, most of which are existing facilities. Two new
hydrophone receiver arrays are planned along the radial from Pioneer Seamount to Rarotonga
(New Zealand territory), at approximately 3000 km and 6000 km range from Pioneer Seamount.
This network would be complemented by up to ten drifting receivers deployed along selected
transmission paths.

The proposed Kauai facilities would include a 260 Watt output acoustic sound source to
be located 14.7 km (8 nm) offshore at a depth of approximately 850 m (2790 ft). This source
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would be powered by a cable connected to a signal source and power amplifier in an existing
building at Barking Sands.

Following this initial 2 year demonstration period, any future facilities or operations
would be subject to additional environmental review and authorization. The lessons learned
from the demonstration phase would support all facets of future global climate change research
planning: whether the program will proceed; if so, where facilities will be located, equipment
design, sound levels, mitigation measures, etc. Since it is not presently known what would be
learned from the demonstration phase, the particulars of any future activities can only be
speculated on at this time.

The Marine Mammal Research Program

An integral part of the proposed feasibility demonstration is an extensive marine mammal
research program (MMRP) to evaluate the potential effects of the proposed low frequency
acoustic transmissions on sea life, particularly marine mammals, but also including sea turtles,
fish and invertebrates. It is known, for example, that large whales vocalize (and presumably can
hear well) in the low frequency range, similar to that used by the ATOC system. Yet very little
is known about the effects of low frequency noise on marine mammals.

The 2-year Kauai MMRP is directed by Dr. Christopher W. Clark, Director of Cornell
University's Bioacoustic Research Program. The sound source would initially be controlled by
the MMRP Research Team, manipulating the signal strength (power level) and duty cycle
(repetition rate) of the source for a period of several months. Climate-related transmissions
would only begin if the system is determined to have no acute or short-term effects (Table C-i)
on marine animals. The Pilot Study, if successful, would determine whether and, if so, how best
to continue the project. A detailed description of the MMdRP protocol is included in Appendix C
of this EIS/EIR.

In addition to providing information on marine mammals, the MMLRP would serve a
protective function by monitoring for any adverse impacts of the source transmissions. This
function would continue throughout the approximate two year experimental period. During the
Pilot Study, source transmissions would stop if the marine biologists observe adverse effects
meeting the source termination guidelines of Appendix C. Assuming the experiment proceeds,
MMRP research would continue, with the source termination protocols in effect (subject to any
modifications resulting from the Pilot Study) throughout the remainder of the experiment.

AREAS OF CONCERN

The ATOC proposal has generated an extraordinary level of public attention. Concerns
have centered on three principal areas:

Potential effects of low frequency sounds on marine mammals, sea turtles and
other marine life.
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* Alternative technologies to conduct climate change studies.

0 Whether the ATOC project is an appropriate activity at the proposed location.

Attention has been focused on the potential effects of subsea noise on marine animals,
and on the lack of available information in the scientific community. The debate also led to the
reevaluation of the project and the incorporation of a number of changes:

A nearly four-fold reduction in the proposed transmission schedule (from the
original proposal to broadcast 8% of the time to the current proposal to broadcast
2% of the time for most of the experimental period).

A reemphasis of the program structure; i.e., the MMRP Pilot Study would be
conducted prior to any ATOC climate-related sound transmissions, and its
results used to determine whether the study should go forward.

The preparation of this EIS to better involve the public in the proposal and to
develop additional mitigation measures.

POTENTIAL IMPACTS ON MARINE LIFE

The ATOC sound source would transmit a 260 Watt acoustic output, digitally coded
sound with a center frequency of 75 Hertz (Hz, or cycles per sec) and a bandwidth of
approximately 35 Hz (i.e., sound transmissions will be in the frequency band of 57.5-92.5 Hz).

At 1 m (slightly more than 3 ft) from the source, the sound intensity level would be-
approximately 195 decibels (dB) referenced to one microPascal (4Pa) on a "water standard"
basis. At a distance of 30 m (about 100 ft), the level is 30 dB less, or 165 dB. At 1000 m (0.5
nm), the level is down to 135 dB. Unless otherwise noted, all sound levels in this EIS are
referenced to water standard.

The decibel value for sound in water is 61.5 dB higher than for sound with equivalent
power levels in air (which are referenced to 20 IiPa), a relationship that is explained in greater
detail in Section 1.1.4. A 260 Watt acoustic output produces a 133.5 dB sound level (air
standard) at I m distance, a 103.5 dB sound level (air standard) 30 m away, and a 73.5 dB sound
level (air standard) 1000 m away. An air standard level of 58.5 dB is equivalent to the 120 dB
water standard level which has produced some detectable changes in the behaviors of certain
marine mammals. Table ES- I summarizes the relationship of sound levels for some common
sounds in both air and water.

Average ambient noise levels in the 60-90 Hz band offshore Kauai are estimated to be in
the 76-98 dB range for sea state 2-6, and are expected to be higher (2_120 dB) when vessels are
present (Buck and Chalfant, 1972; Ross, 1976; Brown, 1982b). Transmissions from the
proposed sound source at the water's surface are expected to be 135 dB at a radius of 1000 m
(received level is not expected to exceed 136 dB at the water's surface anywhere in the vicinity of
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dB dB Comparable Sounds
Range from ATOC Source (water (air standard)

standard)

I m (approximately 3 ft) 195 133.5 Container ship at comparable distance.

Very high powered loudspeaker system
at comparable distance.

Ambulance siren at comparable distance.

30 m (approximately 100 ft) 165 103.5 Large ship at comparable distance.

Rock concert (comparable to sounds 200-
400 ft from ATOC source).

Jet airliner (10 m)

Ambulance siren (somewhat closer than
34m).

"Very loud"

1000 m 135 73.5 Small power boat.

(sea surface above ATOC
source) Freeway 34 m away.

Beluga whale threshold (1000 Hz).

"Moderately loud"

7.5-12 km 120 58.5 Sea sounds (wind and wave action)
(4-6.5 nm) during storm.

Normal speech (I m)

55 km 110 48.5 Symphony orchestra at 6 m (20 ft)

(30 nrn)
Heavy surf on beach at I m (3 ft)

Heavy truck 164 km/hr) at 15 m (50 ft)

Table ES-1. Relationship of sound level of common sounds in air and water (20-1000 Hz)
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the source); 130 dB to a radius of 5 km; 120 dB at 12 km shoreward and 7.5 km seaward; and
110 dB to 55 km seaward. Underwater sound levels are expected to be: 140 dB at 288 m depth
(562 m range around source); 145 dB at 534 m depth (316 m range around source); 150 dB at
672 m depth (178 m range around source); 165 dB at 820 m depth (30 m range around source);
and 195 dB at 850 m depth (1 m range around source) (see Section 2, Figure 2.2.1-6).

Within the study area, there are no applicable undersea noise standards. Most land-based
community noise standards use average measurements that weigh various time periods
throughout the day differently (e.g., nighttime hours), due to the greater relative sensitivity of the
human population that may be exposed to the noise at those times. However, for determining the
significance of the sound from the ATOC source, a long-term average, or level-equivalent (Leq)
is considered the most appropriate by some acoustic researchers. The ATOC source operation
would transmit on a 2% duty cycle for most of the time and would not emphasize any time of
day or night and, although some marine animals exhibit diurnal activity patterns, in general there
are no particular hours of the day that should be of greater concern in the marine environment.
Using the scientifically accepted formula for determining Leq, the net value for exposure to the
120 dB sound field is calculated in Section 4. For a 2% duty cycle (20-min signal transmissions
six times per day, every fourth day), Leq = 103 dB, which falls within the range of high ambient
noise levels expected in the study area.

The significance of the subsea sounds from the ATOC source also depends upon the
species that may be exposed, their population density, their diving behavior or likelihood of
exposure, and their hearing sensitivity. For some species, the most important variable may be
the types and functions of the sounds produced by the animals, and how production and use of
those sounds may potentially be affected by ATOC sound transmissions. Most of this EIS is

-devoted to detailed discussions of these questions for the range of species that might be affected.
Section 4 presents a detailed analysis of these impacts, and summarizes the results for each
category of marine animals at the end of each subsection. Therefore, only a broad summary of
conclusions will be presented here."

Mysticetes are believed to have good low frequency (<90 Hz) hearing, but no species are
known to dive as deep as 670 m. Therefore, encounters with high intensities of the source
transmissions would be expected to be rare inasmuch as the received sound level is not expected
to exceed 136 dB at the water's surface anywhere in the vicinity of the source and the 135 dB
sound field would encompass a radius of 1000 m around the source. It is expected that the use of
the 5 min ramp-up procedure and limited duty cycle would mitigate potential impacts. All whale
vocalizations detected by passive acoustic arrays would be recorded and analysed.

Only one large whale -- the humpback - is commonly found in the vicinity of the
proposed source site. Since it is believed that the humpback cannot dive as deeply as the source,
it would not be exposed to the full 195 dB source level (at I m range). Sonar observations have
shown humpback whales to dive as deep as 200 m (Whitehead, 1981) while pursuing prey, but
Dolphin (1987a) stated that such efforts may put them into oxygen debt, and they probably rarely
descend deeper than 60 m. Using the 200 m depth, the maximum sound levels experienced by
humpbacks would be over 350,000 times less than 195 dB, or 138 dB. This level is below that
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anticipated to produce any type of direct auditory injury or effect (e.g., permanent threshold shift
[PTS] or temporary threshold shift [TTS]). Instead, it is anticipated that any effects would be
limited to potential behavioral changes. For analysis purposes in this EIS, it as assumed that the
common maximum diving depth for humpbacks is 150 m.

In the general area of the proposed sound source off Kanai, most of the humpback whales
(>73%) tend to stay within the 100 fathom (200 m) depth contour, close to shore. Based on 1993
and 1994 MMRP baseline surveys and observations of humpbacks north of Kauai, when
humpbacks are present in Kauai waters (November - May), it appears that on average 0-5
humpback whales could be found within the 120 dB sound field area during any given sound
transmission. Data from the studies indicate that most individual humpbacks probably remain in
the Kauai project area for relatively brief periods, in contrast to the waters around Maul that
experience much higher concentrations of the whales, which remain for more extended periods.

Sperm whales and some beaked whales are capable of diving to > 800 m depth; the
former may have some low frequency hearing capability. Thus these species could be affected
by passage through the sound fields, although encounters with high intensities would be expected
to be rare. It is expected that the use of the 5 min sound ramp-up procedure and limited duty
cycle would mitigate potential impacts.

Statistical analysis based on conservative assumptions and a random distribution gives
the estimate that, with a 2% duty cycle, one sperm whale might be exposed to greater than 150
dB levels once during a two-year period. Sperm whales are a focus of MMRP research and, as
noted above, all whale vocalizations detected by passive acoustic arrays would be recorded and
analysed.

Other odontocetes are not known to dive to sound field depths and/or to have low
frequency hearing. Therefore, potential impacts from the sound source are expected to be
minimal for these species.

The only pinniped in the area, the endangered Hawaiian monk seal, probably-has poor
low frequency hearing. Recent data from a seal tagged with a time-depth-recorder (TDR)
indicated it dove at least once to 500 m, which was the limit of the TDR (Ragen, pers. comm.,
1995). Although monk seals are seen around Kauai, most of the population inhabits the
northwestern Hawaiian Islands, where the project source would be inaudible to them. There are
at least 2-3 resident animals on Kauai (Nitta, pers. comm., 1995). There were, among others, 3
sightings around the island in 1993-none off the north shore; and one sighting off the north
shore during 1994 MMRP shore-based visual surveys (Smultea et al., 1994). Although any level
of physiological impact on this endangered species would be considered adverse, there is little
likelihood of such an occurrence.

Concerning sea turtles, maximum diving depths for leatherbacks are >1000 m. No other
species of sea turtle are known to dive >500 m. Leatherbacks may be sensitive to low frequency
sound. However, densities are presumed low in the Kauai area, and it is expected that the 5-min
ramp-up and limited duty cycle would mitigate potential effects.
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There is potential for auditory injury for individuals of any species of fish located where
received sound levels are at or above 180 dB (Hastings, 1991), which equates to a radius of about
8 m around the source. However, given that the 5-min ramp-up period may allow sufficient time
for fish to depart the area prior to onset of the main transmission, and the small volume involved
for the 180-195 dB level, potential impacts on fish populations would be expected to be minimal.
Most pelagic fish species should be far enough away from the proposed source site to experience

no impacts from the source transmissions. Similarly, those species inhabiting the areas below
the depth of the source (i.e., >850 mn) should receive less exposure (approximately 5-10 dB less).

Sharks likely are the species of fish most vulnerable to potential effects from low
frequency sound transmissions. Sharks hear best in low frequencies below 300 Hz and, in fact,
seem to be attracted to low frequency sounds, which they may use as a means of locating prey.
Because sharks are known to be attracted to low frequency signals, they would appear to be one
of the best candidates for incurring some level of auditory (i.e., TIS) and/or behavioral
disruption due to the ATOC source transmissions. However, based on studies by Nelson and
Johnson (1972), sharks readily habituated to low frequency, pulsed sounds. Thus, it might be
that the attractiveness of the ATOC source emanations would wane over a period of time, given
its more constant transmission characteristics, at duty cycles (transmission periods) of 2-8%. For
the three species of shark for which audiograms are available (horn, lemon, bull) hearing
thresholds in the 75 Hz range were from 99-103 dB, equating to potential masking areas of
radius 5km out to approximately 300 kIn. The 2% duty cycle would mitigate the potential for
masking; i.e., 98% of the time a shark would be able to percieve prey through low frequency
sounds, and effective masking would occur for environmental sounds shorter than the 20 min
ATOC transmission period, that happened to fall within that 20 min transmission window.

The greatest potential impact would be anticipated among those animals that have
exhibited the capability to dive as deep as the ATOC source and that do, or might possibly, hear
low frequency sounds well. As indicated above, this group includes the sperm whale and the
leatherback sea turtle. At deep sound channel depths (800-1000 m off the north Kauai coast) the
ocean is somewhat quieter, with average ambient noise levels 2-3 dB below those at the surface.
When animals capable of detecting low frequency sound are at these depths during the 2% of the
time that the source is transmitting, it could be audible (at approximately 91 dB received level) to
an estimated range of up to 500 km.

Effects of low frequency sound on other species of marine animals, including seabirds,
plankton, and invertebrates, are expected to range from uncertain to nonexistent. Effects on
growth rates of one species of shrimp have been observed in laboratory experiments (where the
sound was continuous and the shrimp were contained within physical boundaries). However, the
zone within which this impact might occur as a result of source transmissions would be expected
to be very small, and would not be expected to affect a significant portion of the shrimp
population or, indirectly, the species (including baleen whales) that prey on shrimp.

In sum, the potential effects of ATOC sounds on marine animals are an important
concern, and an accurate assessment of the scale of the possible impacts is required. Based on
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the data currently available, the greatest possible concern should be for sperm whales,
leatherback sea turtles and sharks. However, adverse impacts are not anticipated.

OTHER POTENTIAL EFFECTS

Apart from potential acoustic effects on marine organisms, the environmental impacts of
the proposed project are very minor, as summarized below.

Physical Effects

The ATOC project's physical facilities are relatively small in scope and generally
minimal, including a sound source comparable in size to a large water heater, mounted in a tripod
frame 3.7 m (11 ft) high. A 2.5 cm (1 in) diameter power cable, 51.5 km (27.8 nm) long, would
connect the source to an existing cable seaward of Barking Sands. No trenching or similar
alteration of the seafloor would occur, and all of the facilities would be removable. The direct
physical impacts of the project are, therefore, negligible. The source sounds would add to the
ambient noise levels in the vicinity of the sound source during the 2-8% of the time it would be
operating.

Socioeconomic Effects

Socioeconomic effects are likewise considered to range from minor to nonexistent. No
significant impacts are anticipated in the areas of commercial, recreational or potential fisheries,
mariculture activities, shipping, military usage, mineral or energy development, cultural and
historical areas, recreational activities and tourism, or other socioeconomic areas. Further, a
Kauai Citizen's Advisory Group (CAG) would be formed. Before the 1994 Hawaii public
hearings on the proposed project, the MMRP Director and senior staff had several meetings with
a number of concerned Kauai citizen's groups. During the course of these meetings, the concept
of a CAG was conceived. A number of people who attended those meetings are promising
candidates for the CAG. The goal would be to have representation from the following Kauai
organizations:

"* Local fishermen
"* Commercial water users (e.g., zodiac boat tour operators)
"• Native Hawaiian groups (sovereignty movement)
"• Chamber of Commerce
"• Local education (e.g., Kauai Community College)
"* Local government (e.g., Mayor's office)

Aditional representation from other pertinent Kauai organizations would be welcomed,
with the objective of having approximately ten representatives on the CAG. Immediately upon
receipt of the necessary permits and authorizations to conduct the MMvfRP, contact would be
made with these organizations, requesting that they nominate a primary representative and an
alternate to the CAG. A charter would be drafted and approved by a majority of the CAG
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members at the outset to ensure this effort would engender productive and responsive
interactions.

Consistency with Plans and Policies; Other Impacts

The ATOC project and its physical facilities, and the MMRP, are analyzed in relation to
applicable plans and policies in Section 5 of this EIS. It is believed that ATOC and the MMRP
are consistent with all such plans and policies, including the Hawaii Coastal Zone Management
Program, the Hawaii Ocean Resources Management Plan, and the Final Humpback Whale
Recovery Plan.

No other potential impacts of the project are of significant concern.

Significance of Potential Impacts

As stated above, this EIS is intended to comply with both NEPA and HEPA. According
to HEPA (Hawaii Department of Health's Administrative Rules, Title 11, Chapter 200, Section
11-200-12), an action shall be determined to have a significant impact on the environment if it
meets any one of the following criteria:

* Involves a loss or destruction of any natural or cultural resource;
* Curtails the range of beneficial uses of the environment;
* Conflicts with the State's long-term goals or guidelines as expressed in Chapter

344, HRS;
* Substantially affects the economic or social welfare of the community or state;
• Substantially affects public health;
0 Involves substantial secondary effects, such as population changes or

infrastructure demands;
0 Involves a substantial degradation of environmental quality;
* Is individually limited but cumulatively has considerable effect on the

environment, or involves a commitment to larger actions;
* Substantially affects a rare, threatened or endangered species or its habitat;
* Detrimentally affects air or water quality or ambient noise levels; or
0 Affects an environmentally sensitive area, such as a flood plain, tsunami zone,

erosion-prone area, geologically hazardous land, estuary, freshwater area, or
coastal waters.

Measured by these criteria, potential impacts from the proposed ATOC source are
deemed less than significant, based on the application of 23 mitigation measures. No other
potential impacts are significant, based on commonly-applied standards articulated in Section 4.

The conclusions in this EIS regarding the significance of potential impacts are not
intended to constrain decisions under other regulatory programs, although those conclusions may
provide information relevant to other programs. For example, a "taking" by "harassment" of
marine mammals requiring a permit from NMFS can still occur despite "less than significant"
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impacts of that harassment (as defined by HEPA). Also, the designation of a potential impact as
less than significant is not intended to imply that it is unimportant or not worthy of concern.
This is demonstrated by the adoption of mitigation measures for several less than significant
impacts, even though HEPA does not require mitigation of such impacts.

ALTERNATIVES TO THE PROPOSED ACTION

A number of alternatives were evaluated in the development of the ATOC project
proposal. The alternatives presented in this EIS include several different scientific approaches to
the global warming problem, alternative technologies for acoustic thermometry, and alternate
acoustic source sites. Some of the alternatives identified by the preparers or requested by the
public are, in fact, elements of the proposed project and are not analyzed separately. Several
other alternatives were found not to meet project objectives and were eliminated from detailed
analysis.

The alternatives considered include: 1) the proposed action; 2) no action; 3) alternate
project sites (four such sites are screened; including sites off the coast of Kauai, Midway Island,
Johnston Atoll, and the Aleutian Islands); 4) moored autonomous sources; 5) restricted source
transmission times; 6) modified source operational characteristics; 7) global climate models; 8)
satellite sensors for sea surface temperature measurements; 9) satellite sensors for sea level
measurements; 10) oceanographic point sensors (measurements using conventional
thermometers); 11) autonomous polar hydrophones; and 12) dual site experiment (alternative
MMRP techniques-mobile playback experiments).

- Of the twelve alternatives considered, the proposed action (Kauai), no action, one
alternate site (Johnston Atoll), and moored autonomous sources were selected for detailed
consideration.

Generally speaking, all of the alternative scientific methods for addressing the global
warming problem are either included in the project as proposed, or would not meet project
objectives. For example, the use of global climate models is an integral part of the project.
Satellite measurements of sea surface temperature and sea level are also important sources of
information regarding global warming, but do not provide information comparable to that
expected from ATOC. Oceanographic point sensors are also useful, but are limited due to the
relatively small number of measurements that are practicable. Similarly, alternative acoustic
thermometry techniques are included in the project proposal to the extent feasible. For example,
this project already has source operational characteristics optimized for low transmission
intensities and impacts; restricted (seasonal) source transmission times would not support
MvRP or acoustic thermometry objectives. Also, mobile playback experiments are planned as
an adjunct to the MMRP (see Appendix C).

Several constraints are faced in siting an acoustic source for ATOC purposes. A suitable
source site must, among other factors: 1) be at or near the deep sound channel depth; 2) have
downward slopes in the direction of receiving stations; 3) lack acoustic obstructions (seamounts,
shoals, etc.) in the direction of those receivers; and 4) be reasonably close to shore (to minimize
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cable lengths and other logistical problems). Also, since a goal of these experiments is to
evaluate the potential impacts of low fiequency sound on marine animals, sufficient populations
should be present close enough to shore so that they can be studied. Very few sites meet all of
these criteria and none nearly as well as the proposed Kauai (and preferred California site [Sur
Ridge]).

The ATOC project's screening of potential source sites was comprehensive. First, an
ocean basin was selected for the proposal. In making this selection, the northern hemisphere was
preferred due to the relatively large number of subsea listening systems already in place; these
were installed during the cold war at a cost of approximately $20 billion, and could not
practicably be replicated elsewhere. The Pacific was preferred over the Atlantic because the
mid-Atlantic ridge is a potential acoustic barrier (and possibly an acoustic mirror) at sound
channel depths. Central and eastern Pacific locations were preferred given the proximity to U.S.
research institutions and the relative abundance of U.S. possessions, including the mainland U.S.
From that point the proposal evolved to locate a source in the mid-Pacific. The north shore of
Kauai is the only area that combines favorable logistics with good acoustic views to the Aleutian
Islands. The specific site proposed north of Kauai is the location furthest from shore, at sound
channel depth.

A moored autonomous source is one which is not attached to shore-based power by
cables but is free-standing, powered by large battery assemblies, moored to the ocean bottom
with weights, and buoyed up by floats at the correct ocean depth. The principal advantage of
moored autonomous sources is the increased flexibility in siting opportunities that they present.
On the other hand, most moored autonomous source locations would probably be some distance
from shore, and would create severe logistical problems for any marine mammal research
program. To date, there have been no sources designed for autonomous operation that efficiently
operate at frequencies as low as 75 Hz, or have been proven to function at pressures found at
750-1000 m deep in the ocean. In addition, since a moored source would sway in the horizontal
plane (due to current motion), and accurate location is critical for acoustic thermometry,
equipment would have to be included for real-time tracking of the source's position within a few
feet. Such equipment is available for other applications, but has not yet been adapted for this
use. In addition, the power requirements of a moored autonomous source are greater than other
oceanographic applications and large battery packs (probably lithium) would be required. As a
result, this alternative cannot be considered the optimum choice at this time. Nonetheless, due to
its potential future applicability, this alternative is analyzed in detail in this EIS.

Comparison of Alternatives

The Kauai site best meets the project objectives for both the ATOC feasibility
demonstration and the MMRP. The Johnston Atoll site would be a relatively poor location for
the MMRP due to its distance from shore, as well as the low concentrations of marine mammals
of interest. Johnston Atoll also has poor acoustic views. Installation of moored autonomous
sources would also require the development of new technology and resolution of a number of
engineering problems.
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The comparative biological impacts of the alternate source sites would depend upon the
relative abundance of sensitive animals at the respective locations. For the most part, these
differences would be a matter of degree, with no site offering clear advantages from the
standpoint of all species. The no action alternative would have no impacts on marine animals,
but would not achieve the project objectives.

All of the alternatives would have comparable physical impacts, with the exception of the
no action alternative that would have no physical impacts, and the moored autonomous source
alternative that would not involve a cable installation, but which would have minor potential
impacts from the use, disposal, and potential leakage of toxic battery fluids. Similarly, all of the
alternatives would have comparable socioeconomic effects, except for the no action alternative
that would have none of the beneficial or adverse impacts of the proposed project.

MITIGATION MEASURES

This EIS has identified mitigation measures that would be applied to the proposed project
in two ways. First, beneficial features of several alternatives, that would mitigate the potential
effects of ATOC subsea sounds on marine animals, have been identified and incorporated into
the project as proposed. These mitigation measures derived from the alternatives are numbered
in sequence with an "A" prefix, as follows:

Mitigation Measure A-I: A dedicated MMRP Pilot Study will precede ATOC
feasibility operations as described in detail in Section 2.2.1 and Appendix C.

Mitigation Measure A-2: ATOC sound sources would utilize frequencies anticipated to
have minimal adverse impacts on species that may be exposed to their acoustic output
(i.e., based on available information, either a higher or lower frequency might be
expected to result in increased potential adverse impacts).

Mitigation Measure A-3: ATOC sound sources would operate at the minimum
power level necessary to support MMRP objectives and feasibility operations.

Mitigation Measure A-4: The ATOC project would continue to study source
waveforms and transmission lengths that may facilitate long-range detection of the
source sounds which, in turn, may permit lower source intensities than would otherwise
be required.

Mitigation Measure A-5: ATOC sound sources would operate at the minimum
duty cycle necessary to support MMRP objectives and feasibility operations.

Second, other mitigation measures are identified as follows:

Mitigation Measure 1-1: For the Johnston Atoll alternative, the portions of the ATOC
cable and any protective casing in the nearshore area and surf zone would be designed to
minimize the potential for adverse impacts.
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Mitigation Measure 1-2: ATOC facilities would be removed at the end of the
experiment, to the extent economically and practicably feasible.

Mitigation Measure 2-1: The duty cycle and power levels of the ATOC source would
be adjusted to the minimum necessary to support research objectives, and the source
would be shut down if any of the acute or short-term responses in Table C-1 are
observed in relation to source transmissions.

Mitigation Measure 2-2: The ATOC project would coordinate with other oceanographic
and acoustic research efforts, US. Navy activities, and the commercial fishing industry,
to ensure that scheduling and operational conflicts are avoided

Mitigation Measure 3-1: A Marine Mammal Research Program (MMRP) will be carried
out in connection with the ATOC project in accordance with the protocols set forth in
Appendix C to this EIS. With regard to potential phy"sical auditory impacts on mysticetes,
a goal of the MMRP will be to validate the assumptions regarding population
distribution and diving behavior, which form the basis for predicting the potential for
effects from the A TOC sound source.

Mitigation Measure 4-1: As provided in mitigation measure 2-1, the duty cycle and
power levels of the ATOC source would be adjusted to the minimum necessary to
support research objectives, so that potential impacts to mysticetes would be minimized

Mitigation Measure 4-2: As provided in mitigation measure 3-1, a MMRP will be
carried out in connection with the ATOCpfoject in accordance with the protocols set
forth in Appendix C to this EIS. With regard to potential impacts on mysticetes, a
goal of the MMRP will be to identify the nature, frequency, and significance of any
responses to ATOC source transmissions.

Mitigation Measure 5-1: As provided in mitigation measure 2-1, the duty cycle and
power levels of the ATOC source would be adjusted to the minimum necessary to
support research objectives, so that potential long-term impacts to mysticetes would be
minimized

Mitigation Measure 5-2: As provided in nm'rigarion measure 3-1, a MMRP will be
carried out in connection with the ATOC project in accordance with the protocols set
forth in Appendix C to this EIS. With regard to potential long-term impacts on
mysticetes, a goal of the MMRP will be to identify the nature, frequency, and
significance of any long-term changes due to ATOC source transmissions (via
comparison of animal distribution data before, during, and after source transmission
periods over a two-year period).
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Mitigation Measure 6-1: A MMRP will be carried out in connection with the ATOC
project in accordance with the protocols set forth in Appendix C to this EIS. With
regard to potential physical auditory impacts on odontocetes, a goal of the MMRP
will be to validate the assumptions regarding population distribution, abundance and
diving behavior of sperm whales, which form the basis for predicting the potential for
effects from the ATOC sound source.,

Mitigation Measure 7-1:. A MMLP will be carried out in connection with the ATOC
project in accordance with the protocols set forth in Appendix C to this EIS. With
regard to potential physical auditory impacts on the one pinniped species endemic to the
Hawaiian Islands, the Hawaiian monk seal, a goal of the MMRP would be to validate the
assumptions regarding population distribution in the study area (via aerial visual
surveys), which form the basis for predicting the likelihood ofpotential impacts due to
the ATOC source transmissions.

Mitigation Measure 8-1: The MMRP would support field research to attempt the
collection of auditory and/or behavioral observations on leatherback sea turtles.

Mitigation Measure 9-1: The MMRP would incorporate into its research protocol
the goal of assessing whether acoustic transmissions could potentially cause sea turtles
to spend more time than normal at the sea surface.

Mitigation Measure 9-2: The MMRP would incorporate into its research protocol,
the goal of assessing whether acoustic transmissions could potentially cause leatherbacks
and other sea turtle species to avoid the ATOC source area

Mitigation Measure 10-1: The MMRP would monitor fish stock assessments (via
Western Pacific Regional Fishery Management Council catch-block landing data; L TP Y,
CPY, and RAY data from NMFS; and interaction with the Kauai CAG and local
fishermen) to attempt evaluation of the potential for increased mortality and predation on
fish, in relation to ATOC source sounds.

Mitigation Measure 11-1: The MMRP would monitor fish stock assessments (via
Western Pacific Regional Fishery Management Council catch-block landing data; LTPY,
CPY, and R4Y data from NMFS; and interaction with the Kauai CAG and local
fishermen) to attempt evaluation of the potential for impacts to fish, particularly sharks,
in relation to ATOC source sounds.

Mitigation Measure 12-1: Vessel and aircraft traffic would be kept to a minimum,
consistent with the requirements of the MMRP protocols and ATOC program
requirements. Where possible, trips would be consolidated or other measures taken
to reduce the aircraft and vessel traffic levels resulting from the project.
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Mitigation Measure 13-1: All ATOC/MMRP vessels and aircraft would be
equipped with required air pollution controls.
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INTRODUCTION, PURPOSE AND NEED FOR ACTION

1 INTRODUCTION, PURPOSE AND NEED FOR ACTION

This Environmental Impact Statement (EIS) evaluates the potential impact of a low
frequency sound source proposed to be installed by the University of California, San Diego,
Scripps Institution of Oceanography (Scripps) off the north shore of Kauai, Hawaii, as a part of
the Acoustic Thermometry of Ocean Climate (ATOC) project. It also evaluates the potential
impacts of marine mammal observation activities proposed to be carried out as part of the ATOC
program.

Under the Marine Mammal Protection Act (MMPA) and the Endangered Species Act
(ESA), permits are required for activities that would "harass" marine mammals, defined firther
under the MMPA as "any act of pursuit, torment, or annoyance which: 1) has the potential to
injure a marine mammal or marine mammal stock in the wild; or 2) has the potential to disturb a
marine mammal or marine mammal stock in the wild by causing disruption of behavioral
patterns, including, but not limited to, migration, breathing, nursing, breeding, feeding or
sheltering." Activities falling under the first definition are termed Level A harassment, while
those encompassed by the second are called Level B harassment. Since previous studies on
marine mammals have observed possible changes in behavior, such as approach to or avoidance
of the sound source or change in habitat utilization, in response to nearby subsea sounds at
intensities comparable to the proposed sound source, the ATOC project has been determined to
be subject to this permitting program.

Three permit options potentially are available in this situation. First, permits can be
issued for bonafide research, defined under the 1994 MMPA Amendments as "scientific
research on marine mammals, the results of which - (a) likely would be accepted for publication
in a referred scientific journal; (b) are likely to contribute to the basic knowledge of marine
mammal biology or ecology; or (c) are likely to identify, evaluate, or resolve conservation
problems." Second, authorizations can be issued for the harassment of "small numbers" of
marine mammals "incidental" to any other lawful activity. Third, a waiver can be requested of
the MMPA's moratorium on taking.

In 1993, Scripps was informed by the National Marine Fisheries Service, Office of
Protected Resources (NMFS) that a scientific research permit (SRP), rather than an incidental
take authorization would be the preferred approach. This choice was guided, in part, by NMFS's
concern that available information was insufficient to make the findings necessary to issue a
small take exemption and, that additional scientific research to evaluate the potential impacts of
low frequency ATOC source transmissions on marine mammals is needed.

As a result, and in compliance with MMPA and ESA guidelines, Scripps submitted an
application for a scientific research permit (SRP) to NMFS to evaluate any potential effects on
marine mammals of the ATOC low frequency sound transmissions off the north shore of Kauai,
Hawaii via a Marine Mammal Research Program (MMRP). A revised application is being
submitted in conjunction with this Final EIS, which specifies a MMRP Pilot Study starting in the
fall of 1995.
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Under Chapter 190D of the Hawaii Revised Statutes, a permit is required for use of lands
in the state's Conservation District. Because the ATOC sound source and cable are on
submerged lands that are part of the Conservation District, Scripps has applied to the Hawaii
Department of Land and Natural Resources (DLNR) for a Conservation District Use Permit.

The purpose of this EIS is to identify any potentially significant environmental effects
associated with the proposed project, to identify alternatives to the proposed project, and to
discuss measures which can be incorporated into the project to mitigate or avoid potentially
significant impacts. This EIS has been prepared to facilitate NMFS's and DLNR's consideration
of Scripps' applications and to provide a public forum for disclosure and discussion of the
potential environmental impacts of the proposed project. It also is intended to augment other
environmental reviews required for the project, including consultation under Section 7 of the
Endangered Species Act and review of the project by the State of Hawaii (Office of State
Planning) under the federal Coastal Zone Management Act, the Hawaii Department of Health,
and other state and federal agencies.

This project is proposed to be carried out using two separate acoustic sources; the one
discussed in this document, to be located off the north shore of Kauai, Hawaii, and a second
source to be located off central California. Because of the differences between the two
installations, in terms of research programs as well as the environmental settings, NMFS
determined early in the permitting process that separate environmental documentation should be
prepared.

A joint federal/state Environmental Impact Statement/Environmental Impact Report
(EIS/EIR) has been prepared for the California ATOC acoustic source pursuant to the
requirements of both the National Environmental Policy Act (NEPA) and the California
Environmental Quality Act (CEQA). This document, known as California ATOC/MMRP Final
Environmental Impact Statement/Environmental Impact Report was released for public review
on May 5, 1995, and is hereby incorporated by reference into this EIS. An Environmental
Assessment (EA) was prepared for the ATOC Acoustic Engineering Test (AET), which was
accomplished in November 1994 and is incorporated by reference into this FEIS. The Draft EIS
for the Kauai ATOC Project and its associated MMRP is also incorporated by reference into this
FEIS. Copies of the California Final EIS/EIR, the AET EA, the Kauai Draft EIS and the Kauai
Final EIS will be available for public review at the following locations:

I. National Marine Fisheries Service 2. Department of Land & Natural Resources
Office of Protected Resources Office of Conservation & Environ. Affairs
1330 East-West Highway 1151 Punchbowl
Silver Spring, Maryland 20910 Honolulu, HI 96813

3. Office of Environmental Quality Control 4. University of California, San Diego
220 South King Street, Fourth Floor University Library
Honolulu, HI 96813 9500 Gilman Drive

La Jolla, CA 92093
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5. State Main Library 6. University of Hawaii
478 South King Street Hamilton Library
Honolulu, HI 96813 2550 The Mall

Honolulu, HI 96822

7. Kauai Regional Library 8. Koloa Community School Library
4344 Hardy Street P.O. Box B
Lihue, HI 96766 Koloa, HI 96756

9. Kapaa Public Library 10. Hanapepe Public Library
1464 Kuhio Highway P.O. Box B
Kapaa, HI 96746 Hanapepe, HI 96716

11. Molokai Public Library 12. Lanai Community School Library
P.O. Box 395 P.O. Box A-149
Kaunakakai, HI 96748 Lanai, HI 96763

13. Kahului Regional Library 14. Hilo Regional Library
90 School St. P.O. Box 647
Kahului, HI 96732 Hilo, HI 96721

15. San Francisco Public Library 16. Los Angeles Public Library
Civic Center Central Library
San Francisco, CA 94102 630 West 5th Street

Los Angeles, CA 90071

17. Monterey Public Library 18. Santa Cruz City/County Library System
625 Pacific Street 224 Church Street
Monterey, CA 93940 Santa Cruz, CA 95060

This EIS specifically addresses only the Hawaii portion of the ATOC project. The
organization of this EIS is as follows: Section 1 contains a description of the proposed project
and its associated MMRP, also briefly describing applicable regulatory requirements and the
scoping process that supported the development of this EIS. Section 2 describes twelve potential
alternatives to the project on an initial screening level, selecting four of those alternatives for
detailed environmental analysis -- the proposed project mid-Pacific source location (north of
Haena Point, Kauai), no action, one alternative source location (Johnston Atoll), and an
alternative technology (moored autonomous sources). Section 3 describes the environmental
setting, focusing on habitat values important to marine mammals, sea turtles, sea birds, fishes
and invertebrates, but also discussing other areas of concern expressed by the public during the
scoping process. Section 4 evaluates the potential environmental impacts of the proposed action
and alternatives, again focusing on habitat questions but also evaluating the full range of
potential impacts. Section 5 reviews project consistency with applicable requirements. Section 6
includes analysis of a number of additional issues to be considered under NEPA, and other
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regulatory programs. Section 7 lists the individuals involved in preparing this document and
Section 8 includes the EIS Circulation List.

1.1 THE ATOC FEASIBILITY PROJECT

This subsection presents some background on the global climate change question that
project seeks to address, an evaluation of the rationale and approach proposed for the Marine
Mammal Research Program, a description of how the acoustic thermometry system is expected
to work, and a description of the specific facilities and activities proposed for the project in
Kauai.

1.1.1 INTRODUCTION TO THE GLOBAL CLIMATE CHANGE PROBLEM AND
ATOC'S ROLE IN ADDRESSING THAT PROBLEM

During the last few decades the problem of global climate change has received intense
international attention. It is now known that atmospheric concentrations of a number of gases,
particularly carbon dioxide, methane, and freons, are steadily increasing due to human activities.
For example, carbon dioxide is produced by the burning of fossil and other fuels. The clearing of
tropical rainforests also has been identified as a contributor to carbon dioxide buildup in the
atmosphere. Farming activities increase methane production. Freons are widely used in air
conditioning equipment and manufacturing processes and, until recently, had been routinely
released into the atmosphere during the maintenance and disposal of these systems.

It is also known that these gases tend to trap heat within the atmosphere -- the
"greenhouse effect." Whether or not the increasing concentrations of greenhouse gases will lead
to global warming is a-complex and controversial question. It has been argued that increasing
levels of carbon dioxide will simply stimulate plant growth which, in turn, will remove the
carbon from the atmosphere. Similarly, it is suggested that temperatures will be moderated by
the ocean serving as a "heat sink" or that short-term increases in temperature will result in
increased cloud cover which will reflect sunlight, reduce temperatures, and thereby counteract
the effect of these emissions.

Data collected from tide gauges over the last century have shown increases in the average
sea level of about 0.10 to 0.20 cm/yr, the amount many scientists expect due to global warming.
However, there are relatively few tide gauges around the globe, and their accuracy often comes
into question. Now, a U.S.-French oceanography satellite, Topography Experiment/Poseidon
(TOPEX/Poseidon), using advanced altimeter measurements of sea level, has produced similar
results, as announced at the December, 1994 meeting of the American Geophysical Union.
Preliminary data taken from December 1992 to September 1994 indicate a rise of approximately
0.31 cm/yr (NASA, 1994). NASA stated that such an increase can be caused by thermal
expansion of the oceans, and melting of glaciers and the polar ice caps -- a long-term rise in
mean sea level would support the existence of global warming.

In consonance with the sea level measurements via tide gauges and satellites, global
climate change discussions are often based on projections primarily derived by complex
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computer models. In part, these models attempt to reflect the fact that the atmosphere and ocean
form a combined system, interacting to determine the earth's weather and climate. Since the
oceans are the earth's major reservoir of heat, as well as an important depository of carbon
dioxide, they play a pivotal role in moderating or otherwise affecting global climate change.

Computer models of global warming due to increasing greenhouse gases predict
complicated large-scale patterns of warming and, in some regions, cooling of the atmosphere and
ocean. Some predicted changes are very severe; one model predicts that the ventilation, or
circulation, of the deep ocean will cease, with severe consequences to marine life.

However, the time scales and the specific global consequences on climate predicted by
these models have been criticized as inaccurate and oversimplified. Therefore, they have had
limited impact on governmental decisions to take action to curb emissions of greenhouse gases.
A principal shortcoming of these models results from the fact that, in several critical areas, they
must rely upon assumptions about, rather than actual measurements of, ocean "weather." Global
atmospheric climate changes cannot be predicted without fully understanding global ocean
processes. Yet, to date, there are no large-scale observations of ocean temperatures to compare
with and verify the predictions of existing climate models. There is important need for model
predictions to be tested against observations, if the models are to serve as a persuasive basis for
policy formulation.

The proposed ATOC project is a demonstration or "proof of concept" phase, with the
goal of testing the acoustic thermometry concept. Following this initial demonstration period,
any future facilities or operations would be subject to additional environmental review and
authorization. The lessons learned from the demonstration phase would support facets of future
global climate change research planning, such as whether the program will proceed; and if so,
would address where facilities would be located, equipment design, sound levels, mitigation
measures, etc. Since it is not presently known what will be learned from the demonstration
phase, the particulars of any future activities can only be speculated on at this time.

1.1.2 THE MARINE MAMMAL RESEARCH PROGRAM

The Acoustic Thermometry of Ocean Climate program recognizes a need to evaluate the
potential effects of the proposed source transmissions on marine animals, in particular marine
mammals and sea turtles. It is known, for example, that some large whales vocalize (and
presumably can hear well) in frequency ranges similar to those to be used by the ATOC system.
However, very little is known about the effects of low frequency sound on marine animals,
particularly marine mammals and sea turtles.

In response to the question of potential effects, a Marine Mammal Research Program
(MMRP), led by Dr. Christopher W. Clark of Cornell University's Bioacoustic Research
Program, has been established as an integral part of the ATOC project. The MMRP would
investigate the potential impact of the low frequency sound sources on marine mammals and sea
turtles at both the California and Hawaii source sites. Dr. Clark heads the research in Hawaii and
Dr. Daniel P. Costa of the University of California, Santa Cruz (Long Marine Laboratory), leads
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the California research. The MMRP recognizes that the available data on this question are sparse
and has designed research protocols to broaden the information base. In Hawaii, the MMRP has
been gathering baseline data for two seasons at the location of the proposed source site.

The University of Hawaii (Rappa et al., 1994) prepared for NOAA the publication ASite
Chaaceriaton StUdy for the Hawaiian Islands Humpback Whale National Marine Sancuary,

in which they acknowledged the expected benefits of the proposed action: "Projects such as the
Acoustic Thermometry of Ocean Climate Marine Mammal Research Program ..., promise to
expand our knowledge of the effects of low frequency sound on humpback whales in particular."

Initially, the MMIRP will conduct a Pilot Study to evaluate potential significant effects on
marine animals, particularly marine mammals and sea turtles, before initiating ATOC climate-
related operations. This would entail manipulating the signal strength (power levels) and duty
cycle (repetition rate) of the source for a period of 6-10 months. Results would be evaluated on a
near real-time basis throughout the Pilot Study such that modifications to the sound usage based
on initial duty cycles could be implimented and tested during the Pilot Study. A quicklook
evaluation available 30 days after conclusion of the Pilot Study would be reviewed by ARPA,
NMFS, the MMRP Advisory Board (MMRP AB), the Marine Mammal Commission (MMC),
the Marine Mammal Center (TMMC), and the proposed Kauai Community Advisory Group.
The quicklook would verify whether or not any acute or short-term responses (Table C-I) could
be attributed to ATOC sound transmissions. Research would continue (after the MMRP Pilot
Study) only if no such adverse effects were observed. NMFS has the ultimate authority for
allowing the research to proceed.

Following sucessful completion of the MMRP Pilot Study, regularly scheduled ATOC
feasibility operations would commence during which the MMRP research phase would continue
throughout. Transmissions would occur on one out of every four days. Transmissions on that day
would last for 20 min every 4 hrs, the minimum time necessary to study the potential effects on
marine mammals and to collect climate-related data. This equates to a duty cycle of 2% (the
source will be silent 98% of the time). About six months after the end of the MMRP Pilot Study
and after release of the Final Pilot Study Report, two months of transmissions at an 8% duty cycle
(20 min transmissions every 4 hrs on every day) would be conducted to investigate the effects of
tides and other high frequency ocean fluctuations on the acoustic transmissions. Following the
two-month ocean effects investigation, the schedule would resume transmissions at the 2% duty
cycle. Table 1. 1.2-1 displays in a graphic form this sequencing and interrelationship of the
components of the program. Studies of the potential effects of low frequency source transmissions
on marine mammals and sea turtles would be conducted throughout all of these sequences.

A detailed description of the MMRP Pilot Study Research Protocol is included in Appendix
C.
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ACTIVITY TIME PERIOD ACTIVITIES INVOLVED SL/DUTY
(duration) CYCLE

1. MMRP Jan 93 - Apr 95 • Aerial Surveys. 0/0
Preliminary Baseline (Approx.) . Shipboard visual and acoustic surveys.

Data Collection . Shipboard behavioral observation and Photo ID.
(No source (3 field seasons • Small boat-based behavioral observation.

transmissions) 12 months total - Shore-based observations.
_approx.) L,_

2. M RP MMRP Research Team (MRT) operates source 185-195 dB/
Pilot Study; including Aug/Sep 95 - at varying intensities (_< 195 dB source level) and 2-8%

near real-time data Feb/Mar 96 duty cycles (._ 8%) to assess the potential for any
processing and (approx.) impacts on marine animals.

analysis . Continue activities from baseline data collection
(6 months approx.) phase.

- HLA-based acoustic detection of mysticetes.
- Cetacean playback studies (humpback whales)

3. MMRP * MRT reports on preliminary results from Pilot N/A
Pilot Study Quicklook Apr/May 96 Study to all concerned (ARPA, Scripps, NMFS,

Report (approx.) MMC, PRSRG, TMMC, Kauai CAG, etc.).
- Data used as basis for authorization to start

follow-on ATOC feasibility ops and MMRP
research.

4. MMRP - MMRP continue activities from baseline data 195 dB/
Research May/Jun - Nov 96 collection phase, as scheduled. 2%

(approx.) • Assuming positive results from Pilot Study
Quicklook Report, ATOC feasibility ops proceed

(6 months approx.) at < 195 dB source level and 2% duty cycle (6
transmissions/day, every 4•h day). I_ _

5. M[MRP - To be used as a final determination for N/A
Pilot Study Nov 96 continuation and configuration of ATOC

Final Report (approx.) feasibility ops and MMRP activities.

6. MMRP * MMRP and ATOC feasibility ops continue in 195 dB/
Research Nov 96 - May 97 parallel. 2-8%

(approx.) - Assuming positive results from Final Pilot Study
Report, duty cycle increased to 8% (6

(6 months approx.) transmissions/day every day) for 2 month study
of tidal and ocean high freq. fluctuation effects.

• After 2-month investigation, ATOC feasibility
ops revert to 2% dut" cycle (6 transmissions/day
every 4th day) for duration.

If Pilot study quicklook/final report results are negative, ATOC feasibility operations would not commence until the issues
raised by the report had been resolved.

Table 1.1.2-1 MMRP and ATOC program elements and sequencing (proposed Kauai site).
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1.1.3 THE ACOUSTIC THERMOMETRY PROGRAM

The basic idea of ATOC is simple. Sound travels faster in warm water than in cold water.
The travel time of a sound signal from a source near Hawaii to a receiver near California, for
example, will decrease if the intervening ocean warms up, and will increase if the ocean cools
down. The velocity of sound in the sea also increases with an increase in salinity, but in the open
ocean deepwater, salinity normally has only a small effect in the velocity (Urick, 1983). The travel
time is a direct measure of the large-scale average temperature between the source and receiver.
The information obtained is similar to that which would be obtained for the atmosphere by
averaging data from the many thousands of land-based weather stations that exist.

The Hawaii-based source would be used to transmit low frequency, digitally coded sounds
across the North Pacific ocean basin to receiving stations offshore Alaska, Washington, Oregon,
California, and Guam. By measuring the travel time of these sounds, it is anticipated that basin-
scale measurements of ocean temperatures can be obtained that will provide important empirical
information for studying global climate questions, particularly global warming due to the
greenhouse effect.

The proposed system takes advantage of an acoustic waveguide deep within the ocean that
carries sounds over very long distances. This waveguide, known as the "sound channel" or sound
frequency and ranging (SOFAR) channel, is centered on the ocean depth where the speed of sound
is at a minimum. Above the sound channel axis, sound travels faster because the water is warmer;
below, sound travels faster because the pressures are greater. Acoustic energy within the sound
channel that would otherwise spread to higher or lower depths is refracted (bent) back into the
sound channel by this difference in speeds. The net effect is that the sound channel serves as a
conduit that transmits sounds very efficiently over long distances. This effect also tends to limit
sounds that are trapped in the channel from being heard well at depths outside of the channel.

The depth of the sound channel depends upon the location of the sound speed minimum,
which varies in depth based upon the temperature profile at a given location. Since surface
temperatures tend to decrease toward the poles, the sound channel generally is deepest in tropical
waters and shallowest in Arctic waters. Typical depths of the sound channel in the Gulf of Alaska,
for example, are 100 to 200 m, but in warmer areas it is much deeper, on the order of 750 to 1000
m. On the north shore of Kauai, the sound channel axis is nominally at 800 m, which generally
corresponds to the depth at the proposed ATOC source location.

Previous experiments have shown the feasibility of measuring ocean temperature by
transmitting signals between sources and receivers separated by 1000-2000 km. ATOC is
designed to demonstrate that acoustic thermometry can be used to determine ocean climate
variability by extending the range to that needed to monitor ocean temperature over entire ocean
basins. The initial phase involves the development and installation of affordable acoustic
hardware, which would extend these ranges to include the entire North Pacific basin. To do so,
two low frequency sound sources are planned for the North Pacific, one north of Kauai and one
west of central California. Special hydrophone receiver arrays would be installed in the South
Pacific, near Rarotonga, and in the mid-Pacific, approximately half way between central California

1-8



MNRODUCTION, PURPOSE AND NEED FOR ACTION

and Rarotonga. In addition, existing U.S. Navy seabed receivers in the North Pacific would be
used, thereby increasing the network of receiving sites in the most cost-effective way. Special
receiving equipment installed at the U.S. Navy facilities would allow the existing Navy receivers
to detect and record the coded sound transmissions. The proposed fixed network of sources and
receivers around the Pacific Ocean is illustrated in Figure 1.1.3-1. The network would be
complemented by up to ten driftng receivers that would be deployed along selected transmission
paths under the Global Acoustic Mapping of Ocean Temperature (GAMOT) program. Together
ATOC and GAMOT comprise the Strategic Environmental Research and Development Program's
(SERDP) Acoustic Monitoring of Global Ocean Climate Program.

The sounds to be produced by the acoustic sources are digitally coded, low frequency
signals comparable to the lowest notes of a cello. The same digital sequences are repeated a
number of times and then combined at the receiving end. The receiving stations would use
advanced digital processing techniques, similar to those used in retrieving data from deep space
probes, to detect the source signals after they have traveled over long distances. These techniques
allow a signal to be detected below the ambient background noise, thereby permitting use of a
lower volume at the sound source.

The primary objectives of the proposed MMRP are listed below in section 1.2. The
research project plans to use two acoustic sources each located at a depth of approximately 850 m.
Acoustic signals would be transmitted at 75 Hz center frequency (Figure 1. 1.3-2), which is near the
middle of the spectrum of deep ocean ambient shipping noise, and has a nominal bandwidth of 35
Hz. Peak power output of the source at 75 Hz will be 180 dB; total power, integrated across the
entire 35 Hz bandwidth will be 195 dB, which is equivalent to 260 watts. Table 1.1.3-1 shows
how the source sound level compares with other natural and human-made oceanic noises.

1.1.4 FUNDAMENTALS OF SUBSEA SOUND MEASUREMENTS

An understanding of the conventions of sound measurements is important for evaluating
the various decibel values presented in this EIS. This subsection summarizes the factors most
directly pertinent to the analysis in this document.

The decibel scale used for sound measurements is a logarithmic scale of acoustic pressure.
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 -- 20 dB is a 100-fold increase, 30 dB is a 1000-fold increase. A 60 dB
difference therefore represents a million-fold power difference.

Comparing decibel values for various noise sources must be done carefully, since those
values do not always represent equivalent information. It is particularly important to distinguish
"spectral" from "broadband" measurements, and to distinguish "water standard" from "air
standard" values.

Spectral values represent the power levels within one Hertz (cycle per second) "slices" of
an acoustic frequency spectrum; Figure 1.1.3-2 is an example of such a measurement, showing the
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1./la. Rarotonga (Autonomous) 5. Pt. Sur (N)
oNavy (notional locations) 2. Guam (N) 6-9. East Pac (N)

3. West Pac (Autonomous) 10-12. North Pac (N)
4. Pioneer Seamount

Figure 1.1.3-1 ATOC baseline network
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power levels within each one Hertz portion of the ATOC transmission spectrum. Broadband levels
are the total power over a specified bandwidth or portion of the spectrum emitted by a sound
source; in Figure 1.1.3-2, for example, the broadband power level would be equivalent to the total
area under the spectral curve. This is the reason why the ATOC source has a peak spectral value of
approximately 180 dB, and a total power level of 195 dB.

Comparing sound levels in air and water must also be done carefully. First, due to
convention, the reference pressure values are different by 26 dB. Second, due to the relative
impedance of air and water (the stiffniess or density of the medium), a roughly 3550 times greater
power level (35.5 dB) is necessary in air than in water to produce an equivalent pressure level.
Combining these two fictors, a 61.5 dB difference or correction factor between the two scales is
required - a conversion factor that produces equivalent acoustic intensity values. This is why the
260 watt ATOC source produces 195 dB water-standard sound levels, while a 260 watt acoustic
source in air would produce only a 133.5 dB air-standard sound level. Because of these
complications, the National Academy of Sciences, National Research Council has noted that
"great care must be taken in comparing sound levels in air with sound levels in water." (National
Research Council, 1994). Given this potential for confusion this EIS generally avoids cross-
media comparisons between air and water. All sound values presented in this EIS are water-
standard values unless otherwise specified. Also, unless otherwise stated, all references are
broad-spectrum values (20-1000 Hz) standardized at 1 micropascal at I m (1 gPa @ I m).

1.1.5 SUMMARY OF PREVIOUS OCEAN CLIMATE RESEARCH-DIRECT
TEMPERATURE MEASUREMENTS; THE HEARD ISLAND FEASIBILITY
TEST

In the past, measurements of ocean temperatures have been taken throughi direct readings
from thermometers lowered from research and other vessels. Oceanographic research ships are
used to sample the vertical temperature structure of the ocean, along "sections" across ocean
basins. These sections each take many weeks to complete, and are rarely repeated. An exception
is the 24*N (latitude) section across the Atlantic, which was first sampled in 1957. Sampling has
been repeated twice in thirty-five years, and the changes in deep ocean temperature with time
along that section are shown in Figure 1.1.5-1. An analysis of the data from these repeated
samples reveals that there is some evidence of warming at depth, on the order of 0.007°C/year.
This warming is similar to some modeled estimates of greenhouse-induced warming in the ocean.
However, this 24°N section is virtually unique in modem oceanographic history -- ver- few
repeated measurements like this exist, as they are very costly and tedious to repeat. Also, one or
two isolated repeat sections are not enough to demonstrate whether the oceans are warming or
cooling, overall.

Lowering temperature sensors from slowly moving ships is an inefficient and unreliable
way of monitoring large-scale ocean temperature variability. Before large-scale measurements
can be completed, the ocean changes, and measurements at each point are "contaminated" by
small-scale ocean variability. Acoustic techniques rapidly and directly provide the large-scale
averages that are required for global climate modeling purposes. The Acoustic Thermometry of
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Ocean Climate project would allow the measurement of average ocean temperatures along tens of
sections, many times each year.

Previous experiments provide the framework for the MMRP and acoustic thermometry
efforts. One of these experiments was a ten-day exploratory feasibility test conducted in 1991 near
Heard Island, a remote site in the southern Indian Ocean. Low frequency acoustic signals were
transmitted from underwater acoustic sources suspended from a research ship. Nine nations
manned 14 receiver stations, spanning the world's oceans. This experiment sent coded, low
frequency, acoustic signals through the deep sound channel to receivers as far away as Bermuda
and the California coast, 18,000 km away. The Heard Island Feasibility Test (HIFT)
demonstrated the feasibility of using coded low frequency sound signals over long distances to
measure average ocean temperature. However, HIFT was limited to a duration of just a few days
and employed a non-stationary sound source, so long-term climate variability could not be
characterized.

A warming in the deep sound channel on the order of 0.05°C per decade (which is the
order of magnitude that climate models predict) would cause a decrease in the signal travel time
of 1.5 sec per decade for a 10,000 km transmission path. It is expected that the ATOC system
would be able to resolve changes of travel time on the order of 0.0 1-0.1 sec, therefore offering the
potential for resolving the emerging patterns of global-scale temperature changes in the oceans.

In addition to seeking evidence of global-scale ocean wanring as a result of the
greenhouse effect, ATOC has the potential to detect relatively short-term events such as El Nifio,
which can change regional ocean temperatures by up to several degrees Celsius; changes of this
magnitude are comparable to increases predicted from global warming over periods as long as a
century. Also measurable will be the large-scale variability of ocean temperatures due to ocean
currents. Some of these natural variations, known as mesoscale variability, are relatively small in
scale (100 kin). By acoustically measuring average temperatures across distances extending to
5000 km or more, over extended time periods, short-term regional and mesoscale variations
would be averaged out, and the predicted global ocean climate warming "signal" would be
detectable. Even before global climate change is evident in the data, ATOC would be able to
contribute valuable sea-truth data to the climate-research modeling community, to improve their
predictive capability. ATOC would be one component of the available techniques used for
menasuring thermal variability (see Section 2.2 for discussions of the other techniques).

1.1.6 DESCRIPTION OF THE PROPOSED KAUAI FACILITIES

The proposed Kauai facilities consist of a sound source, comparable in size to a large
water heater, connected to shore by a power cable. The unit is designed for easy retrieval and is
planned to be removed at the completion of the experiment.

* AcoutcSou.rc: Produced by Alliant Techsystems, the ceramic bender-bar acoustic
source is roughly 2.1 m high by 0.9 m in diameter (comparable in size to a large water heater) and
weighs 2268 kg. It is contained in a 3.7 m high, galvanized steel tripod frame, illustrated in
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Figure 1.1.6-1. Total weight of this unit in air is 5443 kg; in water its weight will be about 4536
kg. The source is isolated from the frame with shock mounts. There are 3 nitrogen gas bottles for
pressure compensation, to equalize the internal pressure with the external pressure of the deep
ocean. The connector from the sea cable mates with a transmit/receive network which connects
either the source or its integral receiver to the sea cable. The source-mounted receiver package
has a tilt sensor, temperature and pressure sensors, and 4 hydrophones, all collectively termed the
receiver. The hydrophones are on a 100 m line with a phone spacing of 33 m. For deployment,
the hydrophone array will be coiled in a plastic container. After 3 days, corrosive links will part
and a 60 cm (24 in) syntactic foam float will pull the array up. The tilt sensor on the tripod will
transmit its signal acoustically (frequency proportional to tilt), as well as via the source cable. All
pressure cases are plated mild steel with double o-ring seals. All exposed electrical cables are
protected by encasement within either a protective steel pipe or a rubber hose.

The sound source is a prototype developed for this project. All components have a design
life in excess of 10 yrs with a minimum guaranteed design life specification of 3 yrs. Following
the initial demonstration experiment, the source can be recovered from the seabed.

The acoustic signal has been designed as a digitally coded sequence optimized for
decoding at the distant receivers. It is not a pure 75 Hz tone; rather, it is a rapidly phase-switched
sound within the nominal 57.5-92.5 Hz band. The acoustic source is a resonant source, which
means that it works most efficiently in a narrow frequency band. As a result, the source cannot
serve as a "loudspeaker" to broadcast broad spectrum sounds (e.g., tapes of whale calls).

Source Site: The proposed source site is 14.7 km (8 nm) north of Haena Pt., which is
approximately 6 km west of Hanalei Bay, Kauai (Figure 1.1.6-2) at 22021.0' N, 159 034.2'-W.
Placement of the sound source would be at a depth of approximately 850 m. At this location, the
bottom slope is about 9*.

- Source Sea Cable: The source power/monitoring cable is approximately 51.5 km long
(27.8 rim). It is a type SD List 1 (nominally 2.5 cm diameter), coaxial, twin conductor, insulated
cable, which would connect the source to an existing cable interface 1.3 km (0.7 nm) offshore at
Barking Sands. The cable route was selected based upon side-scan sonar bathymetric surveys
conducted in March and May of 1993 by Seafloor Surveys International, Inc. (SSI) of Kailua,
Hawaii. Survey results are described in the Final Survey Report for Kauai Acoustic Thermometry
of Ocean Climate Site, SSI 1993.

The route identified runs around the north and northwest side of Kauai (Figure 1.1.6-3) at
depths ranging from 24 m to 850 m depth, but generally at about 70 m to 90 m depth. The route
was established so as to run the cable along a flat path avoiding cable suspensions and rough
surfaces, like coral. From the point of connection offshore from Barking Sands, the cable route
moves into deeper water, passing along sandy surge channels which transect the outer reef. The
cable was laid on the seafloor, with no alteration of existing contours.
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Figure 1.1.6-2 Proposed Kauai source site
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The source has not yet been installed. The procedure for deploying the source would be
first to recover the cable end, attach it to the source on deck, reposition the ship, then lower the
source and cable to the seabed. Its final position would be precisely determined using an array of
four acoustic transponders, which would be recovered via an acoustic signal after the source's
final position has been determined.

- Subsea Listening System: The MMRP would use the source-mounted VLA to collect
acoustic data in the vicinityof the source site, potentially out to a range of 20-40 km. Data
collected from this array would enable the MMRP to apply passive acoustic array techniques to
detect and record vocalizing whales (songs) primarily; although some capability would exist for
detecting dolphin calls. This acoustic listening system would operate on a continuous basis, 24
hrs a day, even when visibility conditions are unsuitable for visual surveys (due to fog, high seas,
darkness, etc.). See Appendix C for more details of the research protocol involved with this
system and an associated statistical power analysis.

Over the course of one to two field seasons, the array should help provide data to help
determine any potential effect the source may have on whales that vocalize, particularly those
great whales that are suspected to rely on low frequency acoustics for communication.

1.1.7 ACOUSTIC ENGINEERING TEST (AET)

An Acoustic Engineering Test (AET) of one of the project sound sources was conducted at
a remote location, 550 km southwest of San Diego, 3400 km northeast of Hawaii, from November
16 to 27, 1994. The AET was carried out pursuant to an EA and finding of no significant impact
adopted by ARPA. Following incorporation of mitigation measures suggested by NMFS into the
research protocols for the test, NMFS had no objections to ARPA's fuiding of no significant
impact. Revisions of the research protocols were designed to ensure that there would be no taking
of marine mammals.

The source was suspended at 650 m depth beneath the Scripps Research Platform "FLIP."
Fifty-seven 20 minute transmissions were made during the 7 days on site. Specific test guidelines
included the cessation of transmissions if any marine mammal was detected within 15 km of the
source during a transmission or cancellation of a scheduled transmission if any marine mammal
was detected within 15 km of the source pnior to a transmission. Three scheduled transmissions
were canceled due to the presence of a dolphin within a 10 L-n radius prior to the onset of the
signal. Of those marine mammal detections. two were acoustic (i.e., the dolphin was heard by
underwater hydrophones, but not seen) and one was visual. Only one other marine mammal was
detected, a blue whale, which vocalized for a short period between scheduled transmissions, but
left the area well before the onset of the next scheduled transmission.

Although not a phase of or, prerequisite for, the proposed acoustic thermometry project,
the AET served to test the performance of the computer-generated phase-coded waveform, or
signal, which was "tuned" to result in the optimum output signal from the source during this short
test. The source operated at sound pressure levels of 175-195 dB, transmitting acoustic signals to
existing Navy-owned receivers off Adak, Alaska, and Centerville, Pt. Sur, and San Nicolas Island
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California. After careful processing, receptions off New Zealand were detected from a drifting
deep hydrophone that was deployed specially for the AET.

Two ATOC vertical line arrays (VLAs) were also deployed for the AET: one 80 km from
the source and the other approximately 3400 km away, off Hawaii. Receptions from the VLAs
will be used to examine the effects of internal waves on the transmissions.

1.1.8 LONG-TERM ATOC PROGRAM PLANS

During the scoping process for this EIS, several commenters requested that the document
be prepared as a programmatic EIS for a complete long-term global monitoring system.
However, at this time, the Acoustic Thermometry of Ocean Climate project is experimental and is
subject to fundamental uncertainties about the extent to which acoustic means can detect ocean
climate changes. Without the analysis of experimental. results from ATOC's near-term program.
the details of any long-term network are too speculative to allow meaningful analysis.

The proposed project described herein should serve as the foundation for designing a
system to measure long-term global ocean climate change trends. It should be long enough to
assess any potential short-term impacts on marine animals, particularly marine mammals and sea
turtles, demonstrate the source technology, and evaluate localized and mesoscale ocean
temperature variability. This initial phase should demonstrate that it is possible to construct and
operate an affordable international network capable of detecting and characterizing ocean climate
change. In this sense, the ATOC project described in this EIS is a demonstration experiment for a
possible long-term program and is a foundation and resource for long-term marine animal
research.

There are several key uncertainties that make the design of a long-term system impossible
without knowing the results of the proposed project. Obstacles to the evolution to a long-term,
global network include the following issues which must be resolved:

* Signal stability (coherence) - Can the signals be decoded at the receivers with the full
predicted processing gain and time resolution and, if so, over which ocean paths?

Internal wave field limits - Do the ocean's ambient internal waves limit signal stabilitY
at long ranges, and if so at what ranges, and what is their relationship to the frecuencv
band of the signal?

"* Acoustic propagation limits - What limits does the incoherent energy (noise) among
deep ocean acoustic paths (modes) have on signal power levels -- that is, over what
paths can signals be sent at less than 195 dB levels?

". Ocean boundary scattering - What deleterious effects to sound reflections/
propagation do the ocean bottom and surface have in the vicinity of the source sites?

"* Sound intensity related disturbance of marine animals - To what extent do local sound
fields of the 260 watt source disturb or affect the habitats and critical behaviors of
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nearby marine animals? Are habitats being denied and, if so, over what areas of the
ocean?

This initial experimental ATOC effort should furnish the information to help answer these
questions which, in turn, would help verify and validate climate models and determine the design
of an optimal global source and receiver network needed for a long-term program.

In summary, the data necessary to support a programmatic EIS do not exist at this time,
and without these data no basis exists for the proposal/approval of a long-term program. It is not
possible to predict the features of a long-term research program at a level of detail necessary to
support a programmatic EIS. If additional long-term research is proposed, beyond that included
in the current project, the additional research activities would be subject to appropriate
environmental review and applicable permitting processes.

1.2. OBJECTIVES OF THE PROGRAM

A statement of project objectives serves as the basis for the screening and evaluation of
alternatives and discussion of mitigation measures. This subsection summarizes the objectives of
both the MMRP and the ATOC feasibility effort.

1.2.1 MARINE MAMMAL RESEARCH PROGRAM OBJECTIVES:

" Assess the potential effects of ATOC sound transmissions on the relative distribution
and abundance of marine animals (particularly marine mammals and sea turtles)
within the 120 dB sound field (modeled at 100 m depth), so as to minimize
uncertainties associated with determination of the significance of any effects.

"* Obtain information to help evaluate what effects the ATOC sound transmissions
could potentially have on the relative distribution, abundance and diving behavior of
marine mammals and sea turtles.

"* Identify mitigation measures to avoid the potential disruption of behavioral patterns of
local marine animals, particularly marine mammals and sea turtles.

" Assess the level of any responses of indicator species to ATOC sound signals,
particularly whether any marine mammal or sea turtle demonstrates an acute or short-
term response (Table C-1) to low frequency sound transmissions with the ATOC
source characteristics.

1.2.2 ACOUSTIC THERMOMETRY PROGRAM OBJECTIVES:

Observe the ocean on the large space scales (3000 to 10,000 kin) that characterize
climate so that modelers will be able to 1) test their models against the average ocean
temperature changes seen by ATOC over a few years, and 2) if, and when, the models
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prove adequate, use those same observations to "initialize" the models to make
meaningful predictions.

- Develop and demonstrate the equipment necessary to undertake acoustic thermometry
experiments, in particular, reliable low frequency sound sources.

* Prove the concept of using acoustic thermometry to measure ocean climate variability
for global applications by establishing multiple acoustic pathways in the North Pacific.

* Obtain early baseline data on transmission times in Pacific pathways to compare with
data that may be obtained in a follow-on global program, if such a program is approved.

0 Determine the minimum source level and duty cycle necessary for obtaining valid
climatic data.

* Characterize oceanographic factors that could affect the global climate "signal," such as
tidal cycles, internal wave fields, and mesoscale variations, and determine the
constraints they impose on the design of a future (conceptual) ocean monitoring system.

0 Utilize existing U.S. Navy seafloor hydrophones to the maximum extent feasible to
increase the number of acoustic pathways and, hence, the quantity of data at a
relatively small cost.

1.3 PURPOSES OF THIS DOCUMENT

This EIS is intended to serve several purposes. Most immediately, it will support the
consideration by NMFS of a scientific research permit for the MMRP. The EIS is also intended
to provide the information necessary for other regulatory approvals of the proposed action,
including, but not limited to, consultation under Section 7 of the Endangered Species Act,
consideration of state permits, and other regulatory requirements. A listing of federal and state
agency approvals for which this EIS will be used is shown in Table 1.3-1.

AGENCY ACTION
National Marine Fisheries Service MMPA/ESA Scientific Research Permit

Federal ESA Section 7 Consultation
U.S. Army Corps of Engineers Nationwide Permits
Hawaii Department of Land and Natural Conservation District Use Permit
Resources
Hawaii Office of State Planning Hawaii Coastal Zone Management Program

Consistency Certification
ARPA Decision to Proceed

Table 1.3-1 Federal and state agency approvals for which this EIS will be used.
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1.3.1 MARINE MAMMAL PROTECTION ACT/ENDANGERED SPECIES ACT
RESEARCH PERMIT

Scripps currently has pending before NMFS an application for a scientific research permit
to conduct marine mammal and sea turtle research using the ATOC source. The decision to be
made by NMFS is directly connected to the scope of the actions, the alternatives, and potential
effects, which are detailed in this EIS. The following comprise the decision options for NMFS:

To approve the application as submitted (without modifications)

To approve the application with modifications such as specific management
constraints and/or mitigation measures

• To deny the application (No Action)

1.3.2 CONSERVATION DISTRICT USE PERMIT

Scripps' application for a Conservation District Use Permit is pending before DLNR. The
scope of DLNR review and the applicable criteria are discussed in Section 5.2.2. DLNR will hold
a public hearing on the proposal and consider written and oral comments from state, federal, and
local agencies, as well as other interested persons. The following comprise the decision options for
DLNR:

• To approve the application as submitted (without modifications)

To approve the application with modifications such as-specific management
constraints and/or mitigation measures

To deny the application

1.3.3 PROJECT FUNDING BY SERDP

The ATOC program is funded by the Strategic Environmental Research and Development
Program (SERDP), which was established by Conaress, who directed the Department of Defense
(DoD) to expend a portion of its budget on environmentally-related issues. The goal of SERDP is
to use some of the resources from the downsizing of the defense establishment to address
environmental problems. The impetus has been to convert some of the assets of the DoD for dual,
or non-military, uses. In the case of ATOC, these funds ($35M) are being administered through
the Advanced Research Projects Agency (ARPA), the central research arm of DoD.

1.3.4 OTHER PERMITTING REQUIREMENTS

As discussed in Section 5, a number of additional regulatory reviews apply to the MMRP
and Acoustic Thermometry of Ocean Climate project. These include the Hawaii Office of State
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Planning's Coastal Zone Management Program's federal consistency review and the U.S. Army
Corps of Engineers' nationwide permits. This EIS is intended to support these reviews as well.

1.4 SCOPING SUMMffARY

The following discussion summarizrs the NEPA and Chapter 343, Hawaii Revised Statutes
(HRS) Hawaii Environmental Policy Act (HEPA) process to date, future activities under NEPA
and HEPA, issues identified during the scoping process, alternatives identified during scoping, and
major issues to be evaluated in this EIS. (Refer to Appendix D.)

1.4.1 NEPA REVIEW PROCESS

ARPA and NMFS are the joint-federal lead agencies for the purposes of this EIS. The
environmental review process conducted under NEPA for the proposed project was initiated by the
issuance of a Notice of Intent (NOI) to prepare an EIS on April 8, 1994 and published in the
Federal Register on April 15, 1994.

SIn addition to the written scoping comments received by ARPA and NvFS, two public
scoping hearings were held on April 15, 1994 and April 16, 1994, respectively, in Honolulu and
Kauai, to solicit public comment on the range of issues to be addressed in the federal
environmental review process. Public hearings soliciting public comments on the Draft EIS were
also held on February 9, 1995 and February 10, 1995 in Kauai and Honolulu, respectively.

A 60-day Draft EIS review and comment period followed the filing of the Draft EIS with
the Environmental Protection Agency (EPA). Following this review and comment period, ARPA
and NMFS considered and responded to comments received and have prepared this Final EIS. In
response to several requests by the public for an opportunity for additional participation in the EIS
review and approval process, comments from the public are being solicited during the 30-day
period ending June 26, 1995, following official publication of the Final EIS via the Federal
Register.

1.4.2 HEPA REVIEW PROCESS

Upon consultation with the State DLNR and the Office of Conservation and
Environmental Affairs' review of the conservation district use permit application, a determination
was made that 1) The proposed use is a conditional use within the Resource subzone of the
Conservation District according to Administrative Rules, Title 13, Chapter 2, a amended; 2) A
public hearing pursuant to Section 183-41, Hawaii Revised Statutes (HRS), as amended, will be
required in that the proposed use is of sufficient public interest; and 3) In conformance with Title
11, Chapter 200, of the Administrative Rules, and Hawaii Revised Statutes, Chapter 343, the
Department has determined that an Environmental Impact Statement is required for the proposed
action.

A joint EIS, which complies with both NEPA and HEPA requirements, is drafted for this
purpose. DLNR is the State's accepting agency for the purposes of this EIS. The environmental
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review process conducted under Chapter 343, HRS was initiated by an EIS Preparation Notice
published in the Office of Environmental Quality Control (OEQC) bulletin on October 8, 1994.
A 30 day public comment period followed and closed at the end of business on November 7,
1994. All comments received within the 30 day public comment period have been considered
and are incorporated into this EIS as Appendix F.

Following issuance of the Draft EIS, a 45-day public comment period was provided after
which the Final EIS was prepared. No distinction was drawn between comments submitted
under NEPA and comments submitted under HEPA. As with the Draft EIS, this Final EIS is a
joint document fulfilling the requirements of both NEPA and HEPA.

1.4.3 ISSUES IDENTIFIED DURING SCOPING.

The scoping process resulted in requests that several environmental issues be analyzed in
the EIS. All potentially significant issues have been evaluated in this EIS. A chronology of
scoping activities associated with the preparation of this EIS is presented in Appendix D. A
summary of significant issues identified during scoping follows:

- Scope of ProJect Analyzed: A variety of comments were received on the necessary scope
of the project to be evaluated. Several commenters requested that this EIS not be restricted to the
MMRP alone, but that it also evaluate the acoustic thermometry project. The project scope to be
evaluated in this EIS encompasses the MMRP Pilot Study and the continuing MMRP in
conjunction with the follow-on ATOC feasibility experiment.

Other commenters requested that a single EIS be prepared for the Kauai and California
projects. A number of distinct differences between these program elements would make this type
of combined analysis awkward. First, the number and genera of marine life in each site is greatly
different. Second, the opportunities (and therefore information value) for marine mammal research
(particularly boat and visual observations) are significantly different. Third, both the California
and the Hawaii documents will be joint federal/state documents. All these factors, plus differing
state requirements, militate against development of a single EIS for the two sites. Nevertheless, in
an attempt to respond to this request, both the Kauai and California environmental documents are
being processed on similar schedules. Those commenters interested in the California project
should review and comment on the EIS for that project. In order to provide for a combined review,
and even though public review schedules will not be precisely concurrent, the Final Environmental
Impact Statement/Environmental Impact Report (EIS/EIR) for the California project is
incorporated by reference into this Final EIS for the Kauai project.

A few commenters also requested that a single programmatic EIS be prepared on both the
short-term and future long-term acoustic thermometry programs. However, any long-term ATOC
program is highly speculative at this time, and cannot reasonably or feasibly be evaluated now in a
programmatic EIS (see Section 1.1.7). Any future acoustic thermometry research efforts will be
subject to applicable permitting and environmental review processes.
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Alternatives be Consid : During the scoping process, a number of alternatives to
the proposed action were suggested and evaluated. Commenters requested that the alternatives
analysis include alternate source sites, alternative technologies for measuring global climate
change, and alternative protocols for operation of the project source. The range of alternatives
considered in Section 2 responds to this request.

- Biolo* ial Reources Nearly all commenters requested that all biological resources that
may be affected be evaluated, focusing on marine mammals, but also assessing impacts on sea
turtles, seabirds, fish, and invertebrates. The overall organization and principal focus of this EIS
responds to this scoping comment

SScientific Unceainty: Many commenters highlighted the scientific uncertainty that
surrounds the general question of marine mammal response to low frequency noise. The MMRP
has been designed to address this uncertainty for purposes of determining whether the program
could cause adverse impacts on marine animals, and this EIS presents the current state of scientific
knowledge regarding those impacts.

S, Justification for the MMRP: A number of scientists and other interested individuals and
organizations requested that the EIS present the rationale, procedures, protocol, and anticipated
results of the MMRP, focusing on the degree to which the MMRP is appropriately designed to
determine whether adverse impacts to biological resources will result from source transmissions.
This EIS responds to this request as a principal task.

* Source Suspension Guidelines: Several commenters requested that the EIS articulate a
standard of harm that will guide whether source transmissions continue. They also requested that
the EIS identify who will implement the standard and make decisions whether to proceed with
transmissions. The MIvIRP Research Protocol included in Appendix C, and discussions elsewhere
in this EIS, respond to this request.

* Effects on Tourism and Fishing: Many local commenters were concerned that adverse
impacts on biological resources could have an indirect impact on tourism and fishing. These
potential impacts are addressed in Section 4.

- Consistency with Humpback Whale National Marine Sanctua and Land Use Plans.
Policies and Requirements: A few commenters requested that the EIS discuss the consistency of
the project in Hawaii with the Hawaiian Islands Humpback Whale National Marine Sanctuary
Management Plan. Several commenters requested that the EIS evaluate the consistency of the
project with land use plans, policies, and requirements. These issues are addressed in Section 5.
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2 ALTERNATIVES INCLUDING THE PROPOSED ACTION

2.1 INTRODUCTION

This section describes a range of alternatives to the proposed project and briefly
s r the environmental consequences of the alternatives. Both primary and secondary
alternatives are considered. Secondary alternatives are those alternatives to the proposed action
that would accomplish the action in another manner, such as through using a different technology.
From the perspective of the acoustic thermometry element of the project, secondary alternatives
include such technologies as moored autonomous sound sources, or direct measurements of ocean
temperatures with conventional thermometers. Primary alternatives generally are considered to
be variations of the proposed action, such as the installation of project facilities at alternative
sites, and/or variations of the proposal through implementation of one or more mitigation
measures.

Twelve alternatives, representing a range of options, are described, including the
proposed action and the "no action" alternative. This section describes the twelve alternatives
(including three alternate project sites) that were considered. The descriptions focus on the
effectiveness of each alternative and its potential to meet the project objectives described in
Section 1. Based on this analysis, four alternatives are selected for further study. Evaluation of
these four alternatives against the project criteria are included at the end of this section (Tables
2.4-1). Potential environmental impacts of these four alternatives are described and compared
in Section 4.

2.2 ALTERNATIVES CONSIDERED AND RATIONALE

The alternatives considered in this section include: 1) the proposed action (Kauai source
site), 2) no action, 3) alternate project sites (three such sites are screened, including Midway
Island, Johnston Atoll, and Adak Island, Alaska) (Figure 2.2-1), 4) moored autonomous sources,
5) restricted source transmission times, 6) modified source operational characteristics, 7) global
climate models, 8) satellite sensors for sea surface temperature measurements, 9) satellite
sensors for sea level measurements, 10) oceanographic point sensors (measurements using
conventional thermometers), 11) autonomous polar hydrophones and 12) separating the MMRP
and ATOC experimental sites using mobile sound sources.

Of the twelve alternatives considered, the proposed action, no action, one alternate site
(Johnston Atoll), and moored autonomous sources have been selected for detailed consideration
in Sections 3 and 4.

With the exception of Global Climate Modeling which is an integral part of the ATOC
program, qualitative comparison of ATOC with other oceanic temperature measuring efforts,
(e.g., Autonomous Lagrangian Circulation Explorer/Profiling Autonomous Lagrangian
Circulation Explorer [ALACE/PALACE]) (see Section 2.2.10) is limited by differing objectives
and products and are not directly comparable.
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2.2.1 PROPOSED ACTION AND MITIGATION MEASURES (ALTERNATIVE 1)

This subsection describes the proposed action by Scripps, as stated in the Scientific
Research Permit (SRP) application, and compares it to other suggested alternatives.

Section 1 of this EIS generally describes the overall program, the physical facilities, and
the MMRP. The description of the proposed action here does not repeat this information, but
instead incorporates and relies on the discussion in Section 1. The presentation here focuses on
operational protocols for the proposed acoustic source and the resulting sound fields in the
ocean. These protocols and sound fields are the principal features of the project that pertain to
issues of environmental concern.

2.2.1.1 Proposed Action

The proposed action would involve the installation and operation of a low-frequency
sound source 14.7 km (8 nm) north of Haena Point, Kaual. Originally, it was proposed that the
source be operated six times every day for twenty minutes over a two-year period. Each source
transmission would begin with a five-minute "ramp up," a slow increase in the sound volume, to
the full 260 watt, or 195 dB source level. Marine mammal research would have occurred against
the backdrop of this operational protocol.

In response to comments received during the scoping process, the proposed research
protocol has been revised to now include an initial Pilot Study, involving operation of the source
at a variety of levels and duty cycles, to allow more rigorous examination of the potential effects
of the source on marine animals. Specifically, the following features are included:

W ATOC feasibility operations would not commence until after a Marine Mammal
Research Program Pilot Study has been performed and reported on by marine
biologists (approximately 180 days).

"* The source operational protocol would include a variety of levels and duty cycles
(source levels ranging from 185-195 dB, duty cycles ranging from 0-8%), offering
experienced marine animal observers the opportunity to recognize any acute or short-
term effects on marine animals (particularly marine mammals and sea turtles) (Table
C-1), as well as any disruption in behavioral patterns.

" Marine animal habitat utilization observations would be conducted from the air (visual
observations and surveys), from the shore (cliff-side visual observation sites), and
from underwater (bottom-mounted hydrophone array passive acoustic monitoring).

"* Acoustic surveys would be carried out from a boat, with calibrated hydrophones to
record signal levels at various ranges in a systematic pattern around the source.
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Acoustic observations would include the area within the 200 m depth contour in the
nearshore region between the source and the island, and also within the designated
Hawaiian Islands Humpback Whale National Marine Sanctuary at Kilauea Point.

SAcoustic sampling would allow for comparative sound level measurements of existing
noise-producing sources (whale-watching vessels, recreational power boats,
pleasurecraft, low flying aircraft, etc.).

* Source operations would be suspended at any time that an acute or short-term effect
(as described in Table C- 1) is observed in association with the operation of the source.
The protocols for suspending operations are described more fully in Appendix C.

* Field observational data would be processed and analyzed periodically during the
MMRP Pilot Study and reported to all concerned (see Appendix C).

After completion of the MMRP Pilot Study, a report of the preliminary results would
be reviewed by ARPA, NMFS, the MMRP Advisory Board, the Marine Mammal
Commission (MMC), The Marine Mammal Center (TMMC), and the proposed Kauai
Community Advisory Group. It would be the goal of the project to complete this
preliminary review within one month after the completion of the Pilot Study. Note:
The MIVIRP Advisory Board is an independent panel of scientists, marine biologists,
and marine mammal specialists assembled to provide advice and guidance to the
MMRP. Its members include:

0 W. John Richardson (Chairman), LGL Ltd., Ontario, Canada.
* Wirlliam T. Ellison, Marine Acoustics, Inc., Newport,-I.
& Peter Tyack, WHOI, MA (Currently at Stanford University)
• Jeanette A. Thomas, Western Illinois University.
& Judy Zeh, University of Washington.
0 Doug DeMaster (Observer), NMML, Seattle, WA.
0 Robert Hofman (Observer), MMC, Washington, DC.
0 Scott Eckert (Observer), Hubbs Sea World Research Institute, San Diego,

CA.

"* Results of this review would be used as part of the process to determine the optimum
acoustic source parameters for acoustic thermometry feasibility operations.

"* MMRP surveys and observations would continue throughout any follow-on ATOC
operations, with data reviews and reports in accordance with SRP requirements (Table

Several mitigation measures have been included in the proposed action, and are presented
below (in italics). These have been developed generally to mitigate the potential for effects of
ATOC subsea sounds on marine animals.
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Mitigation Measure A-I: A dedicated MMRP Pilot Study will precede A TOC feasibility
operations as described in detail in Section 2.2. 1 and Appendix C.

Contingent upon findings of no acute or short-term impacts (Table C-I) to marine animals
during the MMRP Pilot Study, ATOC feasibility operations would be initiated. Transmissions
would be for 20 min every four hours, every fourth day, with each transmission preceded by a 5
min ramp-up period (2% duty cycle). Following issuance of the final MMRP Pilot Study Report;
i.e., about six months after the Pilot Study ends, approximately two months of transmissions at an
8% duty cycle (daily every four hours for 20 min) would be required to adequately sample the
ocean paths for the possible effects of ocean tides and other high frequency fluctuations. The 2%
duty cycle would be re-instituted following the 8% duty cycle tidal observations. Source levels
would also be reduced to the minimum necessary to provide sufficiently strong signals at the
receivers. The ability to reduce source power below the initial 195 dB source level (260 watts)
would depend upon the efficiency of the actual sound transmission paths, ambient noise levels,
and other factors, such as vertical mode structure relative to sound channel axis position, and
potential amplitude and phase coherence degradation due to oceanographic features, such as
internal waves.

Once ATOC feasibility operations commence, the MMRP protocol defined in the
Scientific Research Permit (SRP) application would be continued. That is, marine animals would
be observed throughout the study period to identify any significant adverse disruptions to their
behavior. The Kauai MMRP Research Team (MRT) would quantify possible effects by
comparing results obtained before the installation of the source, during periods when the source is
on, and during periods when the source is off.

The effects of the proposed sound source on marine animals (including sea turtles), anld
particularly humpback whales, would be monitored by passive underwater acoustic tracking,
shore-based visual observations, boat observations and aerial observations and surveys. In
addition, playback studies are planned for humpback whales. These tasks are part of an integrated
experimental approach designed to measure any effects of the low-frequency sound transmissions
on marine animal distribution, behavior, and sound production. A proposed timeline of fMRP
and ATOC climate research is summarized in Table 2.2.1.1 - 1. This is dependent upon a number
of assumed criteria, such as the date by which required permits are received and the periods when
species of interest are present in the study area. The schedule is therefore subject to change once
these criteria are known.

Sound Fields

The potential impacts of sounds from the source on marine animals depend upon three
factors: 1) the intensity of sounds at various subsurface locations, 2) the location of marine
animals in relation to those sounds, and 3) the sensitivity of those animals to the sounds to which
they would be exposed. The following discussion addresses the first of these factors-how loud is
the source at different locations? Section 4 analyzes the second and third factors--what animals
might be exposed to the source and how do those exposures compare to what is known about the
sensitivity of those animals to the signals produced?
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As discussed above, when it is operating at full intensity the source will produce
approximately 260 watts of acoustic power, resulting in a sound level of 195 dB at one meter
from the source. Few if any animals would be exposed to the source at this full intensity, since
they would need to be immediately adjacent to the source, approximately 850 m below the
surface, in order to receive a 195 dB sound level. In consideration of the potential impacts of this
sound source on marine animals, it is therefore necessary to estimate the received sound levels
(i.e., the sound levels at the marine animals actual location) based upon these source levels.

A number of models are available to predict sound levels at various distances from the
source. The simplest of these models calculate spherical and cylindrical spreading of the sound
field with distance. Spherical models are most appropriate in the three dimensional space
immediately surrounding the source. At ranges from the source greater than the source depth, a
two-dimensional cylindrical spreading equation is more applicable.

Spherical and cylindrical spreading models do not consider the possibility of attenuation
or reinforcement of signal propagation paths due to the effects of the transmission medium (sea
water) or surrounding features (the most significant of which are the sea bottom and the sea
surface). The sea bottom exerts a strong influence on sound, by absorbing and reflecting sound
energy, thereby decreasing or increasing the predicted received sound levels at a particular site
distant from the source. Parabolic equation models address these attenuating and enhancing
effects to produce a more realistic estimate of actual received levels. Parabolic equation model
results for the proposed Kauai ATOC source installation are depicted in Figures 2.2.1.2-1 and
2.2.1.2-2. Calculations of ranges of the sound fields around the source are depicted in Figures
2.2.1.2-3 and 2.2.1.2-4, using spherical spreading to 1000 m, then the parabolic equation model
results.

The original SRP application presented a number of theoretical "zones of influence"
(ZOI), which were based upon spherical and cylindrical spreading models, and which applied a
number of "worst-case" or "bounding" assumptions to predict a maximum potential impact on
marine animals. Due to the conservatism of the assumptions made in the ZOI analysis, and the
fact that their effects were added together, the ZOI analysis does not accurately state the potential
effect of the sound source on marine animals. Since this EIS is required to analyze anticipated
environmental impacts, and because the parabolic equation model provides the most accurate
estimates of received sound levels, Finite Element Parabolic Equation (FEPE) acoustic
performance prediction model values are used throughout this document.

The sound field contours included in the original SRP application are depicted in Figure
2.2.1.2-5 (sound field rings are depicted as: 5 km= 130dB, <500 m dive depth; 10 km 130dB,
<500 m dive depth; 25 km = 120 dB,.<500 m dive depth; 40 km = 130dB, < 500 m dive depth).
By comparing this with the revised sound field estimates (Figure 2.2.1.2-6), it can be seen that the
original sound field contours significantly overstated the area where received sound intensities
would exceed 120 dB, largely due to the fact that the sound field calculations did not account for
any attenuating factors other than distance. Figure 2.2.1.2-6 portrays parabolic equation model
calculations for 100 m depth. The sound field at 100 m represents sound levels most likely to be
encountered by the majority of marine animals near the source off Kauai. The 120 dB and 130
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dB sound fields are of smaller area at the 30 m and 500 m depths, and somewhat larger
(approximately 10%) at the 850 m depth level.

2.2.2 NO ACTION (ALTERNATIVE 2)

'Both NEPA and HEPA require that the proposed project be compared with a "No Action"
alternative. This alternative would consist of not conducting the ATOC study, nor the associated
MMRP. Under this alternative, no SRP would be issued by NMFS for the MMRP, the project
facilities would not be installed, and neither the MIvPRP nor ATOC feasibility operations could
commence. Results of an evaluation of this alternative are given in Table 2.4.1 at the end of this
section. The environmental consequences of the No Action Alternative are further analyzed in
Section 4.

Although the No Action Alternative would prevent any potential impacts from the ATOC
source on marine animals, it would also delay or preclude both marine mammal research and
ATOC feasibility efforts. Moreover, because this program offers the opportunity to collect
important scientific data on the effects of low frequency sound on marine animals from natural
and other human-related ocean activities, as well as ATOC (with safeguards built into the project
design - 23 mitigation measures (see Executive Summary] and source shut-down guidelines [see
Appendix C]), and global climate change, taking no action at this time is not the preferred
alternative.

2.2.3 ALTERNATE PROJECT SITE (ALTERNATIVE 3)

Under the Alternate Project Site alternative, the MIvIRP and acoustic thermometry projects
would be undertaken with the source located at a site other than the north shore of Kauai. To put
a reasonable bound on possible choices, this subsection first describes the process by which
alternative sites were selected for analysis in this EIS.

An initial task in screening alternative sites for the MMRP and ATOC feasibility phase
sources was the selection of an ocean basin and general source site areas that would best serve
project objectives. Five factors proved to be particularly important in this regard.

First, an area is needed with a relatively large number of existing subsea listening arrays,
in order to obtain the greatest number of acoustic pathways from each source, to sample the
greatest volume of ocean. Since the North Pacific and North Atlantic basins were heavily
instrumented during the cold war, and listening arrays in the southern hemisphere are much less
numerous, a northern hemisphere study area was preferable.

Second, in comparing the Atlantic and Pacific Oceans, it was determined that the mid-
Atlantic ridge, which acoustically tends to divide the North Atlantic basin, would complicate the
ATOC acoustic investigations and limit the ranges over which the acoustic thermometry concept
could be tested. A North Pacific study area was therefore preferred to avoid these problems.
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Third, the sound channel tends to be deeper at lower latitudes (nearer the Equator), and
deeper sound channel source locations are expected to enhance long distance propagation.
Deeper source locations also reduce the received sound levels for marine animals in the upper part
of the water column. This suggested use of lower latitude, temperate or tropical locations for the
sources. Since many of the receiving arrays are in Arctic/Sub-Arctic waters, the combination of
low latitude sources and high latitude receivers also results in the most efficient long distance
pathways.

Fourth, at least two source locations were necessary to provide a sufficient number of
acoustic pathways to cover the greatest ocean volume, preferably some of which would sample
overlapping areas. In order to avoid redundancy, provide the greatest number of distinct
pathways for each source and minimize the potential for traversing oceanic frontal systems (e.g.,
the Sub-Arctic front, where volumetric scattering and internal waves occur) and ocean mesoscale
gyres (e.g., the California Current), broad areas were evaluated in the western Pacific, mid-Pacific
and eastern Pacific for potential source sites.

Finally, since the ATOC project is led by investigators in the United States, source
locations in the western Pacific were considered less feasible due to the long distances from the
United States and the relative lack of United States possessions in that area. As a result, detailed
site selection focused on identifying one source location in the mid-Pacific and one in the eastern
Pacific. Site screening for source sites off the west coast of the United States is discussed in the
California EIS. The site screening for the mid-Pacific source location is discussed below.

2.2.3.1 Site Survey

In developing the project proposal, potential locations in the Pacific Ocean were
comprehensively surveyed. In the mid-Pacific, only a few locations are even feasible given the
sparseness of islands, the fact that many of those islands are uninhabited, and the remoteness of
many of those islands. These locations were initially assessed for their ability to provide long-
range acoustic path geometry's needed for the viable study of ocean basin-scale circulation
variability. This is a necessary step in understanding the sampling required to monitor ocean
climate variability. This constituted the first cut of the possible sites and narrowed the field down
to the four discussed below.

The following criteria were used to assess how well the alternate sites derived from the
five screening factors cited above would achieve the MMRP objectives:

"* Location at a site with sufficient populations of marine animal species of interest to
ensure that researchers can obtain adequate data to produce statistically meaningful
results.

"* Location where there are baseline estimates of marine animal populations,
preferably derived from calibrated field observation data.
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0 Location close enough to land to allow aerial surveys and observations from small
aircraft, small boat acoustic data collection, and, if possible, shore-based visual
observations.

0 Location within the vicinity of other noise sources that can be studied (particularly
ship/boat traffic), to allow researchers to compare the effects of various sources of
noise on marine animals. [This is an opportunistic criterion; a lack of confounding
human activities would facilitate MMRP research efforts. The fact that local noise
sources are inherently prevalent can, in this case, be turned to a scientific
advantage.]

0 Location where meteorological (weather) and oceanographic (wave, swell, current)
conditions are conducive to the conduct of at-sea measurement and data collection
operations.

The following criteria were used to identify potential source sites that would achieve the
acoustic thermometry feasibility objectives:

" Location at or near the deep sound channel axis, to provide the most efficient
coupling of sound energy into this long distance sound duct, thereby reducing
source power requirements (and nearby surface received levels).

" Location at a site with a clear acoustic "view" to existing and planned receiver
locations (islands between sources and receivers block acoustic paths), preferably
at a site that combines transmission pathways with large seasonal variations (e.g.,
to high latitude receivers) and pathways with small seasonial ,ariations (e.g., to
zonal or equatorial receivers).

" Location at a site that is locally flat (for secure placement), with a steep slope (180
optimum) in the direction of the receivers (to minimize bottom interactions with
the transmitted signal that cause acoustic reflections and signal distortions).

" Location at a site with bottom surface features and opportunities for cable
connections to shore that do not require extensive cable armoring or cable
trenching.

0 Location at a site with optimum bottom properties (sand sediment over basalt
basement is best for good bottom reflection characteristics), and minimum bottom
currents (to minimize deployment problems and the potential for source
displacement once on the bottom).

"* Location at a site that requires the minimum length of power cable to shore, to
minimize cable costs and voltage requirements (most cables are voltage-limited).
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"* Location close to logistic support facilities, shore-based power, and
communication nodes.

"* Location in an area that allows the use of existing source technologies.

"* Location in an area with minimal risk of damage due to bottom fishing.

"* Location in an area with low potential for environmental consequences.

Siting criteria that increase the efficiency of the source sound transmissions (location in
the sound channel, avoidance of adverse bottom conditions, etc.) permit use of a less intense
sound transmission which, in turn, reduces the exposure of marine animals to noise. Source
locations with views to a relatively large number of receiving locations permit the use of fewer
sources (2) for a given number of pathways (up to 15). Locations that are logistically convenient
reduce the energy use, vessel engine noise, air pollution and other effects of vessel trips to remote
sites, and reduce the direct physical impacts of source facility installation. MMRP-related siting
criteria are designed to increase the effectiveness of the research program, with corresponding
environmental benefits that result from increased knowledge about marine animals.

The possibility of deploying the source off of a ship (by suspending over the side) in a
remote area of the ocean was also studied initially. However, this potential alternative was
eliminated because it is essential that the source be sited on a stable platform to ensure
experimental accuracy and precision, and the long-term power and logistical requirements would
be prohibitive. This scheme would also make it almost impossible to conduct a valid marine
animal research program, since most such sites would be in locations where the logistics of long-
term marine animal observations would be extremely challenging.

From an acoustic standpoint, ideally, the source would be located at the depth of the sound
channel axis on a mooring in deep water far removed from sea bottom effects. However, this
approach presents a number of engineering difficulties, discussed below in connection with the
moored autonomous source alternative. The next best option would be to locate the source on the
peak of a seamount, with the top at the depth of the sound channel axis. Unfortunately, most
seamount configurations do not meet this criterion. and the tops of seamounts are not sharp peaks,
but usually rounded. Thus, it is difficul: to obtain a wide acoustic view. In addition, some
seamounts are associated with upwellinZ that couLd relate to abundances of organisms,

A wide horizontal field of acoustic view is important because it defines how large a
geographical area can be studied. Relatively steep slopes are required to obtain clean, downward-
transmitted energy. Bottom interaction with the transmitted signal path is undesirable for two
reasons: 1) useful energy for sampling different parts of the ocean is lost in the sediment, and 2)
bottom-interacting energy could contribute to signal distortion at the receivers. The goal is to site
the source so that upward-transmitted energy clears the bottom at its first lower refraction
(turning) point, and downward-transmitted energy paths are free from bottom interaction.
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Although the full range of potential mid- and north-Pacific source locations was evaluated
during the initial site screening process, only four of those sites were sufficiently promising to
receive detailed consideration. Specifically, applying the criteria described above, four potential
project sites were selected for more detailed analysis here:

* Kauai, Hawaii (proposed action)

* Midway Island

* Johnston Atoll

- Adak Island

Within each of these four general alternate locations, a specific site was identified as the
most promising for both marine mammal and ATOC purposes. Charts showing the ocean bottom
contours for the Midway, Johnston and Adak sites are presented in Figures 2.2.3.1-1 through
2.2.3.1-3. A chart showing the ocean bottom contours for the proposed Kauai location is
presented in Section 1, Figure 1.1.6-2.

Of the four potential source sites, Kauai proved to best meet the stated criteria, and the
Johnston Atoll site was second best. The Midway Island and Adak Island sites were eliminated
from detailed analysis as being unsuitable for both the marine mammal research and ATOC
feasibility components of the project The Kauai site is further analyzed as Alternative 1, and the
Johnston Atoll site is carried forward as Alternative 3.

The specific Kauai location was selected based on the following criteria: 1) good acoustic
views toward high latitude receivers, 2) 850 m source depth, and 3) greatest distance from shore
meeting these first two criteria. By locating the source further offshore, potential impacts on the
most abundant great whale in the area, the humpback, are minimized.

The following discussion evaluates each of these four alternative project sites in relation to

the MMRP and ATOC project siting criteria identified above.

2.2.3.2 Evaluation of MMRP Source Site Selection Criteria

Table 2.2.3.2-1 summarizes the MMRP source site selection criteria for all four potential
project sites and is discussed in more detail in the following paragraphs.

Kauai

One benefit of the north shore of Kauai site, with respect to the MMRP objectives, is the
wide range of marine animal species present in the region and, relative to the other potential
project sites, there are relatively good baseline data for a number of these species, particularly
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humpback whales. This would allow the MRT to observe these animals for any potential
behavior changes attributable to the sound transmissions, and to develop meaningful statistics
based on their observations.

Since the proposed site is only 14.7 km offshore, shore-based visual observations of the
area have proven very effective. Aerial surveys and observations from small planes, and acoustic
signal level measurements off small boats are easily accomplished from Kauai.

The Kauai site also has a number of other noise sources in the vicinity which can be
compared to the ATOC source for any impact on marine species. Although no major port is
located nearby, there are numerous opportunities to detect, classify, track and measure noise from
whale-watching boats, fishing boats, pleasurecraft, recreational power boats, and low-flying
aircraft.

Midway Island

Marine species are less abundant and less diverse at the Midway Island site. Therefore,
researchers would collect less data on which to base quantifiable statistical analyses. Humpback
whales rarely venture as far west as Midway, and the paucity of other species, compared with
Kauai, can be attributed to the fact that Kauai is close to the other major islands in the Hawaiian
archipelago, which have additional shallow water areas to support coral growth and marine
animal feeding grounds. Because Midway is the westernmost inhabited island in the
northwestern Hawaiian Islands, no coastal projects have been initiated of a scale large enough to
warrant any dedicated marine animal species baseline studies. The closest location off Midway
that would support a source from an acoustic and engineering standpoint is approximately 110 km
offshore, eliminating the potential for shore-based observations, and severely diminishing the
potential for aerial and small boat observations and surveys. The opportunity for collecting noise
data from sources other than ATOC would be negligible in this location, as there is minimal ship,
boat and aircraft activity on and off the island.

Johnston Atoll

Based on very limited baseline marine animal population estimates available, Johnston
Atoll would be expected to have both resident and transient marine animal densities that would
offer the opportunity to collect some quantity of meaningful data on the potential effects of low
frequency sound on different species. However, the abundances of these species would not be
expected to be as great as those off the north shore of Kauai, particularly the primary indicator
species, the humpback whale (see Section 3). Thus. the possibility of acquiring quantifiable data
sets that could be used in viable statistical analyses must be scored only as medium. Assuming
the source site selected via bathymetry data analysis would prove to be adequate from an
engineering standpoint, the distance to the air field and port facilities would be less than 50 kIn,
which would facilitate aerial survey work, vessel-based visual observations and acoustic
measurements from a boat. The low level of local vessel and low-flying air traffic in the vicinity
of the alternate site minimizes the opportunity for comparing potential effects of all sources of
local low frequency sound on the atoll's marine life. Meteorological and oceanographic
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conditions would be comparable to Kauai and Midway; i.e., conducive to at-sea data collection
efforts. There is no pre-deployed hydrophone array available off Johnston Atoll for passive
acoustic detection of marine mammals and other noise source monitoring.

Adak Island

Based on limited baseline marine animal population data available, the Adak Island area
supports both resident and transient marine animal resources that should allow acquisition of
adequate data on which to base meaningful statistic analyses. The drawback would be that nay
MMRP activities would, in effect, be the starting point for the necessary data bases. Assuming
the source site selected via bathymetry analysis would prove to be adequate from an engineering
standpoint, the distance to airport and vessel harbor facilities would be just over 50 km away,
which would not be as convenient as Johnston Atoll or Kauai as far as aerial survey tasks, boat-
based visual observations and boat-based acoustic measurements. Adak Island rates equal to
Kauai relative to the proximity of other noise sources that would allow comparative analyses of
the potential effect of low frequency sound on marine animals. This alternate site is most likely
to be affected by inclement meteorological and oceanographic conditions during the winter
months, which would effectively preclude almost all boat-based MMRP activities and, quite
often, aerial surveys as welL Although there are a number of SOSUS arrays deployed off the
Aleutian Island chain, there would be none available in the vicinity of the proposed source site
that could be used for passive analysis of marine mammal vocalizations and ambient noise
monitoring.

In summary, Table 2.2.3.2-1 indicates Kauai would be the preferred alternative from a
marine animal research viewpoint. However, both Kauai and Johnston Atoll are carried forward
into Section 3 and 4 of this EIS for detailed evaluation of alternatives.

2.2.3.3 Evaluation of ATOC Source Site Selection Criteria

This section discusses source site selection criteria for the four potential project sites with
respect to proposed ATOC feasibility actions. Table 2.2.3.3-1 summarizes the results; amplifying
information is provided in the following paragraphs.

Kauai

The deep sound channel axis is located at approximately 1000 m below the surface in the sub-
tropical seas, which includes both Kauai and Johnston Atoll. Since the source location at this site
is at approximately 850 m depth there should be excellent coupling of the source energy into the
sound channel.

One of the key siting criteria for ATOC feasibility purposes is the number of
receiving locations that can be "viewed" acoustically from the source location. These acoustic
views are presented in the form of computer-generated "shadow plots" that depict the acoustic
"shadows" caused by blockages such as islands, seamounts and other features of the intervening
sea bottom. Features as deep as 1000-2000 m below the axis of the sound channel can be
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significant, since key acoustic modes reach these depths and temperature measurements at these
depths are expected to be important. Figure 2.2.3.3-1 is a 200 m-depth shadow plot for this site.
The white "spokes" represent those areas that would be in an acoustic shadow. Kauai offers the
best possible transmission path coverage to all existing North Pacific receiver positions, including
an important site at Guam.

As with the other sites, Kauai is in the northern hemisphere, it also would have a large
seasonal variation due to its south-to-north view. The site is locally flat, yet has a 90 slope that is
within the desired (>8°) slope range.

Since the Kauai installation takes advantage of an existing cable from shore, it is the only
site that would not require armoring the power cable where it comes ashore (due to potential
heavy surf conditions and/or rough coral outcrops) or trenching into the bottom (because of heavy
surf or high potential for bottom fishing and trawling that could damage the cable). Although the
cable run length to shore is 51.5 kIn the distance of the source from shore is only 14.7 kmn thereby
allowing for close logistic support of a major airport (Lihue). The small boat used for MMRP
observations could easily be handled out of Hanalei Bay.

Midway Island

The deep sound channel axis is located at approximately 700 m at Midway, resulting in a
good coupling with the source energy. The shadow plot for Midway is shown in Figure 2.2.3.3-2.
The Midway site has good path coverage to the eastern Pacific and Guam but paths to two of the
Aleutian Islands receivers would be blocked off.

Midway is the only site that does not offer both a locally fiat spot for the source and a
relatively steep slope seaward of the source. The Midway site is located approximately 110 krn
(59 nm) from the island, bringing in the question of the feasibility of such a long power cable.
Midway is also about 2200 km (1200 nm) from Honolulu, which is the closest major air terminus
and vessel port.

All four sites can be considered to have good bottom sediment and basement properties
that would minimize bottom reflection and refraction transmissions that could block or otherwise
interfere with the outgoing transmission paths. The Midway site should not be adversely affected
by bottom currents nor should there be any significant impact by bottom fishing.

Johnston Atoll

Like Kauai, the deep sound channel at Johnston is approximately 1000 m deep. However,
shadow plots for 500 m and 1000 m below axial depth reveal only approximately 50% of the
sound energy transmitted northward reaching receiver sites at Guam, the Aleutians and the U.S.
west coast. At 200 m below axial depth (Figure 2.2.3.3-3), the blockages in all directions would
render that deep transmission path unusable. The proposed site is locally fiat and well sloped,
with good bottom properties for relatively predictable acoustic reflection/refraction. Bottom

2-25



ALTERNATIVES

Acoustic Shadow 2000m below Axial Depth
___________0

-250
- - -500

300 -750
-1000
-1250

L 22500

21750
t 32000

d - 2500

t -4000

150 0 160250

dowod

Fiur 2...-1 Kui lenaestesaowpo

2-375



ALTERNATIVES

Acoustc Shadow 2000m below Axial Depdti
________________________ ________________________0

-250

5 00 -500
-750

* -1000

-12500

-1750

L ~ -2000
s-2250
S-2500

- 2750
t 0 -3000

d .f 1 '-3250
e -3500

A - -3750
-4000
-4250
-4500

-4750
-5000
-525

-5500
1500 E 1600 WV -5750

-6000

Figure 2.2.3.3-2 Midway Island alternate site shadow plot

2-27,



ALTERNATIVES

currents would be expected to be minimal. Cable run to shore would be approximately 37 km,
which generally equates to Kauai and Adak. However, the cables would require some armoring
and/or trenching to protect it from seasonal surf conditions, rough coral outcrops, and bottom
fishing and trawling that could cause physical damage. Although the local air field and harbor
facilities on the atoll would be relatively close by (for research purposes), the nearest major
logistical support is about 1370 km away in Honolulu. Because this site would support a shore-
powered source, located on the ocean bottom, no major technical or engineering development
efforts would be required.

Adak Island

Because the deep sound channel is at approximately 100 m depth at this latitude, the
source would have to be located much shallower than at any of the other alternate sites. This
shallow source depth translates to greater potential risk from commercial fishing activities and,
likewise, a greater possible impact on resident marine animals from the acoustic transmission.
Shadow plots for 500 m below axial depth indicate uninterrupted transmission paths only to
Guam and U.S. west coast receiver sites south of 40' N latitude. The shadow plot for 100m
below the deep sound channel axis shows no sound rays reaching the west coast of the U.S.
Figure 2.2.3.3-4 illustrates that for the water column level 200 m below axial depth, there would
be blockage toll potential receiver sites, which would render this deep transmission path unusable.
Like the other three alternate sites, it is expected that the specific source location selected would
be locally flat, and the very steep slopes (associated with the Aleutian Trench system) would
minimize bottom interaction. Because of the shallow nature of the source site location and
associated cable run, there would most likely be armoring and/or trenching of the cable required.
Based on available oceanographic data for the region, it is believed that of all the alternate sites,
this location would have the greatest potential for undesirably high bottom currents. Although the
cable run to shore would probably be comparable in length to Kauai and Johnston Atoll, and air
field and harbor facilities would be close by at Ada: Island (for research purposes), the nearest
major logistical support site would be Anchorage, approximately 3500 km away. Because this
site would support a shore-powered source, that would be positioned on the seafloor, there would
be no major technical or engineering design requirements to overcome prior to installation.

2.2.4 MOORED AUTONOMOUS SOURCE (ALTERNATIVE 4)

This section describes the alternative of using autc-.1mous sources; that is, sound sources which
are not attached to shore-based power by cables bu: are free-standing, powered by large battery
assemblies. Such sound sources would be moored :o the ocean bottom with weights and held,
suspended by floats, at the correct ocean depth.

The principal areas of discussion of the moored autonomous source alternative are
technical. Two technical aspects necessary to the development and use of such autonomous
sources are discussed in this section: 1) development of the sound source itself, and 2) the
engineering necessary to integrate the source and the mooring, and to place and use the source for
an extended period of time.
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Two different kinds of sources are proposed as ATOC options. The first would be a
commercial low frequency projector (HX-556) using bender-bar technology that could deliver
source levels up to 197 dB integrated across a 40 Hz bandwidth from 150 Hz to 190 Hz (center
frequency 170 Hz). The HX-556 has a built-in active-passive pressure compensation system. This
type of source is fairly reliable and could potentially operate up to 2 years, using state-of-the-art
battery packs, before planned maintenance would be required. The second source option would
be one under development by the Russian Institute of Applied Physics (LAP) that operates by
forcing two opposing faceplates with an interior electromagnet. It is reported to be able to deliver
source levels up to 197 dB integrated across a 40 Hz bandwidth from 177 Hz to 217 Hz (center
frequency 197 Hz). The source would require pressure compensation equipment at depths below
200 m. However, the IAP states that before it can authenticate the autonomous capability of its
sound source, it would require additional development of source-driving electronics and
amplifiers.

A conceptual moored autonomous source is depicted in Figure 2.2.4-1. There are two
deployment problems to solve with the moored autonomous source alternative: 1) high pressure
found in the ocean down to 5 km depth; and 2) movement, or wandering, of the source in a circle
of up to a 300 m radius around the anchor on the ocean floor. The solution to the first problem
would require the design of a robust pressure compensation system in the integration of the source
and the mooring hardware. Comuelle (1983, 1985) has suggested that a solution to the second
problem would be to estimate the exact location of the source by analyzing changes in the travel
times of sound transmissions from transponders located around the mooring at different
inclination angles to the source itself. This solution would require a mooring electronics package
which would include a transponder navigation system, time-shift processing unit, transmitter and
acoustic transponder where measurement accuracy on the order of 1-2 m is required. Although
techniques of tracking underwater moored device motion are relatively mature, they have yet to
be applied to large, heavy autonomous sources that would be deployed in the deep ocean.

Several of the different source types potentially available for this alternative operate at
frequencies higher than the currently proposed cabled source. By transmitting at a higher
frequency, potentially increased impacts on toothed whale (odontocete) species could occur, since
those species' hearing sensitivity increases with increasing frequency. This concern would need
to be addressed in the selection of any moored autonomous source. To date, there have been no
sources designed for autonomous operation that operate at 70 Hz or have been demonstrated to
operate at pressures found at 750-900 m depth in the ocean. While battery-powered capability is
theoretically available, the power levels required to support 20-min transmissions at least a 2%
duty cycle for one year are significant. At a transmitter efficiency of 10%, the battery pack would
S consist of a 2.8 m3 (100 ft) box filled with Lithium cells and would weigh over 2722 kg (6000
Ib). This is 34 times the size of "standard" battery packs used routinely for long-range ocean
acoustic experiments.

Because the source would most likely be moored at a considerable distance from the
seafloor, the instruments would undergo considerable excursions as the moorings respond to tidal
and other deep ocean currents (up to 300 m of movement from vertical has been measured). This
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motion complicates interpretation of the received acoustic signal, even if the motion is known
exactly, since both distance and path geometry are key determinants in thermometry.

The principal advantage of moored autonomous sources is the increased flexibility in
siting opportunities. They can be located where the water depth exceeds the depth of the sound
channel. They are not constrained by the logistics of shore-based power cable connections.

On the other hand, most moored autonomous source locations would probably be located
some distance from shore, and would create severe logistics problems for any marine mammal
research program (e.g., staging facilities for shipboard and aerial observations).

Scheduled maintenance and repair functions on any moored autonomous source, located a
great distance from logistic port facilities, would likewise be more costly, time-consuming, and
generate more engine hydrocarbon byproducts and noises (from the transiting vessel) than sources
located closer to shore.

The design of moored autonomous sources also requires an accurate estimate of required
source power levels and duty cycles, since those factors, in turn, dictate battery system
requirements. Data provided above on the size of a required battery pack are based on an actual
transmitter efficiency of 10%. Achievement of better efficiencies would reduce those
requirements.

Due to this potential future applicability, this alternative will be carried forward to be
further analyzed and included in the summary of consequences of alternatives.

Table 2.2.4-1 summarizes the advantages and disadvantages of a moored autonomous

source.

2.2.5 RESTRICTED SOURCE TRANSMISSION TIMES (ALTERNATIVE 5)

Another alternative considered is to limit sound transmissions to times when vulnerable
marine species are not present in the vicinity of the source. This subsection analyzes the
feasibility and desirability of this alternative, specifically, in relation to sea turtles and the
humpback whale.

Based on available information, it appears that some mysticetes hear at low frequencies
and that sea turtles may also be capable of sound detection at low frequencies. Of all the marine
animals in the Kauai area, the most reliable baseline data available are on the humpback whale.
Their movements throughout the Hawaiian Islands are fairly well understood, and are relatively
easily observed from aircraft and shore stations. Their vocalizations facilitate underwater acoustic
locating and tracking. Information on the distribution and abundance of sea turtles (particularly
deep-diving leatherbacks) in the study area, while not nearly as extensive as that for humpbacks,
is available and will be useful in the development of a monitoring program for these species.
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Advantages Disadvantages

* Would avoid problem of acoustic . Frequency of proposed sources is as much
interaction with the bottom which could as 122 Hz higher than desired:
influence propagation.. - Transmission loss issue (higher TL).

* Could potentially be placed in areas of - Marine animal issue (higher frequencies
low marine animal activity, are closer to odontocetes' hearing)

* Basic source and battery technology is * New pressure compensation equipment
fairly mature. must be designed, developed and field

* Basic mooring and transponder hardware tested.
is fairly reliable. * New source driving electronics and

* if successful, cost savings over cabled amplifiers must be designed, developed
bottom sources could be realized in some and field tested.
situations * New mooring electronics package

(including time-shift processor) must be
designed, developed and field tested.

• Source wander (up to 300 m)
compensation scheme is unproven and
would require design, development and
field testing. If not fully successful, this
would be disqualifying.

- Breakdown of large batteries over time
could introduce harmful chemicals into
marine animals' habitat.

* No capability to modify source level, duty
cycle, or other operational paramneters once
deployed.

a Technical risks considered to be high
because this technique is as yet untried, so
no data base exists on underwater
operational reliability, service life, or
maintenance requirements.

0 Maintenance and repair would be more
difficult and costly than cabled bottom
sources closer to land.

0 If source placement is far from land (in
hopes of removing it from as much marine
activity as possible), it would render any
viable research on low frequency sound
effects on marine animals infeasible.

Table 2.2.4-1 Moored autonomous source advantages and disadvantages.
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Since the purpose of the proposed MMRP is to evaluate the potential effects of the ATOC
sound source on marine mammals and sea turtles, restricting sound transmission times when the
humpbacks arepresent would prevent satisfaction of MMRP objectives.

Restricting source transmission to seasons when humpback whales were not present would
also severely damage the validity of the acoustic thermometry climate studies. There is expected
to be a large seasonal variation in path-averaged ocean temperature along some of the proposed
acoustic paths. To miss winter observations of ocean temperature, by not transmitting, would
certainly bias the results of any interannual monitoring. If, for example, the climate change over
the next few years resulted in greater extremes (i.e., warmer summers and colder winters) then by
sampling summer ocean temperature but not winter temperature, the likely conclusion would be
that the ocean was warming. In fact, the annual average extremes would be constant (no climate
trend), but missing winter sampling would show a false climatic warming. Properly sampling a
cyclic phenomenon, such as the seasonal variation of ocean temperature, requires data to be
gathered at all parts of the cycle, in all seasons, to allow underlying climate trends to be detected.

Instead of restricting source transmissions by season, the potential impacts of source
sounds on marine animals would be mitigated first through the MMRP Pilot Study, and second by
the reduction of source power levels and transmission schedules to the minimum duty cycle
necessary to meet the objectives of the feasibility experiment (at the outset, the duty cycle would
be only 2%). These mitigation measures are discussed in connection with the following
alternative, which discusses Modified Source Operational Characteristics. Section 4 lists the
specific mitigation measures proposed to be incorporated into the project.

At some stage during the first year of operations, transmissions must be every day, for two
months (8% duty cycle), rather-than every fourth day (2%). This period would be deliberately
chosen to coincide with the occurrence of the smallest nImber of marine mammals in the area of
the source site. This brief series of transmissions would enable tidal corrections to be made to all
subsequent acoustic travel times.

Based on the above, the alternative of restricting source transmissions relative to
individual species was eliminated from further analysis and will not be carried forward to the
detailed analysis of alternatives.

2.2.6 MODIFIED SOURCE OPERATIONAL CHARACTERISTICS
(ALTERNATIVE 6)

A number of scoping comments requested that alternative ATOC source characteristics be
considered that could reduce effects on marine mammals. Source characteristics important to
potential habitat effects include source frequency (frequencies outside marine animals'
communication bands should be preferred), source level (lower power levels are preferred),
waveform and pulse length (optimum waveform and coding can reduce the required source
levels), and duty cycle (shorter 'on' periods are assumed to have lower potential impacts). Each of
these characteristics is discussed below. Generally speaking, the project source has already been
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designed to optimize these factors, based on present knowledge. Increased understanding
resulting from experimental source operations will provide the basis for further optimization.

2.2.6.1 Modified Source Alternatives

The following section explains the critical acoustic parameters and mitigating actions
selected for each preferred source characteristic.

2.2.6.1.1 Frequeny

Low frequencies are required for acoustic energy to traverse great distances across oceanic
sound paths. The frequency of 75 Hz is near the center of the spectrum of deep ocean ambient
shipping noise, which peaks 20-30 dB higher than spectrum levels at mid-frequencies (100-1000
Hz) where surface wave noise dominates the acoustic background (Figure 2.2.6.1.1-1). Based on
known dominant frequencies of the great whales (Table 4.3.1.1.1-1) it appears that some species
produce sound and can hear in this band. Baleen whales use frequencies below and above the
proposed source frequency, and toothed whales (odontocetes) use frequencies above the proposed
source frequency. Thus, there would be no real benefit relative to potential impacts on marine
animal populations by changing the source frequency characteristics. Based on available
information, either a higher or lower frequency might be expected to result in increased impacts.

Mitigation Measure A-2: ATOC sound sources would utilize frequencies anticipated to
have minimal adverse impacts on species that may be exposed to their acoustic output
(i.e., based on available information, either a higher or lower frequency might be expected
to result in increased potential adverse impacts).

2.2.6.1.2 Source Level

Figure 1.1.3-2 portrays the source power density spectrum, indicating a peak
spectrum power output value of 180 dB. The source is capable of a total power output, integrated
across the entire 35 Hz bandwidth, of 195 dB measured at 1 m from the source. This specification
of maximum source level was derived by combining the results of the Heard Island Feasibility
Test and numerous PE acoustic propagation loss model calculations. It is believed that 195 dB

represents the upper limit and optimum source level requirements may end up being lower. The
maximum source level would be used during the MMRtP Pilot Study only if no significant
impacts on marine mammals are observed during its early low-power stages. Further, after the
start of ATOC operations, the source level would be adjusted to provide the minimum signal
levels required at the receivers.

Mitigation Measure A-3: ATOC sound sources would operate at the minimum power
level necessary to support MMRP objectives and feasibility operations.
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2.2.6.1.3 Waveform and Pulse Length

The source waveform has been designed as a digitally coded "M-sequence" and has been
optimized for decoding at the receivers. An initial 5 miin stepped ramp-up period will help reduce
the potential for startling animals and provide them an opportunity to move away from the source.
The transmission length of 20 mrin is designed to spread the energy over time, at much lower
source levels, than if the signals were sent as short, loud pulses of the same total energy. While
the sounds cannot be "heard" over most of the transmission path distance or at the receivers, they
will be detected and timed using advanced digital signal processing techniques, similar to those
used by NASA to retrieve data from deep space satellites. Weak but carefully constructed signals
of long duration can be extracted from below ambient noise levels. The signal processing
technique used at the receivers "stacks" the transmitted energy in order to attain the necessary
signal-to-noise ratio for proper data analysis. As a result, the current waveform and repetition
protocols are designed to optimize reception, thereby reducing required source power levels to
which marine animals would be exposed. Further, studies of migrating gray whales and other
marine mammal species (Maline et al., 1983, 1984) indicated reduced sensitivity to intermittent
(like the proposed project source) vs. continuous sounds.

Mitigation Measure A-4: The ATOC project would continue to study source waveforms
and transmission lengths that may facilitate long-range detection of the source sounds
which, in turn, may permit lower source intensities than would otherwise be required.

2.2.6.1.4 Dt yl

The proposed ATOC duty cycle Would be one transmission every 4 hours (6 per day), for
one out of every four days (2% duty cycle). After approximately six months, this duty cycle
would be modified for a short period to allow efficient study of the effects of the ocean's daily
tidal cycles (8% duty cycle). After about 1-2 months of operation at a 8% duty cycle, it would be
reduced to the original 2% to permit required sampling of data received from along the acoustic
paths.

Mitigation Measure A-5: Project sound sources would operate at the minimum duty cycle
necessary to support MIVRP objectives and feasibility operations.

Each source characteristic of the proposed action has been selected for least impact and
maximum utility. However, mitigation measures have been incorporated into the proposed action
to allow source characteristics to change in response to any observed impacts during the MMRP
phase. Additionally, source characteristics will be reduced to the minimum required based on the
test period results. Since the ATOC feasibility effort includes all feasible elements of this
Modified Source Operational Characteristics alternative, the alternative will not be analyzed
separately in the detailed consideration of environmental consequences, but instead should be
considered part of the project as proposed.
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2.2.7 GLOBAL CLIMATE MODELS (ALTERNATIVE 7)

The alternative of using existing computer models alone to predict long-term changes in
the global climate was also evaluated. This section describes global climate models (GCMs) and
their limitations. It concludes that the use of computer models alone cannot meet the project
objectives because they can only predict, not measure, actual conditions. This section also
explains how the ATOC project data would be coordinated with these models to verify their
assumptions and projections, and to improve their reliability. Since the use of GCMs is an
integral part of the proposed project, rather than a substitute for the project, models alone were not
selected as a separate, independent alternative for firther analysis.

The ability to numerically model global ocean climate is at a level of development similar
to that of weather prediction several decades ago. Modeling of ocean climate presents a greater
challenge than numerical weather prediction for two primary reasons. First, significant changes
within the ocean occur on a much smaller or localized scale than changes in the atmosphere.
While atmospheric weather fronts can span thousands of kilometers, significant features of the
"weather" in the ocean can be much smaller, on the order of 50-100 km, and are, therefore, more
numerous. Thus, much higher spatial resolution is required of ocean models than of their
atmospheric counterparts.

Second, in the ocean there is very little pertinent oceanographic data collected for ground-
truthing or validating the models. This lack of information has been alleviated somewhat with
data from the Geosat-Exact Repeat Mission (Geosat-ERM) altimetric satellit', the European
Space Agency's ERS-1 satellite (using an altimeter, which measures altitude, au.. scatterometers,
which measure wind speed, and direction, and thus sea state), and the NASA/CNES
TOPEX/Poseidon precise altimetric satellite. Sea surface height (SSH) measurements from these
satellites help benchmark ocean circulation models. However, direct temperature measurements,
in addition to measurement of sea surface height, are critically needed before existing models can
gain additional credibility.

The only climatic variation for which there has been some verifiable forecasting capability
is the El Nifio phenomenon in the Pacific Ocean. There is no such corresponding skill for the
Atlantic or Indian Oceans.

Taken individually, observed or modeled data sets could yield inconclusive results. For
example, satellite altimetry data are subject to many environmental corrections and errors. The
effects of these errors may be magnified by sensor parameter differences between satellites such
as Geosat-ERM and ERS-l. The model results alone are not conclusive because they are low
resolution simulations that use simplifications of the ocean with respect to physical processes and
atmospheric forcing functions. From a practical standpoint, these simplifying assumptions make
it possible to run the model on existing super-computers, but if the assumptions are wrong the
results likely will be wrong as well or, coincidentally, right for the wrong reason.

The ATOC scientific methodology measures the temperature structure throughout the
vertical extent of the sound channel in the water column. The upper and lower limits of the sound
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channel are defined by the two depths of equal maximum velocity on the profile, between which a
velocity minimum (sound channel axis) exists (Urick, 1983). These ocean temperature data
collected by ATOC operations in the Pacific will lead to assimilation of that data into Pacific
GCMs. In addition, ATOC scientists would work on the interpretation of the best available
climate models (Hamburg, Princeton, O'Brien/Hurlburt of Florida State University,
Wunsch/Marshall of MIT) under development, in terms of their acoustic signatures, to ascertain
how well the GCMs describe the ocean acoustically.

The measurements collected from a Pacific ATOC network would need to be infused into
GCM development and validation efforts. If the agreement between real data and a model is
-poor, the goal would be to improve the physics of the models themselves.

The use of GCMs alone to predict global climate change does not address the project
objectives. However, the continued development and verification of GCMs would be an integral
part of the overall project. Additionally, ATOC measurements could serve as an essential element
of future GCM development. Therefore, this alternative does not meet the programs objective of
gathering information on deep ocean temperature measurement and is not analyzed further as a
separate alternative.

2.2.8 SATELLITE SENSORS (SEA SURFACE TEMPERATURE
MEASUREMENTS) (ALTERNATIVE 8)

Another alternative to acoustic methods of global climate measurements considered is the
use of satellite measurements of sea surface temperatures. The discussion below concludes that,
while these measurements are fairly accurate for the sea surface, they alone cannot measure global
climate changes and, therefore, would not meet the project objectives. However, ATOC research
would be coordinated with satellite measurements. Satellite measurement of sea surface
temperatures is not a substitute for ATOC, but rather an important adjunct to it.

Satellite sensors offer a number of methods for determining sea surface temperature
(SST). All of these methods rely upon measuring microwave or infrared energy emitted from the
sea surface. Generally speaking, the most accurate measurements are derived from satellite
sensors that sample a number of microwave and/or infrared frequencies. Also important are the
algorithms for deriving temperatures from the measurements of electromagnetic energy. These
capabilities are constantly being improved.

The best sea surface temperature measurements are accurate to approximately +0.6°C, if
all available infrared channels are used. Current investigations are concentrating on examining
remotely sensed global water vapor data and atmospheric sounder information in order to improve
the atmospheric correction factors.

Unfortunately, this wealth of SST information does not reflect thermal properties below
the sea surface. Satellite measurements give surface boundary conditions, but due to the
impenetrability of sea water to electromagnetic waves (microwaves, infrared), they do not
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measure temperatures at depth. As a result, there is also a need to monitor the ocean's interior by
other means.

ATOC scientists would work closely with ongoing and future satellite data collection
programs to extend satellites' ability to measure temperature at the sea surface, into the ocean's
interior, by acoustic thermometry. Therefore, this alternative does not meet the programs
objective of gathering information on deep ocean temperature measurement and is not analyzed
further as a separate alternative.

2.2.9 SATELLITE SENSORS (SEA LEVEL MEASUREMENTS) (ALTERNATIVE 9)

An additional technology for measuring ocean climate changes is the use of satellite-based
measurements of sea level. This section explains the accuracy and limitations of this alternative.
It concludes that sea level measurements alone, no matter how accurate, are not an effective
measure of ocean temperatures. However. satellite sea level measurements are one component,
along with ATOC project data, that will be assimilated into the computer predictions of global
climate change, which is the ultimate objective of this project. Satellite sea level measurements
are not a substitute for ATOC, but instead represent one method of augmenting larger ATOC
project objectives.

There are two main reasons why mean sea level rises or falls on long time scales (a5
years). One is thermal expansion or contraction of a few centimeters in the vertical dimension
that is in direct response to changes in the mean temperature of the water itself. The other is the
result of variations in the amount of water stored as ice in the polar regions. The latter is by far
the larger of the two effects, and accounts for much of the present extent of "drowned" margins of
most continents. Another-contributing factor in sea level change is earth crustal movement.

Radar altimeters flown in orbiting satellites can measure sea surface height with an
accuracy of a few centimeters, so with sufficient sampling repetition, mean sea level can be
derived to within about 2 cm. The current limitation on the resolution of satellite altimeters is the
degree to which their orbits are known or can be measured. With improvements in modeling and
tracking orbits, their precision will certainly increase. However, the underlying enigma is the
problem of understanding the extremely complex :elationships among atmospheric warming or
cooling, oceanic warming or cooling, polar ice co'-.er area and thickness, and sea level rise or fall.
Further, in modeling ocean temperatures from sea surface levels, it would be necessary to
compensate for the fact that earth crustal movements also change apparent sea levels by
comparable amounts.

In order for this alternative to offer any level of viability, concurrent, well-calibrated
measurements of polar ice cover and thickness would be needed on the one hand, and sea level
rise or fall on the other hand. At this stage, the former is not yet resolved and the latter still an
area of active research.

Precise measurements of sea level heights from satellite altimetry sensors would be
appropriately incorporated into ATOC oceanographic and acoustic modeling efforts, that would
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feed into the global climate model prediction efforts. Therefore, this alternative does not meet the
programs objective of gathering information on deep ocean temperature measurement and is not
analyzed further as a separate alternative.

2.2.10 OCEANOGRAPHIC POINT SENSORS (ALTERNATIVE 10)

All measurements that have been made of ocean temperatures to date have used either
remote satellite sensing or conventional thermometers placed directly in the ocean, referred to in
this section as oceanographic point sensors.

A number of oceanographic point sensor technologies are in use, the most pertinent of
which are expendable bathythermographs (XBTs) and conductivity-temperature-depth (CTD)
profiling systems. The ATOC project would use XBTs and CTD/XCTDs in order to validate its
own temperature measurements; therefore, this alternative is an element of the ATOC project
proposal. However, oceanographic point sensors are not a substitute for acoustic thermonrrtry,
due to the extremely large number of such sensors that would be required to provide a comparable
level of data.

A component of the ALACE and PALACE systems is capable of ocean point
measurements. These are free-floating devices which flow with the current at a specified depth.
At programmed intervals they surface, report their position and data, then return to their depth.
They provide precise track information and furnish point measurements along a track following
ocean currents at depth, but do not provide repeatable path temperature averages, which is the
core concept of the ATOC technique.

XBTs are a combined temperature and depth sensing unit with a copper wire connecting
them to the surface. They are launched from all sizes of vessels, out of aircraft, and from
submarines at depth. As the units sink, they transmit depth and temperature data to the surface.
They enable mapping of the temperature pattern of the upper ocean to the standard depth of the T-
4 model (460 m), which is most commonly used, or the more expensive models, the T-7 (760 m)
or T-5 model, which goes to 1830 m. There are several volunteer ocean observation programs in
which XBTs are launched from ships of opportunity along major (and some minor) commercial
shipping routes.

XCTDs operate on a similar principle, but add conductivity measurements to determine
salinity levels. They are more expensive than XBTs.

XBTs and XCTDs have environmental impacts of their own. Since they are expendable,
hundreds of thousands of miles of fine copper wire and tons of zinc and plastic waste have been
introduced into the oceans in the form of XBTs and XCTDs. In addition, a program that would
expand use of XBTs to the degree required could no longer rely primarily on ships of opportunity.

Furthermore, XBTs are not adequate tools with which to measure climate change in the
oceans. XBTs have a temperature accuracy of +0. 15'C and a depth accuracy of +2%.
Climatological researchers expect that the climate "signal," which is swamped by local variability
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near the sea surface, would be about 0.0050C per year at 1000 m. Thus, the XBTs of today do not
meet the requirements of long-term climatological research aimed at addressing questions of
global warming. Moreover, merely improving XBT accuracy could not replace acoustic
thermometry measurements, since point source measurements are inherently limited in time and
space. It is not economically feasible to overcome this limitation by increasing the numbers of
launching platforms.

For a dedicated, cost-effective oceanographic program, specialized ships would be
required to handle CTD profiling systems. These ships would stop at each sampling station and
lower a CTD to obtain salinity and temperature profiles. Each profile typically takes 3-4 hr to
complete, thus a single line of point samples across the ocean takes several weeks. The combined
resources of tens of nations, each with dedicated oceanographic ships, have not been sufficient to
map the global ocean's temperature structure in any detail, and certainly not repeatedly.

XBTs, along with the other oceanographic research tools available, provide
complementary forms of data, but cannot be used alone to resolve global climate questions.
ATOC is expected to provide instantaneous temperature data averaged on ocean basin scales and
would complement, not compete, with the other data collection research technologies. The puzzle
of global climate change is sufficiently complex and important to demand the proper integration
of all available useful measurement tools. No single technique can answer the outstanding
questions of how the oceans are responding to changes in the atmosphere resulting from human
activities and natural events (e.g., seismic).

In any event, point source measurements would be taken as part of the ATOC project in
order to compare measurements obtained through direct physical measurements with acoustic
results.

2.2.11 AUTONOMOUS POLAR HYDROPHONES (ICE NOISE MEASUREMENTS)
(ALTERNATIVE 11)

At least one scoping commenter suggested that atmospheric temperature changes could be
predicted by listening with hydrophone(s) to Arctic ice noise (J. Lewis, pers. comm., 1994).
Lewis suggests that noise levels could be related to the quantity of ice melting, which could then
be translated into changing temperatures in the atmosphere.

Correlation between ice noise and air temperature is limited to short-term local changes
that are basically unrelated toclimate change. It would be extremely difficult to calibrate or
quantify any ice noise measurements over a reasonable time period.

In addition, it was suggested that ATOC measure the transmission times of existing noises
in the ocean, such as polar ice noises, rather than adding new sources of subsea noise. However,
the unpredictable timing, source location and intensity of such noises, and the fact that they are
not specially coded for long distance reception nor inserted directly into the sound channel, make
their use as a sound source to support acoustic thermometry infeasible.
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Listening to Arctic ice noise was not selected as an alternative for further analysis, as it
does not address the issue of ocean climate change or present an opportunity for ocean
temperature measurements in a scientifically viable manner, and does not meet project objectives.

2.2.12 DUAL SITE EXPERIMENT; ALTERNATIVE MMRP TECHNIQUES -
MOBILE PLAYBACK EXPERIMENTS (ALTERNATIVE 12)

Several commenters suggested that the ATOC/MMRP experiments should be located at
two separate sites, with the MMRP being performed using a mobile sound source at a location
with relatively large numbers of marine mammals, and the ATOC experiment being performed at
a remote location with lower densities of marine animals, without any attempts at associated
marine mammal research.

In response to this comment, mobile sound source (playback) experiments have been
added to the MMRP at several locations chosen for marine mammal and sea turtle abundances
(Hawaii for humpback whales, Azores or Dominica for sperm whales, and Trinidad for
leatherback sea turtles). However, playback experiments have only limited relevance to
evaluating the potential impacts of an ATOC-like sound source, since they use much lower
power levels, they have more pronounced distance/received level relationships (the received
sound level from a lower output source closer to an animal varies more quickly as an animal
moves in relation to the source), they include the confounding influence of the boat from which
the source is deployed, and unless the boat can remain stationary for a long period of time prior
to commencement of the experiment (to allow the area to return to steady state), the boat motion
diminishes the utility of the data (because the animal could be responding to the motion of the
boat; plus the fact that the ATOC source is not mobile). As a result, MMvfRP experiments
utilizing an ATOC-like source are still required, and reasonable abundances of marine mammals
are needed to support those experiments.

2.3 RANGE OF ALTERNATIVES AND ALTERNATIVES ELIMINATED FROM
DETAILED STUDY

The evaluation of possible alternatives to the proposed project was conducted based on a
list of criteria needed to meet project objectives. The suggestions were narrowed to a list of
eleven possibilities, including the proposed action and a no action alternative. After further
analysis, some of the alternatives were eliminated outright, and some of the features of the
suggested alternatives were incorporated into the proposed action. Four altematives--the
proposed action, no action, Johnston Atoll source site and the use of moored autonomous sources-
-were carried over for further analysis and evaluation. Table 2.4-1 at the end of this section
summarizes the analysis of these four alternatives, while Section 4 evaluates their potential
environmental impacts. The following is a summary of the alternatives eliminated from further
analysis.
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2.3.1 ALTERNATIVE 5 (RESTRICTED SOURCE TRANSMISSION TIMES)

Species that could potentially be affected by source transmissions, and which exhibit
seasonal presence in mid-Pacific waters are the humpback whale and at least one sea turtle
(leatherback). However, as discussed below in Section 4, it is not anticipated that humpback
whales would be adversely affected by the source transmissions. Adopting this alternative would
eliminate the opportunity to collect research data through a controlled experiment on potential
effects of low frequency sound on marine animal conducted by qualified marine biologists..

However, even though this alternative is not analyzed further as a potential alternative, its
mitigating effect has been incorporated into the preferred alternative, which includes the reduction
of source transmission times.

2.3.2 ALTERNATIVE 6 (MODIFIED SOURCE OPERATIONAL
CHARACTERISTICS)

The proposed action calls for source operational characteristics which would minimize
potential adverse impacts and optimize project goals. There would be no decrease to any
potential impact on marine animal populations by changing the source frequency characteristics.
After initial climate studies, the source level and duty cycle would be decreased to the minimum
required. Since the mitigating effects of this alternative have already been incorporated into the
proposed action, modified source characteristics have not been analyzed as a separate alternative.

2.3.3 ALTERNATIVE 7 (GLOBAL CLIMATE MODELS)

Computer model results alone would be inconclusive because they are a simplification of
the ocean with respect to physical processes and atmospheric forcing functions. ATOC
temperature measurements would be incorporated into GCMs as benchmarks for verification and
validation, with the goal to improve the models' reliability.

2.3.4 ALTERNATIVE 8 (SATELLITE SENSORS-SEA SURFACE TEMPERATURE
MEASUREMENTS)

Satellite sea surface temperature measurements would be used in conjunction with ATOC
project data to predict global climate changes. SST data do not reflect oceanic thermal properties
below the surface. Global warming relies on high latitude convective interchange between the
surface and the ocean interior. Satellite SST measurements would be used in conjunction with
ATOC project data to provide GCM modelers with data to better predict global climate changes-

2.3.5 ALTERNATIVE 9 (SATELLITE SENSORS-SEA LEVEL MEASUREMENTS)

There is an inherent inter-relationship among atmospheric warming, ocean warming, polar
ice cover and sea level change. For this alternative to be viable, coincidental, calibrated
measurements of polar ice cover and thicknesses and sea level changes would have to occur on a
global scale, which is not currently feasible. However, though this alternative by itself does not
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meet project objectives, it could be used in conjunction with acoustic thermometry data to further
improve GCM models.

2.3.6 ALTERNATIVE 10 (OCEANOGRAPHIC POINT SENSORS)

XBTs (and XCTDs) alone are not the proper tool to measure global climate change in the
oceans and therefore do not meet project objectives. This is primarily due to the difficulty of
implementing a high-resolution, global sampling plan that would need literally millions of XBTs
at a prohibitive cost, but also because of the lack of required measurement accuracy of XBTs.
XBT data would be integrated with ATOC measurements, and are therefore incorporated into the
preferred alternative and not analyzed further as a separate, independent alternative. Likewise,
ALACE and PALACE floats are not considered an alternative to ATOC because they are not able
to provide large-scale seasonal and year-to-year temperature variabilities amenable to input to
climate prediction model algorithims.

2.3.7 ALTERNATIVE 11 (AUTONOMOUS POLAR HYDROPHONES-ICE NOISE
MEASUREMENTS)

Correlation between ice noise and air temperature would be limited to short-term local
changes that are basically unrelated to global climate changes. It would also be infeasible to
calibrate or quantify ice noise measurements over a long time. Therefore, this alternative would
not meet project objectives.

2.3.8 ALTERNATIVE 12 (DUAL SITE EXPERIMENT; ALTERNATIVE MMRP
TECHNIQUES - MOBILE PLAYBACK EXPERIMENTS)

Mobile playback experiments alone cannot adequately study potential marine mammal
and sea turtle responses to ATOC-like sound transmissions which, unlike the equipment used in
those experiments, use a fixed, high intensity source that is not associated with boats or other
human activities. To the extent that this alternative is feasible, it has been added to the proposed
project by including playback experiments in the MMRP, it therefore will not be analysed as a
separate alternative.

2.4 SUMMARY OF RELATIVE RESPONSE OF ALTERNATIVES TO OBJECTIVES

The relative response of the alternatives to the marine animal research and acoustic ,
thermometry research criteria are key elements in distinguishing among the alternatives. The
information in Table 2.4-1 supplies the relative response of the alternatives to the marine animal
research criteria and the acoustic thermometry program criteria. Table 2.4-1 assumes that the
MMIRP described in Appendix C would be carried out in support of Alternative 1; if Alternative 3
or 4 were selected, the table assumes a MMRP research protocol of comparable adequacy would
be executed at that site. The percentage values are based upon criteria fulfillment requirements
deemed necessary by both marine mammal biologists and acoustic oceanographers associated
with the program.
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Alternative Alternative Alternative Alternative

1 2 3 4
(Proposed (No Action) (Alt. Site- (Moored

Action) Johnston Auton-

CUM" Atoll) omous
Sources)

I I-
Marine Mammal Research Program

• Assess the potential effect- of ATOC somind tramnlssions on the
relative distribution and abundance of marine animals (particularly H N M L
marine mammals and sea tutles) within tde 120 dB sound field (modeled
at 100 m depth), so s to minimlu i me t uodated with
determination ofthe significance of ny eicts.

-Obtain information to help evaluate what effeft the ATOC sound
transmissions could potentially have on the relative distribution, H N M L
abundance and diving behavior of marine mmmals and sea turtles.

- Identify mitigation measures to avoid the potential disruption of
behavioral patterns of local marine animal particularly marine mammals H N M L
and sea turtles.

- Assess the level of any responses of indicator species to ATOC sound
signals, particularly whether any marine mammal or sea turtle
demonstrates an acute or short-term response (Table C-I) to low M N M UNK
frequency sound transmissions with ATOC source characteristics. (presume L)

Acoustic Thermometry Program

- Observe the ocean on the large space scales (3000-10,000 kin) which
characterize climate, so that modelers will be able to: l) test their models H N M H
against the average ocean temperature changes seen by ATOC over a few
years, and 2) i& and when, the models prove adequate, use those same
observations to "initialize* the models to make meaningful predictions.

• Develop and demonstrate the equipment necessary to undertake acoustic
thermometry experiments; in particular, reliable low frequency sound H N H UNK

sourc•.

* Prove the concept of using acoustic thermometry to measure ocean
climate variability for global applications by establishing multiple H N M H'
acoustic pathways in the North Pacific.

- Obtain early baseline data on transmission times in Pacific pathways to H N M M
compare with data that may be obtained in a follow-on program, if such a
program is approved.

* Determine the minimum source level and duty cycle necessary for
obtaining valid climatic data. H N M H'

- Characterize oceanographic factors that could affect the global climate
"signal," such as tidal cycles, internal wave fields, and mesoscale H N M H
variations, and determine the constraints they impose on the design of a
future (conceptual) ocean monitoring system.

Utilize existing U.S. Navy seafloor hydrophones to the maximum
feasible to increase the number of acoustic pathways and, hence, the H N M H
quantity of data, at a relatively small cost.

'Assumes that reliable, efficient, safe systems can be developed, tested and deployed successfully.

Relative response criteria: H = Fulfills criteria >90%
M - Fulfills criteria 5006-90%
L = Fulfills criteria <50%
N = Fulfills criteria 0%

Table 2.4-1. Relative response of the alternatives to the marine animal research and acoustic
thermometry program criteria.
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2.5 PREFERRED ALTERNATIVE

The preferred alternative is Alternative 1, the proposed action with identified mitigation
measures. The MMRP described in Appendix C is tailored for Alternative 1; however, it would
be restructured to become an integral part of any other alternative except Alternative 2 (No
Action).
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3 AFFECTED ENVIRONMENT

3.1 INTRODUCTION

This section provides background information for assessing the impacts of the proposed
action on the physical, biological, social, and economic environments of the proposed Kauai site
and alternate Johnston Atoll site. It provides the framework within which the environmental
impacts of the proposed action can be assessed, and also serves as a reference section for the
evaluation and comparison of alternative actions. Much of the information presented herein is a
compilation of data that were also used during the development stages of the proposed action as a
basis for making choices from the range of alternatives.

3.1.1 SOURCES OF INFORMATION

Physical environment information has been compiled from a number of meteorological
and oceanographic sources, including the World Meteorological Organization (WMO), the Naval
Oceanographic Office (NAVOCEANO), Fleet Numerical Meteorology and Oceanography
Center (FNMOC), and the Naval Research Laboratory (NRL).

Biological environment data have been collected from NOAA/National Marine Fisheries
Service publications, the Environmental Impact Assessment of Nearshore Marine Life at
Princeville, Kauai; a Report on the Development of a Pilot Plant for Ocean Thermal Energy
Conversion (OTEC) at Kahe Point, Oahu, Hawaii; The Final EIS for the Johnston Atoll
Chemical Agent Disposal System (JACADS); the Final EIS for the Proposed Marine Mineral
Lease Sale: Exclusive Economic Zone Adjacent to Hawaii and Johnston Island; the Draft EIS
for the StrategicTarget System at Barking Sands (U.S. Ahmy Strategic Defense Command);
published literature, guide books, letters, and personal communications. Hubbs Sea World
Research Institute (HSWRI) and the Honolulu Laboratory of NMFS' Southwest Fisheries
Science Center provided information on sea turtles. The U.S. Fish and Wildlife Service provided
data on seabird species. Some information on recreation use of the oceans was obtained from the
Hawaii Ocean and Marine Resources Council's technical report on Hawaii Ocean Resources
Management Plan.

Social and economic environment information has been obtained primarily from the
Army Corps of Engineers, the Hawaii Department of Transportation, the National Marine
Fisheries Service (Honolulu Office), and personal communications. Some information on
recreational activities and revenues from those activities came from the Hawaii Ocean and
Marine Resources Council's technical report on Hawaii Ocean Resources Management Plan.

3.2 PHYSICAL ENVIRONMENT

This section addresses the physical characteristics of the alternative site environments
that may affect or be affected by the proposed action. A site description is presented first
(Section 3.2.1), followed by an overview of meteorology (Section 3.2.2), physical oceanography
(Section 3.2.3), water column characteristics including the existing noise setting (Section 3.2.4),
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and regional geography and geology (Section 3.2.5). Due to the large-scale influence of many
environmental featurms such as currents and winds in the Hawaiian Archipelago and Johnston
Atoll areas, much of the following discussion applies to the alternate sites of Kauai, Midway and
Johnston Atoll.

3.2.1 SITE DESCRIPTION

The proposed action would take place in Hawaiian waters, with the sound source to be
located 14.7 km north of Haena Point, Kauai, at a depth of approximately 850 m (Figure 1.1.5-3).
Water depths in the proposed study area range up to 4400 m, averaging approximately 2800 m,
with the greatest depths in the northwest region. The 100 m depth contour is approximately 2
km or less from the coast, with the 1000 m depth contour ranging from as far as 19 km (western
section of the study area) to as near as 4 km (eastern section) offshore.

Johnston Atoll consists of two small natural islands (Johnston and Sand Islands) and two
human-made islands (Akau and Hikina Islands) totaling approximately 2 km2 in surface land area
(Amerson and Shelton, 1976). The site lies on a 14 by 7 nm (26 by 13 kim) coral reef platform in
the tropical Pacific. The nearest land to Johnston Atoll is the French Frigate shoals,
approximately 450 nm (833 kIn) to the north-northwest in the northwestern Hawaiian Islands.
Honolulu lies 1430 km to the northeast.The atoll was made a federal bird refuge in 1926 by
President Calvin Coolidge. Although the oceanic region in which Johnston Atoll lies is
relatively unproductive, life on the atoll itself is abundant, with nearly half a million seabirds
using it for roosting and nesting (Amerson and Shelton, 1976). Water depths within 50 nm2

(approximately 130 km2) of Johnston Atoll are less than 30 m depth. Johnston Atoll differs from
most atolls in that the main outer reef extends only one-fourth of the way around its perimeter.

3.2.2 METEOROLOGY

The mid-Pacific region, including the proposed action and Johnston Atoll site, are
dominated by tradewinds from the northeast, with wind speeds occasionally reaching 50 kts (92
km/hr) and more (Amerson and Shelton, 1976). During winter months, storms traveling from
west to east across the North Pacific can generate severe winds (e.g., > 64 kts [119 km/hr]) and
large swells along the north shore of Kauai, up to 5-7 m high. Annual surface wind speeds on
Johnston Atoll average 12.7 kts (24 km/hr) (Amerson and Shelton, 1976).

3.2.3 PHYSICAL OCEANOGRAPHY

Predominant circulation patterns of the upper waters of the Pacific (including Hawaiian
waters) include a clockwise gyre in the North Pacific and a counterclockwise one in the South
Pacific, with an equatorial current system located in between (Pickard and Emery, 1982).
Offshore surface currents in the vicinity of the Kauai site are dominated by the North Pacific
Current system, generally driven by the tradewinds, running from east-to-west, with average
speeds of 0.5-1.1 km/hr (DMAH/TC, 1993). Nearshore currents in the proximity of the proposed
action site are predominantly tidal in very shallow waters, with average speeds of 0.7-1.7 km/hr
(NMFS, 1991). Figure 3.2.3-1 portrays the general current flow among the Hawaiian Islands.
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(from NOAA, 1994) -

Figure 3.2.3-1 Hawaiian surface currents
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Wennekens (1969) recognized three seasonal flow regimes at Johnston Atoll. One
regime (from late November to early March) is characterized by strong southwest offshore
currents, while the second regime (early March through mid-June) is generally comprised of a
strong northwest, offshore flow. The third regime lasts from mid-June until early December and
is characterized by a moderate westward, offshore flow.

3.2.4 WATER COLUMN CHARACTERISTICS

Water column characteristics of greatest importance to the proposed project are
temperature, salinity, and ambient noise. Temperature and salinity are important because they
affect the properties of the deep sound channel, representing a key consideration for the acoustic
thermometry program. Ambient noise levels are important because they establish the
background setting for low frequency sound transmissions. Dissolved oxygen (DO) is also
considered important because it broadly influences the distribution and abundance of many
organisms, particularly bottom dwellers within the oxygen minimum zone (OMZ). The
proposed action site and the Johnston Atoll site are located within the OMZ depth range (200
500 m) (Pickard and Emery, 1982). Data for other water quality parameters, including light
transmittance, pH, and concentrations of trace contaminants (metals, chlorinated and petroleum
hydrocarbons, and radionuclides), for the region of both sites are generally lacking. However, it
is highly unlikely that the proposed action will have any demonstrable effect on, or be affected
by, these parameters (see Section 4).

3.2.4.1 Temperature-Salinity Properties

In both study areas, typical temperature vs. depth profiles during summer are expected to
consist of a surface layer of nearly constant temperature tens of meters thick. Beneath the
surface mixed layer is a region of rapidly changing temperatures referred to as the thermocline.
Below the thermocline, the water temperature changes gradually with depth, becoming nearly
constant again. The depth of the surface layer and the degree of vertical temperature and salinity
(density) stratification varies depending on the characteristics and extent of mixing of the various
water masses. Surface temperatures in the vicinity of the Kauai and Johnston Atoll sites average
23'C throughout most of the year (Winn et al., 1993). Temperatures between the surface and
400 m depth range from 23-10°C, decreasing to approximately 5"C at 700 m depth (Winn et al.,
1993).

Waters near Johnston Atoll range in temperature between 25 and 27°C in the upper 100
m of the water column (Wennekens, 1969). The main thermocline is between 100 and 400 m
depth, with temperatures decreasing to nearly 7"C at 400 m. Below 400 m, water temperatures
decrease slowly to approximately 2*C at 2000 m. Salinities within 100 m depth range between
34.6 and 34.8 parts per thousand (ppt), with slightly higher values (slightly >35 ppt) between 100
and 200 m depth. At 400 m depth, salinities reach a minimum value of 34.3 ppt.
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3.2.4.2 Dissolved Oxygen

DO concentrations are important because they can affect the diversity and abundance of
marine organisms. Common features of the DO profiles for 120N Latitude in the North Pacific
are high values (e.g., 4-5 mL/L) close to the surface, a minimum value (e.g., 0-1 mL/L) between
400-500 m, and higher, but still relatively low values at deeper depths (> 2000 m). Although
there are no site-specific information available for DO levels off Kauai or Johnston Atoll, the
values there are likely to follow similar trends.

3.2.4.3 Existing Noise Setting

Ambient noise is the existing background noise of the environment (Greene, 1991). The
following comprise common sources of ambient noise for the study area:

Tidal currents and waves

Wind and rain over the water surface

Water turbulence and infrasonic noise

Biological sources

Human-made sounds (ships, boats, low-flying aircraft).

The ambient noise levels from natural sources are expected to vary according to
numerous factors, including wind and sea conditions, seasonal biological cycles, and other
physical conditions. Noise levels in the project source frequency band can reach 107 dB from
natural sounds alone (Heindsman et al., 1955).

Noise associated with human sources varies with the characteristics of the specific noise
source as well as the distance between the source and the alternate sites. The primary human-
made noise source within the study area is expected to be associated with ship and vessel traffic.
This includes commercial tankers and container ships transiting to and from ports along the
Pacific Rim and the west coast of North America, commercial fishing boats and research vessels,
military surface vessels, submarines, and aircraft. Vessel noise is primarily associated with the
propeller and propulsion machinery. In general, noise levels increase with vessel size, speed, and
load. The following indicate estimated upper bounds of broadband noise levels generally within
the low frequency band (<1000 Hz) (Urick, 1983; Natural Resources Defense Council, 1994):

Super Tankers (approximately 127 at sea at any time) 187-232 dB

Freighters, bulk carriers, large tankers (approximately 23,000 185-200 dB
at sea at any time)
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Tankers, merchant ships (approximately 100,000 at sea at any 155-190 dB
time)

Medium-small motor-powered vessels, including fishing boats 150-160 dB
(hundreds of thousands at sea at any time)

Noise associated with the passage of vessels and low-flying aircraft is expected to be
transient in nature because the sound source typically is moving through the study area. Based
on information contained in the Historical Shipping (HiTS) database, the eastern Pacific major
tanker shipping lanes have been defined (Figure 3.2.4.3-1). The color code on the right indicates
the number of ships per 1000 nm2 (3420 km2) on an instantaneous (snapshot) basis. The average
density of vessels at any time in the vicinity of the proposed action site is:

Merchant Ships: 0.1 to 0.3
Tankers: 0.05 to 0.18
Large Tankers: 0.003 to 0.005
Super Tankers: 0.002 to 0.003

These densities are based on data between April and August over recent years. Figure
3.2.4.3-2 represents an estimate of tanker traffic for February. The monthly variability in ship
densities among the Hawaiian Islands does not change appreciably (i.e., approximately 20-30%).

In 1987, at least 21,325 vessels called at Hawaiian ports, most of which fall in the
categories of commercial fishing boats, tanker/merchant, freighter/large tanker, or super tanker.
Based on these data, an-average of one vessel would be expected to enter or leave a port in
Hawaii every 30 rmin. Thus, a relatively high level of ship traffic can be expected in the vicinity
of the study area. The inclusion of military, recreational fishing, and other medium-small size
vessels can increase transient noise received levels in the study area tol40 dB and higher in the
frequency band of the project source. Vessel movements near the Johnston Atoll alternate site
are as much as 90% less than in the Hawaiian Islands, with a proportionate decrease in ambient
noise levels attributable to such sources.

During the 1994 MMvIRP survey (January through April), a single hydrophone array
monitored ambient noise levels in the water column, at approximately 100 m depth. Spectrum
level noise values of 75.8 dB for Beaufort 2 sea conditions (wave height 0.3-1 m) and 97.6 dB
for Beaufort 6 (wave heights 1.5-2.4 m) were recorded (Frankel, 1994; in press). Vessels passing
within approximately 200-500 m of the hydrophone increased the broadband noise field by up to
22 dB for frequencies < 1000 Hz (97.8-119.6 dB) (Frankel, in press).

The sound frequency and ranging (SOFAR) channel (deep sound channel) corresponds to
the depth range in which the speed of sound is at a minimum. At depths shallower and deeper
than the SOFAR channel, the speed of sound is relatively greater than the channel due to higher
temperatures above and relatively greater pressure below. Because the properties of the channel
are related to temperature structure of the water column, the depth of the SOFAR channel varies
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Figure 3.2.4.3-1 East Pacifc major tanker shipping lanes

(from HITS model, 1994)
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AFFECTED ENVIRONMENT

with location. In the vicinity of the proposed action and Johnston Atoll sites, the SOFAR
channel occurs at depths between approximately 800 and 1000 m.

3.2.5 REGIONAL GEOGRAPHY AND GEOLOGY

Important regional geography and geology features include seismicity and bottom
topography; presence and location of large geologic structures such as submarine canyons and
seamounts; and bottom conditions. No data exist on sediment physical and chemical conditions,
including concentrations of major and trace constituents near the proposed action and alternate
sites. However, the proposed action is not expected to affect or be affected by these sediments
(see Section 4). A discussion of the geographic and geologic characteristics of the proposed
cable mutes is presented in Sections 3.3.9 and 1.1.6.

3.2.5.1 Regional Subsea Geography

The primary divisions of the seafloor are the shore, island shelf, island slope, island rise,
and deep-sea bottom. The shallow, inshore areas (<25 m depth) at the Kauai site are comprised
of a massive reef with outcrops of beachrock which extends for nearly 1 Ikn. The main offshore
reeft which is comprised of coral rubble and coarse sand extends offshore in depths between 25
and 30 m (SSI, 1993). Seaward of the coral rubble, large sand ripples extend offshore for nearly
2200 m at water depths between 30 and 45 m. The exposed reef (between 45 and 67 m depth) is
dissected by frequent surge channels. On the steep shallow slope area (the outer reef between 85
and 215 m depth), the heads of numerous debris flow channels, canyons, and major submarine
slumps are found around the island.

Similar to Kauai, Johnston Atoll consists of coral reef habitats in shallow nearshore areas
(Amerson and Shelton, 1976). A marginal reef, exposed only at low tides, extends for nearly 9
nm (17 kin) along the northwest margin of the atoll. A broad shallow ridge extends from the
west end of the marginal reef, with Johnston, Sand, and Hikina Islands lying on this reef. A
depression (nearly 30 m in depth) of nearly 5 nm' (17 kinm) in area lies in the extreme eastern part
of the atoll. Although no specific information is available on geomorphology offshore of
Johnston Atoll, island shelf and slope habitats extend beyond the main outer reef and would
include the proposed sound source area of this alternate site.

3.2.5.2 Seismicity

Seismic activity in the Hawaiian Islands is concentrated in the vicinity of the active
volcanoes on the island of Hawaii (SSI, 1993). Some earthquakes are related to tectonic
subsidence of the islands, with most of this activity also surrounding the island of Hawaii.
Generally, seismic activity in the vicinity of both Kauai and Johnston Atoll sites is expected to be
minimal.
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3.2.5.3 Bottom Conditions

The sea bottom at the proposed Kauai site is composed of mixed sand, coral, and basalt
throughout Coral and sand predominates in shallow, near-shore waters of less than 100 m depth.
In water depths ranging between 45 and 67 m, the exposed reef is dissected by large sand-bottom
surge channels. Erosion-based basaltic sediments are found as water depth increases, with large
sand ripples on the western edge of the shelf off Kauai (SSI, 1993).

Similar to Kauai, bottom conditions at Johnston Atoll are dominated by coral, sands, and
rubble. The inner reefs are composed of corals and mixed sand, while sandy bottom begins to
predominate beyond the outer reef and into the island shelf and slope areas (Amerson and
Shelton, 1976).

3.3 BIOLOGICAL ENVIRONMENT

This section describes the biological environment within or in the general region of the
alternate sites, depending on data availability. Separate sections are presented on marine
mammals (3.3.1), sea turtles (3.3.2), fish (3.3.3), invertebrates (3.3.4), plankton (3.3.5), seabirds
(3.3.6), threatened, endangered, and special status species (3.3.7), marine sanctuaries and special
biological resource areas (3.3.8), and cable route biota (3.3.9).

3.3.1 MARINE MAMMALS

This section provides information on marine mammals residing in, or passing through,
the study region. Eighteen marine mammal species, including four baleen whales (mysticetes),
sixteen toothed whales (odontocetes), and one pinniped may reside permanently or occur
seasonally to rarely within the region (Table 3.3.1-1). Species in the following sections are listed
first by common and Hawaiian names (when available) and then by scientific names.

Mysticete and odontocete sightings within 35 km of the proposed Kauai site during the
Marine Mammal Research Program (MMRP) aerial surveys during February-March 1993 and
January-May 1994 are presented in Appendix F. Results of these aerial surveys indicate that
humpback whales are one of the most abundant marine mammals in the study area, with a total
of 397 individuals being sighted in 1993. A total of 525 spinner and spotted dolphin (Stenella
spp.) were recorded, as well as 67 pilot whales. Similar results were found during 1994 aerial
surveys by MMRP researchers: a total of 232 humpback whales were observed during these
surveys, with 295 spinner/spotted dolphin, 160 pilot whales, and 82 bottlenose dolphin also
being recorded. Observational data from the two shore stations in 1994, Albatross (SS1) at
Princeville (47 m height), and Kalalau (SS2) on the Kalalau Trail (140 m height) are also
presented in Appendix F. At SS1, 319 humpback pods, totalling over 500 individuals were
observed. At SS2, 382 humpback pods, totalling nearly 700 individuals were recorded.
Additional data on single adults and number of pods with number of adults also is presented.
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Data on marine mammal sightings off Johnston Atoll are limited. Because recent surveys
have not been conducted in the vicinity of Johnston Atoll, most of the occurrences have been
historical observations. Humpback whales have been reported off Johnston Island (Ludwig,
1982; U.S. Army Corps of Engineers, 1983a); however, Johnston is not known as a major
breeding, feeding, calving or otherwise significant biological habitat for any listed, proposed or
candidate endangered or threatened species of mammals (DoI/MMS, 1990).

3.3.1.1 Mysticetes

Four species of baleen whale or kohola (blue, fin, right, and humpback) may occur in the
Kauai study area. However, only one, the humpback, is known to be present historically in
reasonably large numbers and is described in detail herein. Humpback whales (Megaptera
novaeangliae) are abundant in coastal waters of the main Hawaiian Islands from November
through April. Fin whales (Balaenopteraphysalus) and blue whales (B. musculus) could
possibly occur in the area; however, their distribution and abundance in the region is believed to
be uncommon (Balcomb, 1987). Right whales (Eubalaena glacialis) occur rarely in the
Hawaiian Islands area (Herman et al., 1980).

Humpback whales occur worldwide in both coastal and open ocean areas, with estimated
abundances of 10,000-12,000 individuals (NMFS, 1992). They typically migrate between
tropical/sub-tropical and temperate/polar latitudes. The whales occupy tropical areas during
winter months when they are breeding and calving, and polar areas during the spring, summer,
and fall, feeding primarily on small schooling fish and krill (Caldwell and Caldwell, 1983). It is
believed that minimal feeding occurs in wintering grounds, such as the Hawaiian Islands
(Balcomb, 1987; Salden, 1987). Maximum diving depths for humpbacks are approximately 150
m (but usually <60 m) and they may remain submerged for up to 21 win (Dolphin, 1987).

The size of most humpback whale stocks, all of which are endangered, is uncertain. The
eastern North Pacific stock, which migrates from Hawaii and Mexico to Alaska and California,
respectively, is presently estimated at about 3000+ animals. Trends in abundance in the eastern
North Pacific stock off central California indicate upward movement, but this stock has not been
studied well enough to assess status, recovery, or habitat impacts (Calambokidis et al., 1990).

Humpback whales occur off all eight Hawaiian Islands, but particularly within the
shallow waters of the "four-island" area (Kahoolawe, Molokai, Lanai, Maui), the northwestern
coast of the Big Island, and the waters around Niihau, Kauai and Oahu (Figure 3.3.1.1-1) (Baker
and Herman, 1981; Herman et al., 1980; Wolman and Jurasz, 1977). The largest concentrations
of humpbacks in Hawaiian waters can be found on Penguin Bank west of Molokai (Balcomb,
1987). The whales are generally found in shallow water shoreward of the 200 m (approximate
100 fathom) depth contour (Herman and Antinoja, 1977), although Frankel et al. (1989) reported
some vocalizing individuals up to 20 km off South Kohala on the west coast of the Big Island,
over bottom depths of 1400 m. Cow/calf pairs appear to prefer very shallow water less than 18
m (10 fin) (Glockner and Venus, 1983). At Kuili off the Big Island, Smultea (1989) found
significantly more cow/calf pairs in water <55 m deep. Some results suggest that habitat use
patterns of nearshore waters by females and calves near Maui may have changed (decreased),
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potentially due to increasing vessel and other human activities. Estimates of the number of
individuals in the eastern Pacific stock that enter the Hawaiian chain each year range from 500 to
1000 (Baker, 1985; Baker and Herman, 1987). Recent counts made during simultaneous surveys
of the entire chain yielded a direct record of 623 whales in February 1991, and an estimated total
of 1584 individuals (Forestell and Mobley, 1991). Comparisons with 1990 aerial survey data
and earlier series of surveys (1977-80) suggest an increase in the number of whales arriving in
the Hawaiian Island wintering grounds.

During 1993 aerial surveys totaling 840 km of line transects in the proposed study area, a
total of 2 humpback cow/calf pairs were observed (Mobley et al., 1994). Early 1994 aerial
surveys (5868 km of line transects) yielded a total of 4 humpback cow/calf pairs. Shore station
visual observations during January-April, 1994, at two sites on Kauai's north shore over a 100 hr
timeframe covering 10 days, noted 21 cow/calf pairs (Smultea et al., 1994). The aerial and shore
observations of cow/calf pairs are not additive, as in some cases observations were made
simultaneously on the same individuals.

It is not known how many humpback whales of the eastern North Pacific stock transit
through the waters off the north coast of Kauai, although it is clear that some age/sex
segregation occurs, because cow-calf pairs are sighted less often there than in the calving
grounds around Penguin Banks, Kahoolawe, Lanai, and Maui (Cerchio et al., 1991; Mobley et
al., 1991; Mobley unpubl. data, 1993). At least 382 individuals were photographed off Kauai
(entire coast) during 1990 and 1991 (Cerchio, 1992).

During a one month aerial survey effort in February-March, 1993, 62 humpbacks
(including 2 cow/calf pairs) were seen over an 840 km course off Kauai's north shore, equating
to approximately one humpback for every 14 km surveyed (Mobley et al., 1993). During four
months of aerial surveys between January and May, 1994, 226 humpbacks were observed over
5868 km, representing about one humpback for every 26 km flown.

Humpback whales have, on rare occasions, been observed off Johnston Island (Ludwig,
1982; Corps of Engineers, 1983). However, Johnston Island is not known to support breeding or
feeding of this species; thus, the potential for visits to the atoll by humpbacks is low.

Figures 3.3.1.1-2, -3, and -4 depict the densities of humpback whales and their locations
during three MMRP data collection evolutions, two during 1993 and one during 1994. More
details on these research efforts are available in Appendix G of this EIS.

Fin whales, while uncommon in tropical waters, may occur within 200 nm (370 kin) of
Hawaii during winter months, when they disperse throughout the lowest latitudes of their
distribution (Balcomb, 1987). A single fin whale sighting occurred approximately 37 km north
of Kauai in 1994 (Mobley and Grotefendt, 1994). Fin whales commonly travel in herds ranging
from between 6-12 individuals, to nearly 100 or more (Balcomb, 1987). Diving depths for fin
whales may potentially reach 335 m, remaining submerged for nearly 20 min (Scholander, 1940).
They feed on small fish, crustaceans and squid (Caldwell and Caldwell, 1983). No fin whales
have been observed near Johnston Atoll.
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Blue whales have never been observed in the Hawaiian archipelago; however, their range
could overlap the study area. Blue whales are not known to make prolonged deep dives, but may
possibly dive to depths of approximately 200 m, remaining submerged for up to 18 min (Mate et
al., 1992). Blue whales grow to lengths of more than 30 m, feeding primarily on plankton such
as krill (Caldwell and Caldwell, 1983). The range of blue whales also overlaps the Johnston
Atoll region; however, none have been reported near this site.

Right whales can be found in nearshore habitats and bays from the Bering Sea to central
Baja California. A single right whale was observed in 1979 near Maui (Herman et al., 1980).
Right whales are typically observed in temperate and subpolar waters. This species is not known
for making deep dives, with maximum diving depths believed to be less than 200 m (Castro and
Huber, 1992). It is highly unlikely that this species occurs within the Kauai study area. No right
whales have ever been reported in the vicinity of Johnston Atoll.

3.3.1.2 Odontocetes

Sixteen species of toothed whales and dolphins may be found in the Kauai study area.
Table 3.3.1-1 lists some of the most abundant odontocete species expected off the north coast of
Kauai, with their estimated stock values, and explanatory notes on the methodology and
references from which the values were derived.

The following species of odontocetes were sighted in or near the proposed study area
during surveys conducted in 1993 by the University of Hawaii under NMFS permit No. 810:
sperm whales (Physeter macrocephalus), short-finned pilot whales (Globicephala
macrorhynchus), beaked whales (Ziphius cavirostris, Berardius bairdi, and Mesoplodon spp.),
spinner and spotted dolphins (Stenella spp.), bottlenose dolphins (Tursiops truncatus), and
rough-toothed dolphins (Steno bredanensis).

Other species believed to inhabit the study area include pygmy sperm whales (Kogia
breviceps), dwarf sperm whales (Kogia simus), striped dolphins (Stenella coeruleoalba), killer
whales (Orcinus orca), false killer whales (Pseudorca crassidens), pygmy killer whales (Feresa
attenuata), and melon-headed whales (Peponocephala electra). Based on the limited density
data available, it is believed that the population abundances of these species in the eastern
tropical Pacific, including Hawaiian Island coastal waters, are quite small.

Sperm whales, although listed as endangered, are considered to be the most abundant of
the large whale species, numbering an estimated 1,900,000 animals worldwide (Rice, 1989).
Berzin (1971) reported that they are restricted to waters deeper than 300 m, while Watkins
(1977), and Whitehead and Weilgart (pers. comm., 1993) reported that they are usually not found
in waters less than 1000 m deep. When found relatively close to shore, sperm whales are usually
associated with sharp increases in bottom depth where upwelling occurs and biological
production is high, implying the presence of a good food supply (Clarke, 1956). They can dive
to depths of at least 2000 m, and may remain submerged for an hour or more (Watkins, 1993).
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Sperm whales feed primarily on buoyant, relatively slow-moving squid (Clark et al., 1993), but
may also eat a variety of fish (Caldwell and Caldwell, 1983).

Stock definition (i.e., identification of separate stocks) and stock structure (i.e., sex and
age composition associated with future reproductive success) are not well understood in sperm
whales, although well established populations occur in each major ocean basin. There also is
uncertainty about the methods and models used to estimate historical and present abundances
(e.g., IWC, 1988). As such, a full assessment of the status of the individual stocks is not possible
at this time. Table 3.3.1-1 lists the best estimate of sperm whale stock in the Kauai area.

During summer, sperm whales migrate to higher latitudes, with mature males migrating
much farther north than females and younger males. In the Pacific Ocean, females and younger
whales usually remain in tropical and temperate waters (between 40'N and 45*S Latitude [Rice,
1978]), while males continue north to the Gulf of Alaska, Aleutian Islands, and the Bering Sea,
or south to the Antarctic. Females and younger animals may be restricted in their migrations by
an intolerance to low water temperatures. Breeding herds are confined almost exclusively to
warmer waters, and many of the larger males return to lower latitudes in the winter to breed.
Sperm whales in the Pacific Ocean during this time are usually distributed below 401N Latitude.
Historically, sperm whaling grounds in the Pacific south of 400N Latitude were located around
the Hawaiian Islands, among other areas. No sperm whales have been reported near Johnston
Atoll.

False killer whales and pygmy killer whales are found infrequently in Hawaiian waters
during all seasons (Balcomb, 1987). Both species travel in groups of half a dozen to over several
hundred individuals. Prey for these species include many species taken by humans, such as
dolphin fish or mahi mahi (Coryphaena hippurus) and squid. Basd on recent information from
the Vancouver Aquarium, killer whales commonly dive as deep as 100 m and may, on occasion,
dive as deep as 500 m (Ford, pers. comm., 1995). False killer and pygmy killer whales likely are
able to dive as deep as killer whales, but probably no deeper Over 200 individuals were reported
off the Kauai study area during recent MMRP surveys (Table 3.3.1-1). No false killer whales or
pygmy killer whales have been reported near Johnston Atoll.

Pilot whales are among the most ubiquitous and numerous of all cetaceans, occurring
worldwide in all but polar seas (Balcomb, 1987). Off the Hawaiian Islands, the most abundant
pilot whale species is the short-finned pilot whale. This species occurs year-round in Hawaiian
waters in herds of 20-40 individuals, with aggregations of over 100 occasionally observed.
Radiometric studies have shown that these whales can dive to depths of at least 610 m
(Leatherwood and Reeves, 1983), feeding on squid and fish (Caldwell and Caidwell, 1983). A
total of 67 short-finned pilot whales were reported in the Kauai study area during recent aerial
surveys (Mobley et al., 1994). No pilot whales have been reported off Johnston Atoll.

Three species of beaked whales, including Baird's, Blainville's, and Cuvier's beaked
whale occur in Hawaiian waters (Balcomb, 1987). Overall, there is much uncertainty about the
number and seasonal distribution of beaked whales. While it is extremely unlikely to find
Baird's beaked whales around the main Hawaiian Islands, this species has been observed within a
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few hundred kilometers north of the archipelago. Blainville's beaked whales also have been
observed in Hawaiian waters, but are considered rare in occurrence. In recent years, a few
individuals were identified and photographed in Hawaii. The most widely distributed of all
beaked whales, Cuvier's beaked whale, occur year-round in deep offshore Hawaiian waters.
Similar to the other beaked whales off Hawaii, Cuvier's beaked whales have only been observed
and photographed on rare occasions. Most beaked whales are thought to forage offshore in
relatively deep water (Leatherwood et al., 1987; Mead, 1989), diving as deep as 1000 m
(Matsuura, 1943; Pike, 1953; Tomilin, 1957; Balcomb, 1987), feeding on various fish and squid
(Balcomb, 1987). A total of 5 beaked whales were observed during recent aerial surveys in the
Kauai study area (Mobley et al., 1994). Two Cuvier's beaked whales have been reported off
Johnston Atoll, one in 1989 and one in 1990 (Nitta, pers. comm., 1995).

Bottlenose dolphin are probably the best known of all cetaceans due to their inherent
presence around vessels and their high survival rate and adaptability in captivity (Balcomb,
1987). Around Hawaii, there are numerous populations of this species occupying harbors and
coastlines. Bottlenose dolphins feed on a wide variety of fish, squid, shrimp, and crab (Caldwell
and Caldwell, 1983). They can dive to maximum depths of up to 535 m, remaining submerged
for up to 8 min (Kanwisher and Ridgway, 1986).

Spinner dolphin (Stenella longirostris) are found in tropical oceans throughout the world
(Balcomb, 1987). In Hawaiian waters, they gather in large herds at night, offshore and in deep
channels between the islands, for feeding. They disperse during the day into smaller groups and
move into nearshore resting habitats (Balcomb, 1987). A total of 525 spinner dolphin were
reported during recent aerial surveys in the Kauai study area (Mobley et al., 1994). Feeding

- habits and diving depths of this species are largely unknown, but it is unlikely they dive deeper
than bottlenose dolphin (535 In).

Rough-toothed dolphin are relatively common in the vicinity of the Hawaiian Islands in
offshore waters, typically occurring over bottom depths greater than 500 m (Balcomb, 1987).
This species usually travels in groups of 3-4 individuals with sometimes many small groups
utilizing one area. Rough-toothed dolphin feed primarily on pelagic invertebrates, such as squid
and octopus (Caldwell and Caldwell, 1983). Only 35 rough-toothed dolphin were reported in the
Kauai study area during recent aerial surveys (Mobley et al., 1994). This species is probably
capable of diving to relatively moderate depths (e.g., 300 m), based on the type of prey
consumed (Balcomb, 1987).

Several species of spotted dolphin inhabit tropical oceans and seas worldwide (Balcomb,
1987). In the vicinity of the Hawaiian Islands, the most common species of spotted dolphin is
Stenella attenuata. These dolphins travel in large herds, sometimes exceeding 1000 individuals.
They feed primarily in offshore waters on squid and fish (Balcomb, 1987; Caldwell and
Caldwell, 1983), and probably are able to dive to moderate depths (e.g., 300 in).

Although little site-specific information exists on most of the above dolphin species in
the vicinity of Johnston Atoll, it is likely that some of these species are present in offshore waters
near the atoll. In fact, the Hawaiian Marine Mammal Stranding Network indicates there are at
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least two records of stranded beaked whales ( Cuvier's) on Johnston Island, one in March, 1989
and one in November, 1990 (Nitta, pers. comm., 1995).

3.3.1.3 Pinnipeds

The Hawaiian monk seal or ilio-holo-i-ka-uaua (Monachus schauinslandl) occurs only in
the Hawaiian Islands, where its greatest distribution is in the small, mostly uninhabited chain of
islands and atolls stretching 1100 nm (2037 kin) northwest of the main Hawaiian Islands, most of
which are included in the Hawaiian National Wildlife Refuge (Tomich, 1986; USFWS, 1984).
This is the only pinniped species known to occur within the general study region. Monk seals
are reported from around the main Hawaiian Islands (USFWS, 1984). They tend to stay near
land (Tomich, 1986), and small numbers (1-4) are regularly seen around Kauai and each of the
other main Hawaiian Islands (Nitta, pers. comm., 1995). There is a small undetermined
population on Niihau. Most pups are born between March and May, but pupping has been
recorded year-round (U.S. Dept. of Commerce, 1986). A single female gave birth to a female
pup on the north coast of Kauai in 1988 (Reeves et al., 1992) and a pup was born in the Poipu
Beach area during the summer of 1989 (Naughton, pers. comm., 1990a). There were three monk
seal sightings on Kauai in 1993 (Anahola, Kipu Kai, and Kapaa). One monk seal was observed
off the north shore of Kauai during recent shore-based MMRP surveys (Smultea et al., 1994).
Virtually nothing is known about the distribution and movement patterns of this species when
they are at sea (Gilmartin, 1983; U.S. Dept. of Commerce, 1986).

Counts of Hawaiian monk seals have been made since the late 1950s at the atolls, islands,
and reefs where they haul out on the northwest Hawaiian Islands (NMFS, 1991). In 1982, the
highest count for all atolls was about 50% of those made in 1957-58. NMFS (1991) estimates
that currently the monk seal population is slightly more than 1000 animals. By most recent
counts, it appears that the population is declining at about 5%/yr (Ragen, pers. comm., 1995).
However, based on data collected at the five major haul-outs, the number of births recorded in
1990 declined by 23% from the average annual levels recorded between 1983 and 1989 (NMFS,
1991).

At the breeding islands, monk seals feed on octopus, spiny lobster, eels, bottom fish, and
reef fish (Rice, 1960; Gilmartin, 1983). Limited data on diving patterns indicate that for adult
males about half of their foraging activity is shallower than 35 m (NMFS, 1991); however, recent
time-depth recorder information from a tagged monk seal revealed that it dove to at least 500 m
(Ragen, pers. comm., 1995).

The first Hawaiian monk seals recorded outside of the Hawaiian Islands appeared on
Johnston Atoll in 1968 and 1969. The first record was a pup observed in March, 1968 that
remained on the atoll until late December. During this time it was reported on nearly every part
of the atoll but returned to sleep near the Navy docks on Johnston Island (Schreiber and Kridler,
1969). In January, 1969, an untagged adult female hauled out on a protected beach on Sand
Island and gave birth to a female pup. The two animals were tagged and remained near the beach
until early March, when the adult disappeared. The pup remained until 1971, when it died from a
deep flesh wound, presumably from a shark attack.
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Although Hawaiian monk seals breed primarily at Laysan Island, Lisianski Island, and
Pearl and Hermes Reefs (Tomich, 1986), they are also known to use the Midway Islands, among
other northwest Hawaiian Islands (USFWS, 1984).

3.3.2 SEA TURTLES

Leatherback and hawksbill sea turtles are federally listed as endangered, while green and
olive ridley sea turtles are federally listed as threatened species and, thereby, protected by the
ESA (1973).

Five species of sea turtle occur in the Pacific Ocean near the Hawaiian Islands: the green
turtle or honu (Chelonia mydas), loggerhead (Caretta caretta), leatherback (Dermochelys
coriacea), hawksbill or ýa (Eretmochelys imbricata), and olive ridley (Lepidochelys olivacea).
Hawksbills and leatherbacks are listed at the federal and state levels as endangered (DLNR,
1993). Olive ridley and green turtles are listed as threatened at the federal and state levels
(DLNR, 1993), with the exception of Mexican breeding populations that are considered
endangered. Balazs et al. (1992) suggested that olive ridleys occurring in Hawaiian waters are
likely derived from the Mexican breeding populations, and therefore should be considered
endangered. Loggerheads are rare in Hawaiian nearshore waters, with only four documented
occurrences: two juveniles from the southeastern part of the archipelago, one juvenile removed
from the stomach of a tiger shark captured near Kure Atoll, and one adult female sighted near
Oahu (Eckert, 1993). This species is not on the State of Hawaii list of threatened and endangered
species and therefore, detailed information is not presented.

The distribution of each species has been determined from one or more of the following:
1) observations of adult females emerging to nest on beaches and/or adult males basking on
beaches or other substrates; 2) observations of turtle tracks, hatchlings, or egg shells on beaches;
3) reports of incidental capture by commercial fisheries; 4) incidental observations by fishermen
or other mariners; 5) mark-recapture studies of adult females; and 6) radio (VHF) and satellite
(UHF) telemetry studies of adult males and females. All four species have worldwide extensive
ranges. However, genetic analysis of sea turtles has revealed in recent years (i.e., many
published accounts) that discrete non-inter-breeding stocks of sea turtles make up these
"worldwide extensive ranges" of the various species. It is generally believed that all sea turtle
species spend the first few years of their life in pelagic waters, occurring in driftlines and
convergence zones, where they find refuge and food in the items that accumulate in surface
circulation features (Carr, 1986, 1987). The most accurate abundance estimates in the study
region are for adult female green turtles and hawksbills that nest annually on Hawaiian beaches.
Leatherbacks and olive ridleys do not nest regularly, or in great numbers, in the Hawaiian
Islands, and loggerheads do not nest in the Hawaiian Islands at all.

The green turtle is considered the most abundant sea turtle in Hawaiian waters. Its
population consists of an estimated 1400 adult females (Balazs et al., 1993). Green turtles tagged
in the Hawaiian Archipelago rarely are recaptured or observed elsewhere. Notable exceptions
are Johnston Atoll, over 800 km to the southwest (NMFS, 1992); and two recoveries in the
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western Pacific (one in Japan and one in the northern Philippines) (Balazs, 1983). The lack of
recaptures, in addition to research concluding Hawaiian green turtles are genetically distinct
(Bowen et al, 1992), suggests that these turtles are essentially restricted (or geographically
limited) to this area of the Pacific Ocean.

Green turtles primarily occur in coastal waters, where they forage on algae and seagrass
(Balazs, 1980; NMFS/SWFSC, 1993), suggesting they are limited to the photic zone (i.e., upper
water column, from the oceanic surface to 150-300 m) surrounding islands and continents.
Because this species feeds in the photic zone and prefers warmer water temperatures, they are not
expected to dive regularly to depths greater than 200-300 m (beyond the photic zone). During
the breeding season, adult green turtles undertake long distance, oceanic migrations from feeding
areas located throughout the Hawaiian Archipelago and Johnston Atoll, to nesting beaches at
French Frigate Shoals, Laysan Island, Lisianski Island, Pearl Reef and Hermes Reef, Kure Atoll,
and Midway Island (Balazs, 1980; Balazs et al., 1992; Balazs, 1993). Four postnesting female
green turtles were fitted with satellite transmitters to monitor their migrations from French
Frigate Shoals (Balazs, 1994). All four turtles migrated to Oahu, with three of them traveling
south of Kauai, over open ocean. The fourth migrated along the chain of islands, swam toward
the southern edge of Kauai, traveled north along the east coast, and then veered off towards Oahu
(Balazs, 1994). These are the only green sea turtles that have been tracked and none of them
were "Kauai" turtles (i.e., turtles that returned to resident foraging pastures on the island of
Kauai). The nearshore waters of Kauai, especially the north shore area, are important habitats for
post-pelagic subadult and adult green turtles (Balazs, 1980, 1983). It would be worthwhile to
know what migratory pathways are followed by adult turtles moving between Kauai and French
Frigate Shoals. Some answers are expected when transmitters are deployed on 2-3 turtles during
the breeding seasoxn at French Frigate Shoals during the June-August 1995 timeframe (Balazs,
pers. comm., 1995).

Green turtle breeding may occur along oceanic migration routes, but appears to be most
concentrated at nearshore nesting beaches from mid-April through early June (Balazs, 1980;
Balazs et al., 1992). Approximately 90% of green turtle nesting in the Hawaiian Islands occurs
at French Frigate Shoals, with an estimated 100-250 animals laying eggs along the shore
annually between May and September. Average age at first reproduction in the Hawaiian Islands
has been estimated to be 25 yrs (Balazs et al., 1992). From July through October, the hatchlings
emerge from nests and swim offshore, where they tend to accumulate in surface driftlines.
Juvenile and sub-adult green turtles (35-82 cm carapace length) are abundant nearshore Hawaii,
Maui, Kahoolawe, Molokai, Oahu, Kauai, and Niihau Islands (NMFS/SWFSC, 1993). Adults
are benthic herbivores, suggesting that they are restricted to photic zones (i.e., upper oceanic
surface layer through which light may penetrate, corresponding to water depths ranging from the
surface to approximately 150 m) surrounding islands and continents. Because green turtles feed
in the photic zone and prefer warm water temperatures above 15'C (Eckert, pers. comm., 1994),
they are not expected to dive regularly to depths greater than 200 m (beyond the photic zone).
This species is reported as a relatively regular visitor to Johnston Atoll, being observed in the
shallow lagoon areas, as well as in offshore habitats (Amerson and Shelton, 1976).
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Juvenile, sub-adult, and adult hawksbills occur in Hawaiian waters, but are
uncommon. Hawksbills generally are associated with coral reefs or other hard substrate areas,
where they forage primarily on sponges (Meylan, 1988). An estimated 12 hawksbills nest on
Hawaii and Molokai each year from July through November (Balazs et al., 1992). Hawksbill
migration routes are unknown. No hawksbill turtles have been reported in the vicinity of
Johnston Atoll.

Adult leatherbacks are commonly sighted in the Pacific Ocean near the Hawaiian
Archipelago, primarily over deep, oceanic waters (Thoulag, 1993; Wetherall, 1993), where they
forage on jellyfish and other gelatinous pelagic invertebrates (Leary, 1957; Mortimer, 1981; den
Hartog and Van Nierop, 1984) at depths that sometimes correspond with the deep scattering
layer (Eckert et al., 1989). This species has been recorded to dive (two occasions) to depths
exceeding 1000 m. However, Eckert et al. (1986) reported that the average diving depth and
duration of dives for leatherbacks were approximately 62 m and 10 min/dive, respectively.
Leatherbacks undertake extensive migrations (Pritchard, 1976), following depth contours
(Morreale et aL, 1993) for hundreds, or even thousands, of kilometers. Females may nest at
several beaches, spatially separated by hundreds of kilometers, within a nesting season.
Migratory and reproductive information on leatherbacks, in addition to preliminary results from
genetic studies (Dutton, pers. comm. 1993), suggests that they are wide-ranging and not
restricted to any one region. There has been an alarming decline in the number of nesting
females in Maylasia (1950: 1800 females; 1987: 100 females)(Marquez, 1990). Leatherbacks do
not nest regularly in the Hawaiian Islands, although there is one report of an unsuccessful nesting
attempt on Maui, and one unconfirmed nesting on Kauai (Eckert, 1993). No leatherback turtles
have been reported in the vicinity of Johnston Atoll.

Olive ridleys are not common in Hawaiian waters, although they are the most abundant
sea turtle in the eastern Pacific Ocean (Pitman, 1990). They are nomadic migrants that swim
hundreds to thousands of kilometers during migrations (Marquez, 1990), foraging on salps,
tunicates, pelagic crustaceans, and other invertebrates (Fritts, 1981; Mortimer, 1981). Olive
ridleys spend a large portion of their time at the surface (Byles and Plotkin, 1993; Pitman, 1993),
but have been reported to dive to depths of nearly 300 m in the Sea of Cortez (Eckert, pers.
comm., 1994). Post-nesting females can travel over 9000 km in 16 months. The reproductive
cycle is nearly annual with greater than 60% of the females nesting every year (Eckert, 1993).
However, very little is known about the behavior and movements of males (Eckert, 1993).

Most records of this species in Hawaiian waters are of sub-adults stranded after becoming
entangled in ocean debris or discarded fishing gear (Balazs, 1985), or captured incidentally by
pelagic longline fisheries. There is only one report of a successful nesting in the Hawaiian
Islands region, on Maui (Balazs and Hau, 1986). No olive ridleys have been reported in the
vicinity of Johnston Atoll.

Table 3.3.1-1 provides estimates for the potential stocks of these five sea turtle species in
the area off the north coast of Kauai.
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3.3.3 FISH

Hawaiian waters are comprised of a broad range of onshore to offshore habitats, from
sandy beaches and rocky tidepools, to coral reefs and submerged basaltic terraces and banks, to
pelagic and soft substrate ecosystems. Diverse coral reef and nearshore reef fish, deepwater
demersal (bottomfish), and migratory pelagic fish (those. that spend part or all of their lives in the
water column) are characteristic of these habitats. Epipelagic (surface to approximately 200 m
depth), mesopelagic (between 200 and 1000 m), and bathypelagic (>1000 m depth) zones also
support a wide variety of fish species, including some which are important components of the
Hawaiian Islands commercial and sport fisheries. Section 3.3.3.1 discusses some of the common
demersal (bottom-dwelling) species on nearshore and offshore areas in the vicinity of Kauai and
Johnston Atoll. Common epipelagic, mesopelagic, and bathypelagic species are discussed in
Section 3.3.3.2.

3.3.3.1 Demersal Species

Demersal fish are defined as those species living on or near the sea floor. Nearshore
habitats and reef fish from approximately 0 to 50 m depth off the north shore of Kauai were
described in 1980, as part of the EIS for the Princeville community development (Grigg and
Dollar, 1980). Surveys were conducted from Haena Point to Kilauea Lighthouse (Figure 1.1.5-
3). Similar to other islands within the Hawaiian Archipelago, rough basaltic substrates off north
Kauai support a diverse tropical reef fish fauna (Grigg, 1993). Common nearshore demersal fish
families observed off north Kauai include squirrelfish (Holocentridae), snappers (Lutjanidae)
such as Onaga, Ehu, Opakapaka, and Ta'ape, goatfish (Mullidae) such as Weke, -Weke-ula,
Kumu, Maono, and Moano Kea, and sea chubs (Kyphosidae) (Grigg and Dollar, 1980). The
primary diet for most of these species include crustaceans and other benthic invertebrates
associated with rock and coral rubble bottoms (Hobson, 1974).

During fish spawning seasons, the northeastern to southern coasts of Kauai support
abundant and diverse nearshore reef fisheries (Smith, 1993). The most common fish species
include bigeye scad or Akule/Hahalalu, mackerel scad or Opelu, goatfish such as white/green
Weke, and squirrelfish or U'u. Although abundance and biomass data are not available for these
species, the nearshore reef study area community probably has relatively high fish densities.
Additional fish families that contribute to the relatively high diversity include damselfish
(Pomacentridae), wrasses (Labridae), parrotfish (Scaridae), surgeonfish (Acanthuridae), and
mackerel jacks (Carangidae) (Grigg and Dollar, 1980).

Deepwater demersal fish assemblages between 50 and approximately 400 m depths on
offshore banks and the deep-reef slopes off Kauai are dominated by snappers and grouper
(Serranidae) such as Hapu'upu'u. Densities in these areas are probably relatively high, and
deepwater snapper in Hawaii have been commercially exploited since the early part of the
century (Haight et al., 1993). Similar to other shelf and slope communities throughout the
Pacific ocean, fish densities and biomass decrease as depth increases. Rattails (Macrouridae) and
cod (Moridae) are dominant residents of the deepwater complex (including the bathypelagic

3-26



AFFECTED ENVIRONMENT

zone), and comprise the highest biomass in this area. These species feed on a variety of prey,
including krill, shrimp, crabs, and small fish (Love, 1991).

The deep-sea benthic fish of the Hawaiian Archipelago, in*cluding Johnston Atoll are
described by Chave and Mundy (1994). More than 250 benthic fish species were photographed
and videotaped by Hawaii Undersea Research Laboratory (HURL) submersibles
at depths ranging between 40 and 2000 m. Most of the species observed occurred close to hard
substrates, holes, ledges, or caves. Large schools of fish were observed over sand-bottom
habitats in troughs when the bottom currents were strong. Chave and Mundy (1994) found 51
species restricted to Johnston Atoll, with a rapid decrease in diversity from 200 to 400 m. The
deepest species observed were rattails, halosaurids, and congrids (conger eels).

3.3.3.2 Pelagic Species

The surface waters of the ocean to depths of nearly 200 m (epipelagic zone) represent an
enormous, although relatively featureless, habitat for fish (Moyle and Cech, 1988). Epipelagic
waters are typically well-lighted, well-mixed, and capable of supporting actively
photosynthesizing algae. At depths between 200 and approximately 1000 m (mesopelagic zone),
light decreases rapidly, as does temperature and dissolved oxygen concentrations, while pressure
increases. At depths greater than 1000 m (bathypelagic zone), conditions are characterized by
complete darkness, low temperatures, low oxygen concentrations, and great pressure. Each of
these zones is distinguished by characteristic fish assemblages.

Epipelagic fish can be distinguished based on two ecological types. Ocean forms are
those that spend all or part of their life in the open ocean, while neritic forms spend all or part of
their life in shallower waters of the island shelf and island offshore areas (Moyle and Cech,
1988).

Hawaii's pelagic fisheries are relatively small in comparison with other Pacific pelagic
fisheries (NMFS, 1991), but comprise a large proportion of the commercial and recreational
catch in the state (Pooley, 1993). Off Kauai, higher total landings, including yellowfin tuna or
Ahi, are taken on the leeward (southwestern) side of the island (Smith, 1993). Other common
epipelagic fish species found off Kauai include jack fish (primarily Caranx spp.), bigeye scad,
and mackerel scad.

The larger migratory pelagic fish that comprise a substantial part of Hawaii's
commercial, recreational, and sport and game fish fisheries include Ahi, albacore (Thunnus
alalunga), skipjack tuna or Aku (Katsuwonuspelamis), blue marlin or A'u (Makaira nigricans),
striped marlin or A'u (Tetrapturus audax), broadbill swordfish or Shutome (Xiphias gladius),
dolphinfish or mahi mahi (Coryphaena hippusus and C. equiselis), wahoo or Ono
(Acanthocybium solandri), shortbill spearfish (Tetrapturus angustirostris), sailfish (Istiophorus
platypterus), and black marlin (Makaira indica). Abundance data are not available for most of
these species. However, additional information on their contribution to Hawaii's fisheries is
discussed in Section 3.4.1.
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Most mesopelagic fish species undergo vertical migrations, often moving into the
epipelagic zone at night to prey on plankton and other fish (Moyle and Cech, 1988).
Mesopelagic species found in Hawaiian waters are similar to those found in other areas of the
Pacific. For example, lanternfish (Myctophidae), a common mesopelagic fish family, is
represented in the Hawaiian waters by a variety of species including the Honolulu lanternfish
(Myctophum holland4. Other species likely include bristlemouths (Gonostomatidae) and some
deep-sea smelts (Bathylagidae).

In contrast to mesopelagic fish, bathypelagic species are largely adapted for a sedentary
existence in a habitat characterized by low levels of food and no light (Moyle and Cech, 1988).
Most of the species occupying the bathypelagic zone also cross into the mesopelagic zone during
diurnal vertical migrations. At depths greater than 1000 m, bathypelagic species likely to occur
in Hawaiian waters include blackdragons (Idiacanthidae), dragonfish (Melanostomiidae), and
tubeshoulders (Searsiidae).

In addition to the most common pelagic species described above, several shark species
are common inhabitants of the nearshore and offshore waters off Kauai and in the vicinity of
Johnston Atoll. Sharks are a diverse group, occupying shallow and deep water habitats
worldwide.

Sharks and other species have been an important aspect of Hawaiian culture. For
example, the Hawaiian dictionary lists nine Hawaiian Gods that were associated with sharks,
with some being revered as influential spirits important to specific geographic areas (Taylor,
1993). Further, it was believed-that under certain conditions a deceased relative could be
reincarnated in the form of a specific shark known by a special name (Taylor, 1993). For
example, a shark could be a guardian spirit or aumakua, or a fishing helper or unihipili.

Some of the most common shark species include pelagic requiem sharks (Carcharhinidae)
or mano, thresher sharks (Alopiidae) such as the pelagic thresher mano' ula or laukahi, and
mackerel sharks (Lamnidae) such as the great white shark or niuhi (Carcharodon carcharius)
(NMFS, 1991). Tiger sharks or niuhi (Galeocerdo cuvier) occur in the Kauai study area; having
an ecologically important role as apex predator in the offshore pelagic and deep reef ecosystems.
While great whites occur mainly in continental and island inshore waters where their main prey
items occur, they have been taken at depths over 1400 m (Love, 1991). In contrast, tiger sharks
consume mainly vertebrates, such as sea turtles (Taylor, 1993), but also select various
invertebrates such as lobster and squid.

Pelagic requiem sharks such as various species of gray shark are the most common sharks
in the Hawaiian waters. The gray shark most often encountered around Hawaiian reefs is the
sandbar shark (Carcharhinus milberti) or mano (Hobson and Chave, 1990). These occur in
relatively shallow waters and prey on a variety of reef fish (Taylor, 1993). Other species of
sharks, including the whitetipped reef shark (Triaenodon obesus) and some species of
hammerhead sharks, such as the scalloped hammerhead (Sphyrna lewini) or manokihikihi and
the smooth hammerhead (S. zygaena) are abundant near reefs and in deeper offshore areas
throughout the Hawaiian archipelago (Hobson and Chave, 1990) and contribute significantly to
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the offshore longline fishery (Taylor, 1993). Most of these species feed on various fish and
invertebrates, occupying relatively shallow nearshore waters (e.g., less than 100 m). Thresher
sharks are found near Kauai and Johnston Atoll and are taken commercially in the vicinity of the
main Hawaiian Islands, including Kauai. This species ranges in depth from the surface to nearly
150 m (Taylor, 1993).

Specific information on shark species near Johnston Atoll is not available. However,
similar species to Hawaii are likely to inhabit nearshore and offshore areas there.

3.3.4 INVERTEBRATES

Site-specific information on the distribution and abundance of infauna (those organisms
living within the soft-bottom sediments), demersal epifauna (those organisms living in contact
with the sea floor, either on soft- or hard-bottom), and pelagic invertebrates is limited for the
study areas. In general, information available on the Hawaiian Islands is expected to be similar
for the proposed action and Johnston Atoll sites.

3.3.4.1 Benthic Infauna

Benthic infaunal communities, defined generally as small invertebrates such as
polychaetes (marine worms) and amphipods (small crustaceans) living within the sediments, are
described by a number of parameters, such as faunal composition (which species are present),
dominant taxa (which species are most abundant), density (number of individuals), diversity
(number of different species relative to the total number of individuals), species richness (number
of species), and community assemblage patterns (which species- are usually found together in a
sample, or how similar the samples are to each other). No site-specific data are available for the
Kauai or Johnston Atoll study areas. However, similar to soft-bottom island shelf and slope
habitats throughout the world's oceans, benthic infaunal communities off Kauai are likely
dominated by polychaete worms.

Similar to Kauai, little information exists on invertebrate species at Johnston Atoll.
However, an earlier study by Amerson and Shelton (1976) indicates that Johnston Atoll may
serve as a unique "filter bridge" between the south-central (Polynesian) and western
(Micronesian) Pacific fauna and the Hawaiian fauna. Based on collections housed at the
National Museum of Natural History, 12 species of polychaetes, belonging to eight families have
been collected from lagoons at Johnston Atoll. Predominant families include Cirratulidae,
Eunicidae, Polynoidae, Phyllodocidae, Nereidae, Leodicidae, and Leodocidae (Amerson and
Shelton, 1976).

3.3.4.2 Demersal Epifauna

The most visible invertebrate fauna on Hawaiian reefs are stony corals, including many
reef-forming species (Hobson and Chave, 1990) that are key contributors to nearshore biological
structure and diversity off Kauai as elsewhere in Hawaii. Dominant, commercially unexploited
coral genera include Tubastrea, Porites, Montipora and Payona. Coral species have specific
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habitat requirements, including a firm (rocky) substratum free of sediment and moderate to
strong currents. Most precious coral species are found in deeper waters of the euphotic zone
(350 1500 m depth) (Grigg, 1993). Light and temperature appear to influence larvae more than
adults.

Precious corals have been collected extensively throughout the Hawaiian Islands and
tropical oceans and are used for fabrication of coral jewelry (Grigg, 1989). Historically, the
precious coral fishery in Hawaii and the Western Pacific has consisted of one industry but two
distinct and separate fisheries (Grigg, 1993). One fishery consists of harvesting black coral by
scuba divers at depths between 30 and 100 m. The second is the harvesting of pink and gold
corals at depths between 400 and 1500 m by submersibles with tangle net dredges. Currently,
there is no pink or gold coral fishery in Hawaii (Grigg, pers. comm., 1994). However, a small
fishery still exists for black coral off Maui and the western and southern areas off Kauai. Since
their discovery in 1958, black coral (Antipathes spp.) have comprised a major part of the
commercial coral harvest For example, total harvest biomass of black coral by Maui Divers of
Hawaii, Ltd, ranged from 78 kg in 1982 to 1740 kg in 1991 (Grigg, 1993).

No site-specific information exists for other invertebrate species off Kauai, such as
bivalve molluscs and barnacles. However, bivalve species that likely are common in Hawaiian
waters (including the Kauai study area) include clams (e.g., Calyptogena spp.), pearl oysters
(e.g., Pinctada radiata), and mussels (e.g., Mytilus spp.). Various small gastropod molluscs,
such as limpets (particularly the opihi ) and cowries, also are prominent members of the
invertebrate community on other Hawaiian Islands and likely have similar communities near
Kauai and Johnston Atoll, with their known distribution largely in intertidal areas.

- Crustaceans, such as crabs and shrimp, also are dominant on or near reefs. Some of the
most common Hawaiian reef shrimp include the spiked prawn (Savon marmaratus) and banded
coral shrimp (Stenopus hispidus) (Hobson and Chave, 1990). Deepwater pandalid shrimp are
found throughout the tropical and subtropical Pacific (King, 1984; Moffit and Polovina, 1987).
Studies in Hawaii have shown that other shrimp species, such as Heterocarpus laevigatus and
some smaller, more shallow dwelling species, H. ensifer, occur at depths ranging between 350
and 825 m (Struhsaker and Aasted, 1974).

A large number of commercially important crustaceans may occur in the general study
area (see Section 3.4. 1). Spiny lobsters (Panulirus argus) and slipper lobsters (Scyllarides
squammosus) are found primarily in the northwest Hawaiian Islands, including Kauai, and are
not considered abundant in the main Hawaiian Islands area. Abundances of these species have
dropped substantially since 1989, likely due to overexploitation. Preliminary research suggests
that annual variation in current flows along the Hawaiian ridge may also contribute to the
variable abundances of these species (NMFS, 1992). Other species taken by handlines and
casting nets on nearshore reefs and in embayments include the spinner crab or Kona Crab
(Ranina ranina) and the white crab or Kuahonu Crab (Portunus sanguinolentus). MMS (1987)
indicated that no commercial or recreational fishing activities occur off Johnston Atoll.
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Some of the most conspicuous animals on Hawaiian reefs include echinoderms, such as
sea urchins, sea stars, and sea cucumbers. Three of the most common urchin species, including
Diademapaucispinum, Echinothrix calamaris, and E. diadema, are occasionally collected for
food (Hobson and Chave, 1990). Other urchin species which are common and abundant on
shallow reefs include the pencil urchin (Heterocentrotus mammillatus), short-spined urchin
(Echinometra mathaez), and the black sea urchin or wana (Diadema paucispinum).

Sea stars also are prominent members of the Hawaiian reef community. Species likely to
occur in the study area include several species of Linckia, as well as the crown of thorns
(Acanthaster planci). During recent decades, the crown of thorns has appeared in exceptionally
large numbers at various locations throughout the Pacific Ocean, where it has done extensive
damage to local reefs. Thus far, there is no indication that this species is an unusual threat to
Hawaiian reefs (Hobson and Chave, 1990).

Sea cucumber species likely to occur within the Kauai and Johnston Atoll study areas
include Holothuria atra, Stichopus horrens, Euapta godeffroyi, and Opheodesma spectabilis
(Hobson and Chave, 1990). These species inhabit a variety of habitats, including rocky reefs,
sandy bottoms, and protected bays.

3.3.4.3 Pelagic Invertebrates

Pelagic invertebrates include those species capable of movement throughout the water
column and/or just above the bottom. Some of these species migrate over a wide variety of
depths, including epipelagic, mesopelagic, and bathypelagic zones. Squid species collected at
depths between 200 m and 500 m include representatives from the families Chiroteuthidae,
Cranchiidae, Enoploteuthidae and Sepiolidae. The following genera are likely to occur in the
water column offshore of Kauai and Johnston Atoll: Abralia, Chiroteuthis, Heteroteuthis,
Histioteuthis, Hyaloteuthis, Liocranchia, Megalocranchia, Onychoteuthis, and Pyroteutis (Reid
et al., 1991). Common squid generally are open ocean predatory species.

In addition to the above pelagic invertebrates, a number of pelagic shrimp species are
found in the waters off Kauai and Johnston Atoll, some having commercial value. One
deepwater species Ono Shrimp (Heterocarpus laevigatus) is taken by commercial and
recreational fishermen over shelf and slope habitats including southwestern areas off Kauai
(Smith, 1993). It is unlikely that Ono are taken off Johnston Atoll (see section 3.5.1).

Many species of pelagic invertebrates are components of the deep scattering layer (DSL).
Ingmanson and Wallace (1973) described the DSL as a layer of living organisms, ranging from
almost microscopic zooplankton to copepods, shrimp, and squid. This layer is present at
different depth ranges during the day (between 300 and 500 m) and night (sometimes near the
surface) (Castro and Huber, 1992). Many species occupying the DSL are "vertical migrators"
such as zooplankton and certain fish species that utilize this dense layer as a food source.
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3.3.5 PLANKTON

Plankton are free-floating organisms that typically drift with ocean currents, in contrast to
actively swimming species such as fish. In general, plankton can be divided into three broad
categories: 1) phytoplankton, representing single-celled plants that are capable of photosynthesis
and which form an important base for many marine systems; 2) zooplankton, which include
animal that are a primary link in many food webs between phytoplankton and larger marine
organisms such as fish, seabirds, and marine mammals; and ichthyoplankton, which are larval
fish. Zooplankton includes animals that remain planktonic throughout their life (holoplankton)
as well as larval stages of benthic invertebrates (meroplankton) and fish (ichthyoplankton).
Plankton distributions are characterized by high spatial patchiness, strong seasonal and
interannual variation, and direct responses to oceanic circulation (McGowan and. Miller, 1980).
General patterns of coastal circulation are influenced by local topography and wind fields, and
can change considerably on time scales of a few days (Breaker and Mooers, 1986), thereby
contributing to the high variability in plankton communities.

In coastal and offshore environments, phytoplankton will be limited in distribution from
the sea surface to approximately 100 m depth, corresponding to the effective range of light
penetration for photosynthesis. In contrast, zooplankton can occur throughout the depth range
from surface to bottom.

Site-specific information on the production, abundance, and species composition of
plankton communities is not available for the study areas. However, a general description of the
plankton communities in the vicinity of the Hawaiian Islands, including Johnston Atoll, is
summarized in the following sections and is thought to be representatiVe of the study areas.

3.3.5.1 Phytoplankton

The predominant members of the phytoplankton community are diatoms,
silicoflagellates, coccolithophores, and dinoflagellates. Three parameters commonly used to
describe phytoplankton communities are: 1) productivity, reflecting the amount of new plant
material formed per unit of time; 2) standing crop, representing the amount of plant material
present, usually expressed as concentrations of chlorophyll or cell numbers; and 3) species
composition.

The most frequently used method for estimating the standing crop (e.g., total abundance)
of phytoplankton is to extract and measure the amount of photosynthetic pigments such as
chlorophyll a and other phaeopigments in seawater samples (Valiela, 1984). Mean standing crop
values for a site off Oahu were approximately 500 organisms wet weight per 100 m2 between 0
and 400 m depths at night (Maynard et al., 1975). However, possibly due to an island effect,
these data did not appear to be representative of open ocean systems. Previous studies in the
vicinity of the Hawaiian Islands.have found increased standing stock with increased distance
from the island. In Hawaiian waters, productivity and standing stock values are highest between
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100 and 400 m depth (Amesbury, 1975). Thus, considerable temporal and spatial variability
occurs in the upper portions of the open ocean Hawaiian waters (Cattel and Gordon, 1971).

Letelier et al. (1993) describe phytoplankton community structure at an offshore station
north northwest of Kauai. Species composition at this site was dominated by Prochlorococcus
spp., cyanobacteria, prymnesiophytes, and chrysophytes. Although chlorophyll a values
increased in spring at this site, no single phytoplankton species was predominant

3.3.5.2 Zooplankton

Copepods and euphausiids, an important food source for many organisms, including
juvenile fish, dominate the holoplankton in terms of numbers and biomass, although thalacians
(salps), chaetognaths (arrow worms), and pelagic molluscs also are abundant. Common species
in the Hawaiian Islands and Johnston Atoll include the mesopelagic mysid shrimp,
Gnathophausia longispina, copepods of genera Calanus, Neocalanus, Eucalanus, and Acartia,
and salps. Reid et al. (1991) collected 12 shrimp species and 3 squid species in micronektonic
tows off Oahu. Similar species may occur in the vicinity of the Kauai and Johnston Atoll sites.
Hatfield (1983) noted substantial differences in spatial distributions and abundances of a number
of zooplankton species associated with upwelling, and seasonal and localized current patterns.

3.3.5.3 Ichthyoplankton

Ichthyoplankton (larval fish) are an important component of the zooplankton due to the
importance of this group to commercial fishing and repopulating of local reefs. Reid et al.
(1991) collected nine species of larval fish in nearshore plankton tows off Oahu, Molokai, Maui,
and Hawaii, seven of which were myctophid species. However, Clarke (1991) collected larvae
of over 50 families of nearshore fish off Oahu during 1977-78. The five most frequently
collected families were wrasses (Labridae), sand perches (Parapercidae), basses (Serranidae),
gobies (Gobiidae) and jacks (Carangidae). Similar species also may occur off of Kauai. A total
of 12,777 fish larvae and 208 juvenile/adult fish, representing 64 families, were collected by
Boettlert et al. (1992) off Johnston Atoll. These collections were dominated by myctophids,
gobies, and bristlemouths.

3.3.6 SEABIRDS

Seabirds are defined as those species which obtain most of their food from the ocean and
are found over water for more than half of the year (Briggs et al., 1987). Because the ATOC
source would be located at approximately 850 m depth, and since the low frequency sounds
generated are known to attenuate near the surface layer of the ocean and are not transmitted to
the air (Figure 2.2.1.2-3), seabird species most likely to be affected are those that dive frequently
to deep (greater than 20 m) depths.

The Hawaiian Islands support a diverse group of seabird species. Black-footed albatross
(Diomedea nigripes) and Laysan albatross (D. immutabilis) occur within the general study area
and have been recorded as breeders on Johnston Atoll. Other common species in the Kauai and
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Johnston Atoll study areas include the Pacific golden plover or Kole (Pluvialisfulva), great
frigatebird or Iwa (Fregata minor), wandering tattler or Ulili (Heteroscelus incanus), sooty tern
or Ewa'ewa (Sternafuscata), ruddy turnstones or Akekeke (Arenaria interpres), bristle-thighed
curlew or Kioea (Numenius tahitiensis), wedge-tailed shearwater or Ua'u Kani (Puffinus griseus),
red-footed booby or 'A (Sula sula), red-tailed tropicbird or Koa'e 'ula (Phaethon rubricauda),
brown noddy or Noio Koha (Anous stolidus), and Bulwer's petrel or 'Ou (Bulweria bulwerii)
(HAS, 1978). The Hawaiian dark-rumped petrel (Pterodromaphaeopygia sandwichensis) and
Newell's shearwater (Puffinus auricularis newelh) are also endemic seabird species.

Albatrosses are large seabirds that feed primarily on squid. Laysan and black-footed
albatrosses have resident breeding populations on the larger Hawaiian Islands, and are under a
protected status in accordance with the Migratory Bird Treaty Act. Thousands visit Midway
Island each winter and spring, and are occasionally seen elsewhere on the northwestern Hawaiian
Islands. These two species have been observed on Johnston Atoll prior to 1962 (Amerson and
Shelton, 1976). The historical range of the short-tailed albatross includes Hawaiian waters, and
the current worldwide population is only about 400 birds, including approximately 85 breeding
pairs.

In general, shearwaters, noddies and petrels use many of the Hawaiian Islands for
roosting and nesting. Migratory seabirds such as ruddy turnstones, wandering tattlers, and
Pacific golden plovers forage for food on the shorelines.

The Kilauea Point National Wildlife Refuge on Kauai contains the largest seabird colony
in the main Hawaiian Islands. The refuge is home to Laysan albatross, wedge-tailed shearwaters,
red-footed boobies, brown boobies, great frigate birds, red-tailed tropic birds, and white-tailed
tropic birds.

Fifty-six bird species, belonging to 10 orders, 19 families, and 38 genera have been
reported from Johnston Atoll (Amerson and Shelton, 1976). Of these 56 species, 22 have been
observed on the atoll. Of these 22 species, 12 are breeders; three species, such as the black-
footed and Laysan albatrosses are former breeders, and seven species, including the Phoenix
petrel, sooty storm petrel, red-tailed and white-tailed tropicbirds, and the blue-gray noddy are
considered visitors. Of the above species that dive in pursuit of their prey, all are thought to be
shallow water divers, capable of diving to depths of less than 20 m. No known deep-diving bird
species occur in the Kauai and Johnston Atoll study areas.

3.3.7 THREATENED, ENDANGERED, AND SPECIAL STATUS SPECIES

This section presents information on threatened, endangered, and special status species
that may occur in the study area. Summary information on species status, abundance, and some
general life history is also included. Table 3.3.7-1 lists the threatened, endangered and special
status species that may occur in the study area.
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Common Name Scientific Name

right whale Eubalaena glacialis

blue whale Balaenoptera musculus

fin whale B. physalus

humpback whale Megaptera novaengliae

I sperm whale JPhyseter macrocephalus

I Hawaiian monk seal Monachus schauinslandi

green sea turtle Chelonia mydas

leatherback sea turtle Dermochelys coriacea

olive ridley sea turtle Lepidochelys olivacea

hawksbill sea turtle Eretmochelys imbricata

Newell's shearwater Puffinus auricularis newelli

black-footed albatross Diomedea nigripes

Laysan albatross D. immutabilis

short-tailed albatross D. albatrus

Hawaiian dark-rumped petrel Pterodroma phaeopygia sandwichensis

Table 3.3.7-1. State of Hawaii threatened, endangered, and special status species.
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All of the species listed have either been observed in or around Hawaiian waters, or occur
within the study areas (including Kauai and Johnston Atoll). With the exception of humpback
whales, most of the threatened or endangered marine mammals would occur infrequently, if at
all, in the vicinity of Johnston Atoll.

Approximately 15 threatened, endangered, or special status marine species may occur
within the study areas (including Kauai and Johnston Atoll) (Amerson and Shelton, 1976;
Drevenak, pers. comm., 1994 ). These include four mysticetes (blue, fin, humpback, and right
whales), one odontocete (sperm whale), one pinniped (Hawaiian monk seal) four sea turtles
(leatherback, green, olive ridley, and Pacific hawksbill turtles), and five seabird species (Newell's
shearwater, black-footed albatross, Laysan albatross, short-tailed albatross and the Hawaiian
dark-rumped petrel).

3.3.8 MARINE SANCTUARIES AND SPECIAL BIOLOGICAL RESOURCE
AREAS

The Hawaiian Islands Humpback Whale National Marine Sanctuary (HIHWNMS) was
Congressionally designated by the Oceans Act in November of 1992. The Sanctuary specifically
recognizes the importance of humpback whales and their winter habitat One of the sanctuary
goals is to gain an accurate description of the total North Pacific humpback population and the
number of individuals wintering in Hawaiian waters.

The sanctuary was established to provide a mechanism to develop research protocols,
allowing for the whale research community and NMFS to work closely together. The sanctuary
includes the area from the highwater mark to water depths of approximately 183 m around the
islands of Mauai, Lanai, and Molokai; Penguin Bank; and a small portion off Kauai's Kilauea
Point National Wildlife Refuge on the north coast.

The Kilauea Point National Wildlife Refuge on Kauai contains the largest seabird
colony in the main Hawaiian Islands. It is administered by a resident U.S. Fish and Wildlife
Service (FWS) representative.

Johnston Atoll was established as a federal bird refuge in 1926, in recognition of large
numbers of breeding and nesting birds which inhabit the atoll. At least half a million seabirds
use the atoll for roosting and nesting, with species such as the sooty tern or ewa' ewa (Sterna
fuscata) being most abundant. Today, Johnston Atoll is a National Wildlife Refuge administered
by a resident U.S. Fish and Wildlife Service (FWS) representative (EPA, 1985).

3.3.9 BIOTA ALONG CABLE ROUTE

The cable route at the Kauai site extends over island shelf and slope habitats and
shallow, sandy bottom subtidal areas (as shallow as 24 m). Regional geography and geology for
the Kauai and Johnston Atoll sites was previously described in Section 3.2.5. Biota in these
areas is highly dependent on the subsea geology and geography described in these sections. The
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cable route crosses only one reef, offshore from Barking Sands, passing through surge channels
in the reef. After crossing the reef area, the cable lies on sand and soft-bottom areas.

Shallow nearshore communities (depths 24-50 m) likely are characterized by a variety of
fish families, including wrasses (Labridae), goatfish (Mullidae), and damselfish (Pomocentridae).
Species within these families comprise complex coral reef communities. Invertebrates likely to
occur at these depths include lobster, crab, sea stars, and sea urchins. Reef-building corals likely
will dominate the shallow subtidal areas.

In water depths ranging between 45 and 67 m, the cable crosses the outer face of the
offshore reef. This part of the reef is dissected by frequent surge channels, which can be
characterized as having similar abundances and diversity as nearby adjacent reefs.

Deeper shelf and slope communities can be characterized as moderately diverse habitats.
Fish such as tunas, jacks, and scad will predominate. At deeper depths (over the island shelf and
slope) off Kauai and Johnston Atoll, sandy bottom species such as rattails, skates, and cod-like
fish predominate (Chave and Mundy, 1994).

3.4 ECONOMIC ENVIRONMENT

3.4.1 COMMERCIAL, RECREATIONAL, AND POTENTIAL FISHERIES

Expansion and diversification of pelagic fisheries and growth in some recreational
fisheries led to overexploitation of many fishery stocks in Hawaiian waters during the late 1980's
and 1990's (Pooley, 1993). However, recent changes in Hawaiian commercial fisheries, such as
reduction in limited entry of permits for bottomfish and lobster, moratoria to new longline
fishermen, closed seasons and quotas for lobster, and some area closures have improved some
fisheries (Pooley, 1993). All of the above changes are aimed at preserving Hawaiian fisheries.

Hawaii's commercial fishery exceeded $50 million in ex-vessel revenues in 1990, based
on a total catch of over 22 million pounds (approximately 10 million kg) (Pooley, 1993). The
longline tuna fishery accounted for nearly $29 million of this total. During calendar year 1993,
Kauai fishermen caught 17,050 kg of fish in Fisheries Statistical Area No. 523, which
encompasses the area offshore of the north Kauai coast. Approximately 15,615 kg were caught
by trollers and 1255 kg by bottom fishermen (DLNR, 1994).

Most of the commercial fishing in Hawaii is conducted on the submerged shelves, banks,
and slopes of the populated islands and the northwestern Hawaiian Islands. Some of the
seamounts in the vicinity of the study area support limited fisheries, with substantially less
commercial value than nearshore reef areas (MMS, 1987). Although commercial fishing occurs
offshore of nearly all the Hawaiian Islands (including Kauai), none (except the rare tuna fishing
boat) occurs in the offshore waters near Johnston Atoll (MMS, 1987).
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Off Kauai, nearshore fisheries target a variety of fish such as bigeye scad, goatfish,
surgeonfish, and squirrelfish. These species are easily accessible in small boats throughout the
island. A significant fishery for white crab or Kona Crab exists off Niihau (Smith, 1993).

The most commonly caught commercial bottomfish in Hawaii are several species of
snapper, grouper, and jacks (Pooley, 1993). Lobster are the primary epifaunal invertebrate
collected commercially. Pelagic fisheries off Hawaii include marlin, swordfish, sailfish, mahi
mahi, and several tuna species. Pelagic sharks also comprise a significant part of the commercial
catch, with blue sharks, mako, and threshers taken in the highest numbers.

Hawaii's nearshore fisheries are quite productive; however, a deepwater fishery also
exists for snappers and some tuna (Haight et al., 1993). In fact, the nearshore fisheries produce
only a small fraction of the total catch as reported from Hawaiian fisheries on an annual basis
(Diaz-Soltero, pers. comm., 1995). Some invertebrates, such as pandalid shrimp are collected in
commercial traps at depths between 350 and 825 m. At these deeper depths, some species of
black coral are taken by commercial divers for the coral jewelry industry (Grigg, 1993; Grigg
pers. comm., 1994). Black coral is taken by commercial divers off Maui and off the west and
southern coast of Kauai. However, it is unlikely that black coral is taken in the Kauai study area.

The distinction between recreational and commercial fisheries in Hawaii's small boat
fleets is extremely difficult This is due to the fact that many commercial fishermen hold full-
time and part-time jobs which provide more income than fishing (Pooley, 1993). Furthermore,
charter boat captains usually retain their catch for sale at local markets. These issues have lead to
many problems in compiling recreational fishery data.

3.4.2 MARICULTURE/AQUACULTURE

Mariculture, or aquaculture, is the farming of aquatic or marine organisms, such as fish,
molluscs, crustaceans, and algae. It is currently one of the fastest growing industries in Hawaii,
with an annual growth rate in revenues of nearly 13% and an estimated income of over $21
million in 1989 (DLNR, 1990). The variety of organisms raised through aquaculture has
increased steadily since 1979, currently representing over 35 different species, including marine
shrimp, Chinese catfish, tilapia, carp, rainbow trout, abalone, nori, ogo, spirulina, oysters,
salmon, and lobster (DLNR, 1990). Potential new species include mahi mahi, Japanese flounder,
baitfish, giant clams, limpets, and sea cucumbers. However, no aquaculture facilities are
presently operated on Kauai, or Johnston Atoll (EPA, 1985).

3.4.3 SHIPPING

The Hawaiian Islands serve as a major port for international shipping, with over 91.2
million tons (82.7 billion kg) of freight worth over $124 billion moved between the U.S. West
coast, Alaska, Hawaii, and Far East ports in 1987. Of this, about 22.4 million tons (20.3 billion
kg) were handled through Hawaiian ports (Corps of Engineers, 1989). This shipping activity
involved 21,325 vessel arrivals and departures from Hawaiian ports.
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The two major shipping ports of Kauai am Nawiliwili and Port Allen. Vessel arrivals for
1989 were 1079 for Nawiliwili and 100 for Port Allen (COE, 1991). Freight traffic (tons) for
Nawilili for the 5-year period 1985-89 was as follows: 1985 (933,477), 1986 (745,396), 1987
(916,422), 1988 (875,753), and 1989 (1,038,452) (COE, 1991).

3.4.4 MILITARY USAGE

The Pacific Missile Range Facility (PMRF) is the largest federal government employer
on Kauai, with approximately 850 workers, including tenant organizations and civilian
contractors (Pham, 1991). The total annual expenditures for PMRF, tenant organizations, and
contractors was $72.5 million for 1990. PMRF had a FY 1991 operating budget of $50.1
million, including a payroll of $29.6 million.

Since 1936, Johnston Atoll has been utilized under an U.S. Air Force plant account and
field command of the Defense Nuclear Agency. In addition to being an air station during early
World War II, patrol submarines used the atoll as a refueling base (Amerson and Shelton, 1976).
In 1959, the U.S. Coast Guard started construction of a LORAN-A and -C station on Sand Island
and by 1961, the facility was operational. Most recently, the atoll has become the storage site for
obsolete chemical warfare agents, including nerve gas and herbicides used in southeast Asia.
These agents were placed downwind in a security area on the southwest end of Johnston Island.
The atoll presently is a Naval Defensive Sea Area and Air Space Reservation.

The U.S. Navy's Pacific Fleet, including a variety of ships and submarines is stationed in
Hawaii. No daily estimates for the number of ships or submarines likely to occur in the study
region are available (P. McClaran, PMRF, pers. comm., 1994); however, based on general
activity levels, it can be assumed that ship and submarine traffic in the vicinity of the Kauai and
Johnston Atoll sites varies between low and moderate activity levels.

3.4.5 MINERAL OR ENERGY DEVELOPMENT

The most valuable offshore marine minerals resources in the general region of the
Hawaiian Islands and Johnston Atoll are cobalt-rich manganese crusts and nodules. The
existence of these types of resources on Pacific seamounts has been recognized for at least 20 yrs
(HDBED, 1987). Recent surveys, although preliminary in nature, indicate a large potentially
exploitable resource in various deep-water (800-2400 m) regions off the Hawaiian Islands and
Johnston Atoll. Manganese crust coverage within these areas ranges from 0% (areas of thick
sediment cover) to 100% (areas of thick crust "pavements"). Coverage for the Hawaiian axis
(i.e., nearly 200 km south of Kauai) is approximately 25%, while other areas average nearly
40%. Manganese nodules, which are relatively rich in manganese, cobalt, iron, nickel, and
copper, are abundant over vast areas of the seabed at depths between 4000 and 5000 m
(HOMRC, 1991).

Initial survey results indicate that little, if any, manganese mining would occur in the
vicinity of the proposed action site due to its low crust coverage. In contrast, crust coverage off
Johnston Atoll is slightly higher than Kauai and could be utilized as a potential managanese

3-39



AFFECTED ENVIRONMENT

mining site (HDBED, 1987). No marine mineral mining activities are scheduled to take place in
the Hawaiian Islands or Johnston Atoll at this time.

3.4.6 CULTURAL ANiD HISTORICAL RESOURCES

There are no known cultural or historical resources within the Kauai study area. The
State Department of Land and Natural Resources does not maintain information concerning
shipwrecks.

In "pre-contact" Hawaii (prior to 1778), temporal rule of the islands was divided among a
number of alii, or chiefs. Each of these had, in theory, unrestricted control over all the resources
within his moku or districts (Meller, 1985). The ahupuaa in which the moku was subdivided,
usually had attached to them ocean fishing rights, in some instances not only adjacent to their
own shores, but spreading out on each side up and down the coast for many miles (Cobb, 1908).
Thus, the alii controlled all fishing rights in their jurisdiction.

Managing the apupuaa were the konohiki or agents of the alii. The konohiki collected a-
portion of the harvest of both land and ocean resources on behalf of the alii from the hoaaina or
tenants, and placed limitations on the uses of the resources, depending on environmental
conditions (Meller, 1985).

The U.S. Congress attempted to extinguish all konohiki fishing rights in the Organic Act
of 1900. Section nine of the Act provided for a 2-year period in which the owners of konohiki
rights could register claims to a konohiki fishery with the Territorial Courts, or forfeit all claims
to those rights (Meller, 1985). Once the claims were filed, it was the intent of the federal and
territorial governments to acquire all rights to the registered konohiki fisheries through
condemnation (Clay et al., 1981).

There is some uncertainty as to the total number of konohiki fishing areas and how many
were registered before 1903. Meller (1985) estimates between 363 and 720 areas existed, but
noted that opinions vary on how many were registered, from a low of about 100 to a high of 144.
Because of this uncertainty in the number of registered rights, there is no exact figure as to the
number in existence today. Khil (1978) puts the estimate for Kauai as follows: number
registered, 9; number condemned, 7; number outstanding, 2. These two are both located on the
south shore, at Wahiawa and Omao.

In 1941, Johnston Atoll was shelled from offshore Japanese ships. One Japanese
submarine was reported sunk by land guns (Amerson and Shelton, 1976). No other cultural or
historical resources are known to occur on or offshore Johnston Atoll.
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3.5 SOCIAL ENVIRONMENT

3.5.1 RECREATIONAL ACTIVITIES AND TOURISM

Kauai's economy is dominated by tourism and agricultural industries. Government
employment is also a major contributor to the local economy, as discussed in Section 3.4.4.

The tourism industry and associated travel-related services employ approximately 16,000
people on Kauai (Pham,,1991). Average earnings per job in this industry was approximately
$17,900 in 1990 (Pham, 1991). The Hawaii Visitors Bureau (1991) estimated that 1.3 million
people visited Kauai in 1990. Visitor expenditures for 1990 were approximately $945 million
(Hawaii Visitors Bureau, 1991).

According to Townsend (1991), the major recreational activities on Kauai are fishing,
boating, diving, snorkeling, surfing, waterskiing, whale-watching, sea kayaking, parasailing
(commercial), and riding pleasurecraft (private and commercial). In 1988, the Hawaii
Department of Transportation issued regulations limiting commercial pleasurecraft and
parasailing operations. Whale-watching operations are subject to federal regulation with respect
to humpback whales. At least three whale-watching vessel-types are in operation off Kauai:

* MNV Napali Queen; 28 m length overall; does not anchor in Hanalei Bay

Power catamarans; 12 m length overall; two 200 hp outboard motors; anchor in
Hanalei Bay

Zodiac inflatable boats; approximately 3-5 m length overall; launch and recovery
operations at the mouth of the Hanalei River

Economic activities involving the ocean in Hawaii are highly diversified including tour
boats, interisland cruises, charter boat and recreational fishing, yacht racing, competitive ocean
swims, Hawaiian canoe races, and wind-, board-, and body-surfing events. Total direct revenue
estimates for 1992 were estimated at nearly $ 560 million (MacDonald and Deese, 1994).

No official tourism or recreational activities occur at Johnston Atoll, primarily because of
military use of the atoll. Due to its remote location, essentially no commercial fishing occurs in
the area, although tuna boats occasionally fish the general region (EPA, 1985).

3.5.2 RESEARCH AND EDUCATION

Ocean research and education is extremely important for long-term success of the Hawaii
Ocean Resources Management Plan. While most of the research and education activities in
Hawaii are centered on Oahu, new marine resource centers and research facilities are being
established on or are planned for the neighbor islands (HOMRC, 1991). The only college-level
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facility presently on Kauai is Kauai Community College (KCC). While KCC does not specialize
in marine research, many local public school systems have formal marine education programs.

Modem support facilities at several locations in the Hawaiian Islands, primarily on Oahu,
provide researchers with an extensive infratructure for services such as satellite communication
and tracking, marine laboratory analyses, marine surveying and brokering, and ship maintenance
facilities. Other institutional facilities for marine research are associated with the U.S. Navy, the
University of Hawaii's School of Ocean and Earth Science and Technology, the Law of the Sea
Institute, and various federal government agencies, including Marine Minerals Technology
Center (DOI), the Pacific Mapping Center (DOC/DOI), and the Center for Tropical and
Subtropical Aquaculture (DOA). Most of these facilities are located on Oahu and the Big Island
(NOAA, 1994).

Preliminary discussions have been held with the University of Hawaii's Office of
Technology Transfer and Economic Development (OTTED) to potentially link the MMRP into
Department of Education programs. This could be in the form of audio-visual presentations to
selected academic institutions focusing on biological oceanography, marine mammals as
ecological indicators, and the marine mammal populations in the area. Other areas of technical
inquiry and education include the use of passive acoustics as non-invasive marine mammal
detection and tracking devices, and the potential for underwater acoustics in environmental
assessment programs. The potential for establishing direct data relay lines to educational
institutions also has been discussed.

The potential for networking the marine mammal data collected under the MNvIRP into
the Maui Supercomputer via the Cornell University Theory Center also will be explored. This
would allow the University of Hawaii direct access to the information through OTTED, which
has an office at the Maul Research and Technology Park facility where the supercomputer is
located.

No formal educational facilities exist on Johnston Atoll; however, this site has functioned
as a research facility for numerous agencies, most notably the U.S. Fish and Wildlife Service
(FWS). Studies conducted by the Smithsonian Institution's Pacific Ocean Biological Survey
Program (POBSP) have increased the amount of information on resident and migratory bird
populations. Other studies on Johnston Atoll have focused on the effect of human alteration,
such as dredging operations on coral reef communities (Amerson and Shelton, 1976).

3.5.3 WATER CONTACT SPORTS

Shoreline usage and water contact sports are highly important activities for Hawaii's
residents and many tourist industries (HOMRC, 1991). Based on 1985 State Comprehensive
Outdoor Recreation Plan (SCORP) statistics, at least 170,000 people swim or sunbathe at
beaches or shorelines daily. Further, other daily usage includes almost 23,000 surfers, 25,000
fishermen (from onshore and boats), 3000 canoers and kayakers, 18,000 boaters, and more than
21,000 scuba divers (HOMRC, 1991). Other popular water sports include windsurfing, sailing,
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and catamaran sailing. Diving and snorkeling are some of the most popular recreational
activities in Hawaii, mostly occurring around inshore coral reefs.

Generally, the north coast beaches off Kauai are the best for swimming, snorkeling, and
diving in summer, and surfing in winter. Better conditions for swimming and snorkeling along
the south coast occur in winter. Many locations on the north coast offer safe swimming,
snorkeling, and diving, including Kalihiwai Beach Park, Ke'e, Hanalei Bay, Anini Beach, Haena,
and Moloaa (Sunset Book, 1975). Some of the most popular areas on the south coast of Kauai
for diving and snorkeling include Poipu Beach, and Kukuiula (AAA Tour Book, 1992).

No known water contact sports occur off Johnston Atoll. However, snorkeling and
diving by researchers likely occurs in the shallow nearshore and lagoon areas.
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4 ENVIRONMENTAL CONSEQUENCES

4.1 INTRODUCTION

This section forms the scientific and analytical basis for comparison of alternatives in
Section 2 and the affected environment descriptions presented in Section 3. It describes the
potential consequences of the four alternatives on a range of environmental resources. Unless
otherwise indicated, the effects on marine animal of the "no action" alternative are presumed to
be inconsequential. The section is organized first by resources (i.e., physical environment,
biological environment, and socio-economic environment), followed by a discussion of minor
and secondary effects in a section on "other impacts."

Each subsection analyzes the potential effects of the four alternatives, both individually
and cumulatively. Cumulative impacts are those impacts on the environment which result from
the combined impact of the action when added to other past, present, and reasonably foreseeable
future actions. Mitigation measures for each impact are identified, where applicable.

4.2 POTENTIAL EFFECTS ON THE PHYSICAL ENVIRONMENT

This section considers the potential effects of the four alternatives (Alternative 1,
Proposed Action; Alternative 2, No Action; Alternative 3, Alternate Project Site -Johnston Atoll;
Alternative 4, Moored Autonomous Sources) on the physical environment. Such effects include
potential disturbance of the seafloor through installation of NMOP or sound source facilities, and
the increase in noise levels that would occur during source operations. The potential impacts of
the sound source on biological resources are discussed below in Section 4.3.

4.2.1 POTENTIAL DIRECT AND INDIRECT EFFECTS ON THE PHYSICAL
ENVIRONMENT

4.2.1.1 Construction of Facilities

Direct physical impacts of the project facilities installation would be considered
important if they could lead to problems with regard to slope instability, safety or other hazards
(including hazards to navigation), threat of release of hazardous substances, or other
incompatibilities with the physical environment.

The physical installations associated with the project are relatively minor and generally
are benign from an environmental standpoint. Alternatives I and 3, the proposed installation off
the north shore of Kauai and Johnston Atoll, respectively, would involve the placement of a
small sound source with a footprint of 4.7 m2 on the seafloor, with no alteration of the seafloor
contours. For the Kauai location, the cable connected to the source would lay on the seafloor
with no physical alteration to the seafloor contours. No new cable installation would be placed
through the surf zone, since that cable would be connected to an existing sea-shore interface
several kilometers from shore.
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For the Johnston Atoll alternative, the cable would need to be laid through the shoreline
band, with associated trenching (nominally I m deep) and the installation of a pipe that would
protect the cable from wave action and prevent movement Even this installation, however,
would be comparatively minor and would not result in major physical effects on the
environment.

Likewise, the moored autonomous source alternative (Alternative 4) would have a low
impact on the physical environment, since it would have a small seafloor footprint, would
involve no alteration to the bottom, and would not have an associated cable installation. There
would be a minor risk that the batteries necessary to support such a source would leak over time,
particularly if recovery of the source were not possible at the end of its life. This could introduce
small quantities of potentially toxic chemical components into the ocean; however, they should
be neutralized quickly in seawater.

Mitigation Measure 1-1: For the Johnston Atoll alternative, the portions of the ATOC
cable and any protective casing in the nearshore area and surf zone would be designed to
minimize the potential for adverse impacts.

Mitigation Measure 1-2: Project facilities would be removed at the end of the experiment,
to the extent economically and practicably feasible.

4.2.1.2 Noise

Generally HEPA identifies noise impacts as those that result in a substantial increase in
the ambient noise levels for adjoining areas. Marine biologists consider some negative effects
due to present-day ocean noise pollution may already be occurring to marine mammals. The
potential for impacts also exists where land use compatibility standards, such as those defined by
the State of Hawaii, are exceeded.

Within the study area, there are no applicable subsea noise standards. Most community
noise standards are based upon average measurements (Hirschorn, 1982) that may weigh various
time periods differently (such as nighttime hours) due to the relatively greater sensitivity of the
human population exposed to the noise at those times. For determining the significance of the
noise from the project source, a long-term average, Level-equivalent (Leq) measurement is
considered by some scientists as appropriate (Malme et al., 1989; Ellison et al., 1993) since the
source operation would not emphasize any time of day or night, and there is no indication that
particular hours are of relatively greater concern in the marine environment (although many
animals exhibit diurnal activity patterns). This approach is based on long-term average
measurements, and is commonly applied to human occupational noise exposure situations.

An estimate of the net Leq of a given sound source can be derived from the following
formula:
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Leq(T) RL + 1OLogio(t/T)

where: T = Leq measurement period
RL = Received Level of sound field at animal
t = duration of signal during the time period T

For example, using the 120 dB sound field (at 2% duty cycle) elicits the following result:

Leq(4 days) = 120 + lOLoglo(120 min/5760 min) = 120 - 17 = 103 dB.

Thus, exposure to the 120 dB sound field over a 4-day period (the signal being transmitted 120
min out of the total 5760 min) equates to continuous exposure to a 103 dB sound field over the
same 4 day period. As is shown in Section 3, this value is relatable to high broadband ambient
noise levels that could be expected in the study area. During the 2-8% of the time the source is
transmitting, received levels in the 57.5 - 92.5 Hz frequency band should decrease to < 88 dB in
the sound channel within 500 kIn.

The MMRP includes components in both Hawaii and California to evaluate the validity
of this assumption. This work will include the attempted development of low frequency
audiograms for species of concern and additional measurement of subsea noise (received levels)
on an Leq basis to allow comparisons to sound source operations (see Appendix C). Section 3 of
this EIS provides noise data for the study area.

Habitat uses by marine organisms and oceanographic acoustic research are the primary
noise-sensitive uses in the project vicinity. Other oceanographic research efforts and U.S. Navy
activities would be coordinated through Scripps to avoid interference. No human land use
incompatibilities or corresponding noise impacts are presented.

Mitigation Measure 2-1: The duty cycle and power levels of the source would be
adjusted to the minimum necessary to support research objectives, and the source would
be shut down if any of the acute or short-term responses in Table C-1 are observed in
relation to source transmissions.

Mitigation Measure 2-2: The ATOC project would coordinate with other oceanographic
and acoustic research efforts, and US. Navy activities, and the commercial fishing
industry, to ensure that scheduling and operational conflicts are avoided.

In terms of the sound fields of the fixed sources, all alternatives except the "no action"
alternative would add somewhat to the ambient noise levels in the vicinity of the sound source
(during transmission periods). MMRP vessels and aircraft would also add somewhat (on an
intermittent basis) to ambient noise levels. See Potential Cumulative Effects Sections 4.3.1.1.2,
4.3.1.2.2, 4.3.1.3.2, 4.3.2.1.2, 4.3.2.2.2, and 4.3.2.3.2, and responses to comments in Appendix F.
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.4.2.1.3 Other Potential Physical Impacts

Source installation and operation at any of the site alternatives would have no adverse
effect on any water column characteristics (temperature, salinity, or dissolved oxygen), or on the
regional geology (sediments, seismicity, or bathymetry).

4.2.2 POTENTIAL CUMULATIVE EFFECTS ON THE PHYSICAL
ENVIRONMENT

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

Other than potential general increases in vessel traffic through the project vicinity, and
onshore development of various kinds, no other human activities (past, present, or future), or
natural sounds are anticipated to cumulate with the acoustic thermometry source transmissions
and MMRP activities. Specifically, a single ATOC source should provide adequate coverage
from mid-Pacific to receivers in the eastern and North Pacific, and additional sources should not
be required at any mid-Pacific location. Any cumulative effects of past, current, and future
human activities (e.g., whale-watching, fishing, pleasure boating, etc.) with the short duty cycle
source transmissions are expected to be minimal. No other new sound sources or similar
facilities currently are proposed for the project area. Similarly, the north Kauai area is not a
likely site for new commercial or other subsea cable installations, and development restrictions
along the north Kauai coast are likely to prevent substantial future large-scale onshore
development. As a result, no major development of facilities similar to or related to the project
cable and onshore equipment installations are anticipated.

As discussed above, the effects of the cable installation on the physical environment (for
Alternatives 1 and 3) are expected to be minimal. Thus, it is not anticipated that this action,
when added to other past, present, and reasonably foreseeable future actions, would result in
cumulative impacts. Noise from the sources would be expected to add to the ambient noise
levels in the vicinity of the sources (intermittently during the 2-8% of the time the source would
be transmitting). Other sources of noise which contribute to the ambient noise levels are either
natural (e.g., wind, waves, marine life, seismics) or human-related (e.g., from vessels, aircraft,
and onshore and nearshore construction). The potential cumulative effect of noise produced by
MMRP aircraft and vessels during the course of research conduct would be negligible,
constituting less than 0.01% of the total overall ambient noise in the study area throughout the
Pilot Study. While human-related sources of noise may increase over time with increases in
population, economic activities and resulting traffic levels, any such increase is speculative.
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4.3 POTENTIAL EFFECTS ON THE BIOLOGICAL ENVIRONMENT

This Section discusses the potential impacts of the five alternatives (including the
proposed action) on marine mammals and sea turtles, as well as on fish, invertebrates, plankton,
and seabirds.

The effects of noise on marine animal have not been studied extensively. The lack of
information is particularly acute regarding large whales, which are difficult to study in the wild,
and on invertebrates. In many areas, potential impacts must be inferred from incomplete data.
The following Sections must be reviewed with this caveat in mind.

Generally speaking, a range of potential impacts can be summarized as follows:

Deathl oir tj=: The potential for death to any marine mammal or sea turtle as a result of
the proposed research is considered nonexistent. The potential for death or injury with respect to
other animals (e.g., fish) is unlikely, but is possible at sound levels >180 dB (8 m range from
source) (Hastings, 1991). However, any lethal impacts to fish would be indirect (due to ramp-up
period) and result from the potential increase in predation on fish in the immediate vicinity of the
source (i.e., <8 m range). There would be no direct lethal effects on any marine animals.

Direct Dam= to Hearing Reo~rs: At the extreme end of the range of hearing impacts
are pressure-induced injuries associated with explosions or blunt cranial impacts that cause an
eruptive injury to the inner ear (frequently coinciding with fractures to the bony capsule of the
ear or middle ear bones and with rupture of the eardrum). Based on analysis of available data
(Section 4), no direct damage to hearing structures of marine mammals or sea turtles is expected
from this project (see Section 4.3.1.1.1).

Permanent Threshold Shift* A permanent threshold shift or PTS is, as the name suggests,
an increase in the threshold of hearing that is permanent, not temporary. It is an unrecoverable
deafening that does not diminish with time. PTSs generally occur as a result of long-term
exposures and/or extremely loud noises. Repeated exposures to any signal strong enough to
cause temporary threshold shift (TTS)-level stimuli can induce PTS, as well. Based on analysis
of available data (Section 4), no PTSs to marine mammals or sea turtles are expected from this
project (see Section 4.3.1.1.1).

Temporary Threshold Shift: Temporary threshold shift, or TTS, is an increase in an
individual animal's hearing threshold in response to a loud sound. All humans typically
experience such shifts directly, such as the effect that occurs after leaving a noisy room to a quiet
location. For a period of time, the threshold of hearing is increased such that quiet sounds are not
perceived. A TTS slowly dissipates so that original hearing abilities return. TTSs generally
occur at sound intensities well above threshold hearing levels. In humans the difference between
the threshold of hearing and sound intensities that result in TTS is approximately 80 to 100 dB.
Based on analysis of available data (Section 4), TTSs are only anticipated for animals venturing
very close (within approximately 100-200 m) to the ATOC source.
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Behavioral Disrumon nnd Habituation: Sounds can result in behavioral changes in
movement patterns that may only be detected through sophisticated statistical analysis, to more
dramatic actions such as marine mammal breaching, rapid swimming, and temporary or
permanent displacement from an area. Infrequent and minor changes in movement directions,
for example, may be completely benign, while more frequent or recurrent incidents of interrupted
feeding and rapid swimming, if sufficiently frequent and of prolonged duration (e.g., bowhead
whales have stopped feeding and fled from approaching boats [Richardson et al., 1986]), could
have negative effects on individuals. Behavioral changes generally are detected at sound
intensities higher than the levels at which the sounds would be barely detectable or perceivable to
a marine animal.

Animals that appear to tolerate human-made noise are presumed to be less affected by a
noise source. In some cases, this can be attributed to habituation-the potential for an animal
over time to become less sensitive to certain types of noise and disturbance to which they
repeatedly are exposed and which they come to perceive as non-threatening. However, the
presence of marine mammals in an ensonified area does not prove that the population or
individual therein is unaffected by the noise, as they may stay in the area despite the presence of
noise disturbance if there are no alternative areas that meet their requirements (Brodie, 1981 b).

Masking All marine animals have a threshold level below which they cannot hear. In
the environment, this threshold is determined by the higher of two levels-the ambient noise level
surrounding the animal or the limits of their physical ability to hear. In other words, animals
cannot hear sounds that are less intense than background noise at similar frequencies, and sound
louder than background levels can only be heard if the animal is physically capable of doing so.
Increases in ambient noise will increase the threshold intensity for detectable sounds (for those
animals whose hearing threshold is below those ambient levels). This effect is commonly known
as masking. Masking of significant sounds (e.g., calls of other animals, predators, prey, sounds
of hazards, such as approaching boats, etc.) can occur when the ambient noise levels at similar
frequencies increase.

Marine mammals are believed to be well-adapted to coping with a naturally noisy and
variable ocean environment, and likely have tolerance to some increase in masking relative to
natural and human-made levels. However, the thresholds of this tolerance currently are unknown
and cannot be determined until there is a better understanding of: 1) the vital functional
importance to mammals of faint sound signals from the same species, predators, prey, and other
natural sources; 2) signal detection abilities of marine mammals in the presence of background
noise, including directional hearing abilities at frequencies where masking is an issue; and 3)
abilities of marine mammals to adjust the intensities and perhaps frequencies of emitted sounds
to minimize masking. It is probable that localized or temporary increases in masking normally
cause few problems for marine mammals, with the possible exception of populations that are
highly concentrated in an ensonified area. However, a more extensive and continuous noise field
could result if a number of noise sources were distributed through a major part of the range of a
marine mammal population. Masking might be more of a problem in such cases (Richardson et
al., 1991).
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All of the impact discussions below evaluate potential impacts of underwater exposures.
It is not anticipated that any impacts would occur as a result of sound transmissions received in
air by animals at the surface (e.g., albatrosses, or monk seals with their heads out of the water)
because the maximum possible received level would be only 74.5 dB directly over the source,
and this level would be attenuated even further by the water/surface interface (i.e., by at least 5-
10 dB). It is not anticipated that any animals would respond directly to noises of this magnitude.

Scientific Uncertainty

As stressed in this EIS, available information on subsea noise and its biological impact in
many cases is incomplete to nonexistent, depending on the species being considered. The NEPA
Guidelines (40 C.F.R. § 1502.22) state that if there is incomplete or unavailable information
regarding "reasonably foreseeable significant adverse effects" and that information is essential to
a reasoned choice among alternatives and the overall costs of obtaining it are not exorbitant, the
information is to be obtained and included in the EIS. If relevant information concerning
potential adverse impacts cannot be obtained because the overall costs of obtaining it are
exorbitant or the means to obtain it are not known, the agency is to include in the EIS: 1) a
statement that such information is incomplete or unavailable; 2) a statement of the relevance of
the incomplete or unavailable information to evaluating reasonably foreseeable significant
adverse impacts on the human environment; 3) a summary of existing credible scientific
evidence which is relevant to evaluating the reasonably foreseeable significant adverse impacts
on the human environment; and 4) the agency's evaluation of such impacts based upon
theoretical approaches or research methods generally accepted in the scientific community. All
of the above are included in this EIS.

As set forth below, the ATOC project and MMRP are not anticipated, in most cases, to
result in potentially significant impacts on biological resources. This conclusion is based on
available information regarding the species potentially affected, which is analyzed in this
Section. In some cases, the lack of available data necessitate a finding of uncertain, as to
whether impacts are expected.

Potential impacts on biological resources also are limited by the relative temporary nature
of the initial ATOC and MMRP experimental activities, which will span at most a two-year
period of transmissions, and the limited duty cycle of the ATOC source (on 2% of the time, off
the remaining 98%, for most of the experimental period). It also is limited by the fact that
relatively few of the marine mammals that could inhabit the study area are known to dive to
depths that would put them in proximity to potentially harmful sound fields.

For many marine animals, the means of obtaining additional information on adverse
effects are unknown, and/or the costs high. The ability to obtain information concerning hearing
capabilities and impacts of subsea sounds is in most instances limited by the nature of the
animals involved. Large whales only can be studied in the wild, often are rare and difficult to
approach, or even find. Therefore, to date, hearing abilities have not been measured directly but
instead must be inferred. At the other end of the spectrum, many of the animals are small, or
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even microscopic, and include invertebrates and other animals that often provide no measurable
indication of hearing perception or acoustic impacts. The sheer number of species also would
render a comprehensive survey exorbitantly expensive and unwieldy. The MMRP has been
designed to obtain much-needed information (Appendix C).

This EIS contains an expansive analysis and implements the directives of the NEPA
guidelines listed above, acknowledging the lack of information, stating its relevance to the
analysis, summarizing existing evidence, and evaluating the impacts based on available
information. As an integral part of the MMRP, an attempt will be made to fill several of the gaps
in available information concerning a number of species of concern, so that future decisions
concerning any long-term ATOC activities can be made based on an improved information base.

In addressing the ATOC project and MIRP, one of the costs/benefits that must be
weighed in the EIS is the cost of uncertainty-the costs of proceeding without more and better
information. The ATOC project itself is intended to fill information gaps and reduce uncertainty
concerning the global warming question. The associated MMRP, while designed to assess and
evaluate potential efects of ATOC low frequency sound transmissions, it is expected to result in
greater knowledge of low frequency sound impacts in general.

4.3.1 MARINE MAMMAL SPECIES

This Section pertains to marine mammals in the north Kauai coastal region: mysticetes
(four baleen whales, including humpback whales), odontocetes (16 toothed whales), and one
pinniped (Hawaiian monk seal). It presents information on: the ability of mysticetes,
odontocetes, and pinnipeds to hear and produce low frequency sounds; the potential behavioral
and physical auditory effects of low frequency noise on various species; and the potential
cumulative impacts of noise from the proposed alternatives in combination with other human-
related noise and activities. Conclusions are provided on the potential effects of the four
alternatives based on the currently available data.

Because data concerning marine animal stock structure (i.e., sub-units) and population
delineation are incomplete for many, if not all, of the marine animal species addressed in this
EIS, most of the discussions in this section involve the potential effects low frequency sound
transmissions could possibly have on a specific species, based on that species' pertinent
distribution and abundance, and known behavioral patterns, rather than a particular stock or sub-
unit that may inhabit the proposed study area. There is no distinction of relative significance
among an individual animal, a sub-group, or a species as a whole, and the shut-down guidelines
(Appendix C) reflect this. If the MMR.P goes forward, by virtue of its designated focused study
area around the proposed source site, population sub-units or stocks local to north Kauai (or at
least the Hawaiian Islands) would necessarily be the focal animals/sub-units used in assessing the
significance of potential adverse impacts on marine animals. The best available estimates of the
stock of marine mammal and sea turtle species that would be expected to reside or pass through
the general EIS study area during the course of the proposed two-year MMRP are listed in
Section 3.3.1. MMRP population distribution and abundance data collected would supplement
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these estimates and support future efforts using population sub-units or stocks for determining
the potential for low frequency sound impacts on marine species.

This Section proceeds with an analysis of the potential impacts on mysticete whales,
odontocetes, and the one pinniped endemic to the Hawaiian Archipelago.

4.3.1.1 Mysticetes

As discussed in Section 3, one mysticete, the humpback whale, is present in relatively
large numbers in the Hawaiian Islands area (November/December to May). Although it is
believed that fin, blue, and right whale territories in the North Pacific may overlap the region of
the Hawaiian Archipelago, no blue whales have been sighted in the Hawaiian Islands. There has
been only one confirmed right whale sighting, off Maui in 1979, and one fin whale sighting 37
km north of Kauai in 1994.

4.3.1.1.1 Potential Direct and Indirect Effects on Mysticetes

Direct and indirect effects of low frequency noise on mysticetes, including the potential
for temporary threshold shifts, auditory interference by masking, behavioral disruption and
habituation, long-term effects, and adverse impacts on the food chain (indirect effects), are
discussed below.

Based on shore and aerial survey data for 1991-94 on humpback whales around Kauai
and an average mysticete swim speed of 1-5.5 km/hr observed there (Frankel, pers. comm.,
1995), it is believed that few individuals traveling through theý study area would remain within
the 120 dB source sound field (derived from FEPE acoustic model analysis) for more than 24 hrs
at a time.

Broadband ambient noise levels in the 60-90 Hz band off the north shore of Kauai can be
76-98 dB (for sea state 2-6) (see Section 3.2.4.3) and are expected to be higher (>120 dB) when
vessels are present. Based on information provided in Section 2, broadband levels from the
proposed sound source at the water's surface are expected to be 135 dB at a radius of 1000 m
(received level is not expected to exceed 136 dB at the water's surface anywhere in the vicinity of
the source); 130 dB to a radius of 5 kin; 120 dB at 12 km shoreward and 7.5 km seaward from
the source; 110 dB to 55 kmn seaward. Underwater sound levels are expected to be: 140 dB at
288 m depth (562 m range around source); 145 dB at 534 m depth (316 m range around source);
150 dB at 672 m depth (178 m range around source); 165 dB at 820 m depth (30 m range around
source); and 195 dB at 850 m depth (1 m range around source). See Figure 2.2.1-6.

• Hearing Capabilities and Sound Production of Mysticetes: There have been no direct
audiograms done on mysticetes. It generally is believed that they are adapted for hearing at low
frequencies (below I kHz) (Fleischer, 1976, 1978; Ketten, 1994), and likely hear best in the
frequency range of their calls (Evans, 1973; Myrberg, 1978; Turl, 1980). Baleen whale
vocalizations range from below 10 Hz, to 25 kHz, with principal energy below I kHz (Table
4.3.1.1.1-1). At least 10 of the 11 extant species of mysticetes produce some form of low
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frequency sound below 400 Hz (Thompson et al., 1979; Watkins and Wartzok, 1985; Clark,
1990). Most of the low frequency sounds of coastal species, including fin and blue whales which
can sometimes be found in coastal waters, are usually in the 100-400 Hz band, while those of
pelagic (deep ocean) species are usually in the 10-100 Hz band. Fin whale sounds generally
consist of 20 Hz pulses (Watkins, 1981b) and blue whales have been recorded producing loud
(188 dB), long (>35 see) triplets of infrasonic (<20 Hz) moans (Cummings and Thompson, 1971;
Edds, 1982).

Table 4.3.1.1.1-1 lists the characteristics of underwater sounds produced by baleen
whales found off the coasts of the United States.

Three sounds are produced by humpback whales: "songs" produced in late fall, winter,
and spring by single animals; sounds produced by groups of humpback whales (possibly
associated with aggressive behavior among males) on the winter breeding grounds; and sounds
produced on the summer feeding grounds. The frequencies of these songs range from 40 Hz or
lower, up to 4 kHz, with components of up to 8 kHz (Thompson et al., 1979). Source levels
average 155 dB and range from 144 to 174 dB (Thompson et al., 1979). The songs appear to
have an effective range of approximately 10 to 20 km. Sounds often associated with possible
aggressive behavior by males (Tyack, 1983; Silber, 1986) are quite different from songs,
extending from 50 Hz to 10 kHz (or higher), with most energy in components below 3 kHz.
These sounds appear to have an effective range of up to 9 km (Tyack and Whitehead, 1983).
Sounds are produced less frequently on the summer feeding grounds and are at approximately
20-2000 Hz, with median durations of 0.2-0.8 sec and source levels of 175-192 dB (Thompson et
al., 1986).

- Blue whale moans within the low frequency range of 12.5-200 Hz, with pulse duration up
to 36 seconds, have been recorded off Chile (Cummings and Thompson, 1971a). A short, 390
Hz pulse also is produced during the moan. Overall source level was estimated to be as high as
188 dB, with most energy in the 1/3-octave bands centered at 20, 25, and 31.5 Hz, as well as
secondary components near 50 and 63 Hz (Cummings and Thompson, 1971a). Each sound was
uttered as a 3-part sequence.

Low frequency sounds (<110 Hz) have been recorded from at least six blue whales spread
over 6 km2 of the Gulf of Mexico (Thompson et al., 1987). Four of the animals, possibly
subadults, were traveling in pairs, and almost half of the recorded sounds were stereotyped
doublets, unlike the sounds recorded by Cummings and Thompson in the southern hemisphere,
and others recorded off California and Oregon (Cummings, pers. comm., 1991).

U.S. Navy Sound Surveillance System (SOSUS) underwater hydrophones in the western
North Atlantic tracked a solitary blue whale for 41 straight days during February-March 1993.
The distinct downward sweep of the "commas" on the spectrograms identifying the animal were
typically between 15-20 Hz and approximately 60 sec apart (Gagnon, pers. comm., 1993).
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Potential for physical auditory effects: With respect to physical auditory effects,
exposure of humans to high sound levels can accelerate the normal process of gradual hearing
deterioration with increasing age (Kryter, 1985), resulting in a permanent threshold shift (PTS).
This could presumably apply to marine mammals, as well. Ketten (1994) melds current
knowledge about acoustic trauma with marine mammal ear data as a framework for an informed,
albeit theoretical, discussion of what auditory impacts to marine mTammals, if any, are likely.
The following are excerpts from her findings (impact estimates are based on extrapolations from
available data):

Marine mammals are acoustically diverse with wide variations in ear
anatomy, range, and sensitivity. Like land mammals, dolphins, whales, and seals
have ears that are essentially a fluid-filed bony spiral containing a resonating
membrane and a series of frequency-pressure-energy detectors. With this-basic
device, some animals (e.g., dolphins) hear well into the ultrasonic range (>20
kHz), while others (baleen whales) hear well into the infrasonic range (<50 Hz).
Frequency ranges (hearing capacity) differ for each species based largely on
differences in stiffliess and mass of middle and inner structures. There are also
important differences among species in their sensitivity in any frequency band.

Marine mammals have both large hearing ranges and specialized ear
structures adapted to the acoustic characteristics of water rather than air-borne
sound. Their middle and inner ears are heavily modified from terrestrial mammal
ears to accommodate rapidly changing pressures encountered in deep dives, and
acoustic power relationships several magnitudes greater than in air. These
adaptations may coincidentally lessen the risk of injury from high intensity-noise
to some extent.

A key component of whether or not a hearing loss occurs is an animal's
ability to hear the frequencies of that sound source. Virtually all studies show that
the extent of a hearing loss depends on the frequency sensitivity of the animal,
and that losses center around the peak spectra of the source. For pure tones and
narrow band sound sources of short duration (<1 hr), threshold shifts occur at the
frequency of the stimulus. Any hearing impairment that may occur at frequencies
beyond those of the sound source would be expected to be much less pronounced,
unless the stimulus continues for very long time periods (e.g., a hydroelectric
power plant generator) or rapidly reaches an exceptionally high broadband
intensity (e.g., a seismic air gun).

Any damage is proportional to an animal's sensitivity. For most terrestrial
species, a signal must have an intensity 80 dB over the hearing threshold of the
animal, at that particular frequency, to produce a temporary threshold shift.
Therefore, a moderately intense sound source near an animal's best frequency
could possibly affect its hearing in that range, but would probably have little
effect in other parts of its hearing range.
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The duration of a threshold shift is generally correlated with both the
length of time and the intensity of exposure. If the exposure is short (<1 hr),
hearing is usually recoverable (i.e., temporary threshold shift (TTS) occurs); if
great (>8 hr/day), hearing is more prone to permanent degradation (PTS). With
short duration, narrow band stimuli, recovery periods can vary from hours to days.
TTSs have been produced in humans with underwater sound sources at leyels of
150-180 dB for frequencies between 700-5600 HIz (most sensitive range of human
hearing). [Hollien (1993) makes the argument that the dynamic range of human
hearing underwater may be lower than that described in Section 4.5.1.1 of this
EIS, which is based on underwater threshold experiments of three investigators.
There is no information as to whether the human range, or some lower range,
applies to marine mammals. If a lower value is appropriate, then the received
level that would cause a mysticete to incur TTS could be less than the assumed
150 dB.]

Given the similarities of whale and seal ears to land mammal ears, it is
certainly possible that a relatively intense sound source, like the proposed acoustic
thermometry signal, could produce acoustic impacts in some-but not all-species
in that sound field. Because the acoustic thermometry signal has a narrow
frequency band with slow onset, losses in any one animal are likely to be
restricted to frequencies in or near the broadcast band. Assuming TTS and PTS in
marine mammals occur at intensity-duration limits similar to those in land
mammals, and therefore that such noise trauma requires a signal 80 dB over
threshold, this means only those species capable of detecting signals lower than
90 Hz with sensitivity level below (better than) 115 dB threshold (+80 = 195 dB,
maximum project source level at 1 m range from the source) could possibly be
adversely impacted.

As an example, audiograms and anatomical data on marine mammal
hearing ranges imply that the humpback whale is likely to have adequately
sensitive low frequency hearing to be a candidate for temporary threshold shift
from the project source. For the humpback, a 150 dB or greater signal could
represent a significant hazard with repeat exposures. Any TTS would likely be
limited to the lower limit of their hearing range. Given that transmission loss
estimates stated elsewhere in this EIS are correct, intersecting a 150 dB level
requires a dive depth >670 m, which is believed to be beyond the normal limit for
humpbacks for even a single dive, let alone the many dives necessary to incur
PTS due to sound levels >80 dB above assumed threshold level. It is unlikely that
the hearing of any humpback whale would be adversely affected physiologically
outside the 150 dB sound field.

Based on Ketten's analysis, it appears possible that mysticetes could experience
discomfort or a temporary elevation of their hearing threshold if exposed to the source in the high
intensity zone (i.e., >150 dB). A temporary elevation in threshold levels would most likely last
from a few minutes to hours (TTS can be experienced for days in some cases, depending on the
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level and duration of noise exposure, among other factors). If TTS occurred, it could temporarily
reduce an animal's ability to hear calls, echolocation sounds, and other ambient sounds. Based
on Ketten's findings and assuming that the calculated sound field levels are correct, to suffer
"TTS, the animal must be:

"capable of hearing signals below 90 Hz and have hearing sensitivity below (better
than) 70 dB (150 dB-80 dB=70 dB) for frequencies below 90 Hz (assuming that TTS
would occur for received levels >80-100 dB above the absolute threshold, as for
humans listening in air, and that sound field levels are correct).

"* capable of diving deeper than 670 m (2200 ft) (making the same assumption as
above).

" within the 150 dB isopleth (at 670 m depth, 178 m radius from the source); choose
not to depart or be unable to depart the area; and/or be subjected to repeated
exposures. In this regard, it is assumed that if an animal considered the sound to be
annoying, it would depart the area during the 5-min source ramp-up period. All
marine mammals have adequate swim speed to accomplish this.

Provided that the above assumptions/criteria are correct and, as research data indicate,
that none of the four mysticete species are expected to dive to depths greater than 670 m, it
appears highly unlikely that they would experience direct effects, such as TTS or PTS.

Another concern which has been raised with respect to physical auditory effects is that
marine mammals exposed to the source could be injured or killed as a result of sound-induced
physiological damage, similar to that experienced by two humpback whales that died apparently
as a result of being exposed to two 5000 kg underwater explosive charges off the coast of
Newfoundland. Ketten notes, however, that there is a great difference between simple acoustic
trauma and blast injury, and that the humpback whales that died had experienced extensive ear
damage as a result of an extreme, sharp onset pressure source (Ketten, Lien and Todd, 1993),
unrelated to acoustic energy levels. In this respect, it is instructive to compare the acoustic
energy level originating from a single underwater explosion to the acoustic energy level in a
single ATOC source transmission. Using the aforementioned example of a 5000 kg charge of
TNT as an example, and applying the basic formula by Urick (1967), elicits the following
results:

Peak Explosive Overpressure, po(gPa) = 1.49X1014(W" 3/r) ''3

where,

W = Charge weight in lbs (note that 5000 kg = 11,000 lbs)
r =range in ft

and the related time constant, to(sec) = 58X106 W13 (W1/3/r)-0.22

The total acoustic energy, E, in this shock wave is given by:
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2E -- p.2(2pc)

where pc is the characteristic impedance of sea water.

To illustrate, at a range of 100 yds (91.4 m) from a 5000 kg charge:

p 0OiPa) = 7.8x10' 2 pPa at 91.4 m
t0(sec) = 2.28x10-3 sec

Similarly, the relative acoustic energy from a 20 min acoustic thermometry source
transmission at a range of 91.4 m can be calculated as follows (assuming a source level of
195 dB re I p•Pa-m, and spherical spreading losses to 91.4 m):

po(gPa) = 5.6xi0 7 JtPa at 91.4 m
t0(sec) = 1.2x10 3 sec

On a logarithmic basis, the ratio of the two source energies is given by:

1OLoglo[E(20 min/E(5000 kg TNT)]91•.4 m = -45.7 dB

Thus, at a nearby range of 91.4 m, the proposed project source would produce 45.7 dB
(45,700 times) less acoustic energy over a full 20 nin transmission than a single 5000 kg
explosive charge. The ATOC source, of course, does not produce an explosive shock wave, the
peak pressures from the two sources being different by a factor of more than 100,000 in
magnitude.

Mitigation Measure 3-1: A Marine Mammal Research Program (MMRP) will be carried
out in connection with the project in accordance with the protocols set forth in Appendix
C to this EIS. With regard to potential physical auditory impacts on mysticetes, a goal of
the MMRP will be to validate the assumptions regarding population distribution and
diving behavior, which form the basis for predicting the potential for effects from the
sound source.

- Potential for behavioral disruption: Previous studies of mysticete responses to human-
made noise have examined short-term behavioral responses to broadband industrial and
recreational vessel noise extending from below 75 Hz to 1000 Hz. There are no data on potential
auditory effects of a sound with specific ATOC source characteristics. To estimate how the
available data relate, or scale, to ATOC source transmission characteristics, the following must
be accounted for: 1) ATOC source bandwidth is 35 Hz, whereas noise produced by industrial
and recreational vessel sources usually have wider bandwidths (e.g., a semi-submersible drillrig's
broadband signals can cover as much as 3200 Hz [80-4000 Hz] [Greene, 1986], and a 70 hp
outboard motor's bandwidth is on the order of 3600 Hz [400-4000 Hz] [Stewart et al., 1982]); 2)
maximum duty cycle for the ATOC source would be 8%, whereas available data from industrial
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sources usually is based on duty cycles >50%; 3) peak power output of the ATOC source would
be 180 dB/Hz at 75 Hz; total power, integrated across the entire 35 Hz bandwidth (57.5-92.5 Hz)
would be 195 dB. Although most available data are not directly relatable to projected ATOC
source transmission parameters, basic physical acoustic phenomenology can be applied. In so
doing, estimates of potential impacts based on analysis of available data can, for the most part, be
considered relatively conservative.

Based on available studies and reported observations, the possible short-term reactions of
mysticetes disturbed by human-made noise include interruption of feeding, resting, or social
activities, abrupt diving, swimming away, and change in vocalization patterns (Finley, 1982;
Calkins, 1983). There are few data available concerning the potential effects of various types of
sound and other disturbance on cetacean. vocalization patterns (e.g., call type, rate and intensity).
Moreover, there is little information about the consequences if communication, echolocation, or
ambient sounds are masked for various periods of time. Too little is known about the functions
and importance of these natural sounds in the lives of even the best-studied species of marine
mammals. Masking affects primarily the weaker sound signals received from distant sound
sources, and the masking noise must be strong in order to conceal strong signals from close
sources. There is little information about the importance to marine mammals of hearing the
weak sounds that are most subject to masking (Richardson et al., 1991). During the 1991 Heard
Island Feasibility Test (HIFT), sperm whales and pilot whales were heard in 23% of 1181 min of
baseline acoustic surveys, but in none of the 1939 min during transmissions (57 Hz at 209-220
dB source level). Both species were heard within 48 min after the end of the test (Bowles et al.,
1994). It is unknown whether the animals' hearing was masked during this time or that they only
responded by curtailing their vocalizations.

There is also - great deal of variability in animal responses, even among individuals of
the same species. Reasons for this variation can be physical (e.g., varying/increasing as opposed
to steady sound levels; sound propagation conditions; and background noise levels) and/or
biological (e.g., the animals' activity; age and sex class; habitat; habituation, and individual
variation) (Richardson et al., 1991).

Studies of the effects of simulated and actual oil industry noise on bowhead whales
(Balaena mysticetus) conducted in the Beaufort Sea from 1980 to 1991, showed a wide variation
in behavioral reactions to received levels of noise depending, in part, on the source and
characteristics of noise, the whales' activities when exposed, and the physical situation, as well as
individual variation among animals exposed. Reactions to increasing noise levels from
approaching boats occurred at received levels as low as 90 dB. In both spring and summer,
approximately half of the whales exhibited avoidance when the received level of steady drillship
or dredge noise was about 115 dB, or 20 dB above ambient. However, in the spring some whales
tolerated the levels of drilling sound up to 135+ dB if the only available migration route through
ice required close approach to a sound projector. Whales exhibited avoidance behavior to
repetitive pulses from airgun arrays only at received levels exceeding 150-180 dB (as well as
more subtle behavioral changes to weaker pulses) (Richardson et al., 1991).
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Acoustic disturbance studies conducted by Malme et al. (1984) showed a 50% avoidance
to continuous sound levels of >120 dB by all gray whales sighted during the test conducted with
a source over the side of a vessel located in the middle of the gray whale migration path. The
change in behavior of the migrating whales was brief and minor, involving a slight deflection in
the migratory path. One could argue that the animals simply detected a potential obstruction and
made a relatively mild deflection in their course to avoid the obstacle (NRC, 1994). For
impulsive airgun sounds of <0.5 sec duration, effective pulse levels 30 to 50 dB higher are
required to produce 50% avoidance for the same species. The 120 dB value appears to be
roughly constant among the mysticetes tested, including gray whales (Malme et al., 1984; Tyack
et al., 1991); bowhead whales (Richardson et al., 1991); and humpback whales (Malme et al.,
1985), but is qualified by species, social context, and source characteristics. In general,
observations indicate that marine mammals show fewer and less pronounced short-term
behavioral responses to sources with constant and predictable acoustic characteristics, than to
sources with variable and unpredictable acoustic characteristics (Malme et al., 1984; Richardson
et al., 1985), but this has not been quantified.

Studies were conducted by Frankel, Herman, and Mobley in 1985-86 (reported by
Mobley et al., 1988) of humpback whales in Hawaiian waters exposed to the playback of
humpback songs (50 Hz-10 kHz), social sounds (200 Hz-3 kHz), Alaskan feeding calls (450-550
Hz), artificially synthesized sounds (10 Hz-l.4 kHz), and blank tape control. Results showed
that the minimum received level that produced a strong reaction (rapid approach to the boat) was
113 dB for an empirical model using l7logR for transmission loss to estimate received levels
based on source levels.

According to Maybaum (1989), humpback whales in Hawaiian waters exhibited
avoidance behaviors (i.e., increased their distance from the sound source) when presented with
sounds of a 3.3 kHz sonar pulse, a sonar frequency sweep from 3.1 to 3.6 kHz, or a control
(blank) tape. While the two types of sonar signals differed in their effects on the whales, both
elicited avoidance behaviors (the animals increased their distance from the sound source). The
strength of this effect varied directly with time. Responses to the frequency sweep primarily
consisted of increased swimming speeds and track linearity. The latter was a direct function of
increasing sound intensity. Overall, the sounds did not strongly or consistently affect the whales'
dive cycles or vocalizations. Observed avoidance reactions may have resulted from possible
resemblance between the sonar signals and natural sounds in the humpback's environment that
are associated with biological threats or warnings.

During gray whale migration, Wyrick (1954) noted that the animals changed course at a
distance of 200-300 m to move around a vessel in their paths. Sumich (1983) recorded that the
fastest moving grays near a boat breathed and used energy more rapidly than slower whales.
Hubbs and Hubbs (1967) suggested that migrating gray whales disturbed by ship/boat traffic tend
to exhale more underwater and expose their blowholes only to inhale. Cummings and Thompson
(197 1 b) noticed the same behavior in response to playbacks of killer whale sounds (one of their
only predators). Bursk (in Atkins and Swartz, 1989) reported that the rate of course change by
migrating grays can be correlated with the number of vessels in the vicinity, particularly whale-
watching boats. In the presence of boats or playbacks of outboard noise, gray whale call rate
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increased, call structure changed, and average received levels of calls increased. The higher
received levels were interpreted to mean that source levels of the calls had also increased in the
presence of boat noise, not because the whales were seriously disturbed, rather to reduce masking
of the calls by the boat noise (Dahiheim et al., 1984).

Cowles et al. (1981) noted that the eastern Pacific gray whale population continues to
migrate along the west coast of North America, despite the growing number of ships, boats, low-
flying aircraft and thrilcaft.

In summary, variations in sensitivity to human-made noise between and within marine
mammal species and lack of information about the consequences of short-term disruptions on
marine mammals, make it difficult to define the criteria of their responsiveness and to assess the
consequences of.a disruption in their natural activities. Disruption of marine mammals as a
result of human-made noise can be expected to result in interruption (at least briefly) of normal
behavioral and social interactions with other animals of their species, an increase in energy cost
(whether or not feeding was disrupted), and displacement to a habitat that may be less suitable.
Displacement also can have the benefit of removing the animal from a location where, had the
animal remained, there might be more serious consequences (e.g., by reducing the masking effect
of the human-made noise or the physiological stress that might continue if the animal remained
close to the noise source).

Social disruption is a potentially important disturbance factor. Animals that are
aggregated may flee in different directions upon the approach of a fast, noisy vessel or thriUicraft,
or low-flying aircraft The duration of this social disruption rarely has been measured, but is
sometimes several hours (e.g., cetaceans engaged in cooperative feeding or sexual activity)
(Richardson et al., 1991). The possible consequences of this intrusion on marine mammals are
poorly understood. It could possibly result in changes to social order, sexual behavior, parental
care, or cooperative activities. It only can be assumed that repeated social disruption is a
disadvantage because it could decrease or disrupt activities that would have occurred naturally
and, in turn, could adversely affect the social ordering that probably took some measure of time
and energy to establish.

The possibility of separation of dependent young from their mothers is a potentially
severe consequence of disturbance-induced social disruption. Although, in baleen whales, older
nursing calves occasionally are separated from their mothers by a few hundred meters, with
apparently no ill effects detected.

Richardson et al. (1991) suggested that these isolated disturbance incidents usually have
minimal or no lasting effects, as marine mammals around the globe continuously cope with
occasional disruption of their activities by predators, poor weather conditions, unusual ice
conditions at high latitudes, and other unpredictable natural phenomena.

Richardson et al. (1991) also speculated that although there is little definite information
about the long-term effects of short-term disturbance reactions, isolated disturbance incidents
usually have minimal or no lasting effects and that the energetic consequences of most single
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disturbance incidents probably are insignificant. They noted, however, that recurrent incidents of
interrupted feeding and rapid swinmming, if sufficiently frequent, can have negative effects on the
well-being of individuals. The frequency and duration of disturbance that might initiate negative
effects are unknown, and would undoubtedly depend on the species, area, feeding requirements,
and reproductive status of the marine mammals involved (e.g., animal in regions with abundant
and widely distributed food resources would likely be less severely affected than in areas where
feeding is necessary but suitable food is less readily available). Animals most severely affected
would likely be pregnant or lactating females and other animals subject to heavy natural energy
drain.

Richardson et al. (1991) also noted that the long-term implications of prolonged
disturbance, as might occur if a stationary and continuously noisy human activity were
established near a marine mammal concentration area, would depend, in part, on the degree to
which the marine mammals habituate. If they fail to habituate and, as a consequence, are
excluded from an important concentration area or are subject to ongoing stress while in that area,
then there could be long-term effects on the individuals and the population. Conversely, when
habituation occurs, as it does for some marine mammals exposed to ongoing human activities,
then the consequences may be minimal.

As summarized by Richardson, et al. (1991), some marine mammals have been found to
tolerate, at least over periods of a few hours, continuous sound received at levels greater than 120
dB. During one study, 50% of migrating gray whales exhibited avoidance reactions at industrial
noise levels (drill ship) of 117-123 dB, and 10% reacted to levels >110 dB. It is doubtful that
many marine mammals would remain in areas where received levels of continuous noise remain
at or above 140 dB, unless hearing is impaired. Tolerance of mysticetes to an ATOC source
transmission sound level of 120 dB, at 2% or 8% duty cycles, is uncertain.

Some general conclusions can be drawn from the relative abundance of various mysticete
species in relationship to the ATOC sound fields. The only mysticete expected in the area is the
humpback whale, and because they usually prefer nearshore locations (inside the 100-fathom
[200 m] depth contour), few are expected to be exposed to received levels > 120 dB. This theory
is supported by the 1993-94 M.VIRP baseline data as shown in Figures 4.3.1.1.1-1, -2, and -3.
Note that the total number of humpback whales located inside the predicted 120 dB sound field
during the designated time periods were 4, 0, and 5, respectively. The full reports on these data
"collection activities are included in Appendix G.

Mitigation Measure 4-1: As provided in mitigation measure 2-1, the duty cycle and
power levels of the ATOC source would be adjusted to the minimum necessary to support
research objectives, so that potential impacts to mysticetes would be minimized

Mitigation Measure 4-2: As provided in mitigation measure 3-1, a MMRP will be
carried out in connection with the ATOC project in accordance with the protocols set
forth in Appendix C to this EIS. With regard to potential impacts on mysticetes, a goal of
the MMRP will be to identify the nature, frequency, and significance of any responses to
ATOC source transmissions.
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Source installation and operation at any of the site alternatives would also be expected to
have minimal impacts from potential behavioral disruption on mysticetes, except for the
autonomous moored source alternative, where the uncertainty of increased numbers of mysticetes
other than humpback whales necessitates the assessment of this potential to be unknown.

- Potential for habiuatn: Habituation was defined by Richardson et al. (1991) as the
development of reduced response when there is repeated or continuous exposure to a stimulus
and when the stimulus is not accompanied by anything that the animal "perceives" as
threatening. Many human-made sounds, both waterborne and airborne, fall into this category.
While relatively few studies of habituation in marine mammals have been done, several cases of
apparent habituation have been reported in baleen whales (Watkins, 1986; Dolphin, 1987; Maline
et al., 1985; Richardson et al., 1985c, 1990b) which suggest they tend, over time, to become less
sensitive to certain types of repeated noise and disturbance which they perceive as non-
threatening. Animals are also more likely to habituate to a sound with relatively steady
characteristics than to a highly variable sound.

Richardson et al. (1991) noted that it is not known how often an animal must be exposed
to a stimulus to remain habituated (e.g., whether animals exposed and habituated to a disturbance
during one year would still be habituated the next year).

Several cases of apparent habituation have been reported in baleen whales. When
wintering gray whales first enter the calving lagoons of Baja, California, they are wary of small
boats. However, later in the winter they are less cautious, and some individual animals actively
seek out motorboats (Swartz and Jones, 1978). Watkins (1986) suggested that, near Cape Cod,
reactions of various species of baleen whales-changed over the years as whale-watching cruises
became popular. Some species, particularly humpback and fin whales, have become less wary of
boats in recent years. Dolphin (1987) reported that humpbacks off southeast Alaska initially
reacted to an outboard motorboat used in his research, but soon accommodated it. Malme et al.
(1985) suggested that reactions of humpbacks to noise pulses from an airgun waned after the first
exposure. Richardson et al. (1985, 1990b) found that some bowheads remained near dredges and
drillships that were producing continuous noise, even though bowheads exhibited at least weak
avoidance reactions at the onset of about the same levels of drillship or dredge noise. These
observations suggest that marine mammals, like other animals, tend, over time, to become less
sensitive to noise and disturbance to which they are repeatedly exposed. However, this reduction
in responsiveness is not likely to occur if the animals are harmed or harassed severely when
exposed to the noise or disturbance.

Generally, habituation effects can be considered beneficial, since they limit the direct
impact of a stimulus. Habituation can be detrimental, however, if it leads to a lack of response to
hazardous situations or, in the case of noise, results in hearing loss. For example, habituation to
low frequency sounds, including sounds from large vessels, could lead to decreased avoidance of
vessels and increased injury or death from collisions. It can also limit an animal's capability to
hear vocalizations from other animals. However, in the ATOC source vicinity, noise from
existing vessel traffic would be expected to have a much greater habituating effect than that from
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the ATOC sound source, yet no such increase in collisions from habituation has been
documented.

- Potential for long-term effects: According to Richardson et al. (1991), it is rarely
possible to identify the specific cause of an apparent long-term effect (e.g., prolonged
displacement), and even the occurrence of displacement can be difficult to detect However, that
there are a few reports of probable or possible long-term displacements of marine mammals from
local areas in which underwater noise was presumably a major factor. The best documented of
these reports was the abandonment by gray whales of a calving lagoon in Baja California for
several years, and their return after vessel traffic diminished (Gard, 1974; Reeves, 1977; Bryant
et al., 1984). Apparent distributional changes of humpback whales around Maui, as a result of
human activity, are discussed in Subsection 4.3.1.1.2 below.

Changes in marine mammal use of an area may be quite slow and difficult to detect,
given the long lifetimes of most marine mammals and the slow rate of change in habitat quality
in many areas. Most of the research directed specifically at this topic has been done in the past
15 yrs. If marine mammals did react to noise from human activities by reduced use of certain
areas, there would, in many cases, be insufficient reliable and systematic information to
document the trend. In contrast, it is rather straightforward to document cases where marine
mammals remain in an ensonified area. Thus, cases of partial or even complete abandonment of
disturbed areas may be more common than available evidence indicates (Richardson et al.,
1991).

Surveys were done in 1984 to determine the effects of noise on gray whales that calve
and breed in San Ignacio Lagoon, Mexico (Jones et al., 1994). Regression analysis of the high
gray whale counts in the years 1978-82 and 1985 indicated that, during that seven year pefiod,
the maximum number of whales present in the lagoon increased an average of 4.5%/yr. The
study results suggested that the noise-effect studies conducted in 1984 caused both single whales
and cow-calf pairs to abandon or avoid the lagoon, but most, if not all, of the whales returned and
used the lagoon in 1985, as they had during the 1978-82 timeframe. The 1984 noise-effect
studies consisted of continuous long-term underwater playbacks of the following sounds: killer
whale, oil-drilling rig, outboard motor, gray whale vocalizations, and a calibration test tone.
Source levels ranged from 70 dB (200 Hz) up to 145 dB (2.5 kHz), and the ambient noise levels
measured in the lagoon were quite high, at 94-110 dB (mostly in the 2-5 kHz frequency band).

Although the potential significance of permanent displacement is difficult to determine.
Richardson et al. (1991) speculated that in an area of small size relative to range, where the
density of animals is low, and similar to the densities in many other areas, it is unlikely to be
critical either to individuals or to the population. They noted, however, that effects of
displacement would be more problematical in areas consistently used by high concentrations of
animals or areas important to a small, but critical component or function of the population (e.g.,
mothers with calves, or mating).

Animals that appear to tolerate human-made noise are presumed to be less affected by the
noise (e.g., through habituation) than are others whose behavior is changed overtly, sometimes
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with displacement. However, as noted by Richardson et al. (1991), the presence of marine
mammals in an ensonified area does not prove that the population or individuals therein are
unaffected by the noise (i.e., the number of animal in the ensonified area may be only a fraction
of the numbers that would have been there in the absence of the noise). Also, as noted earlier,
marine mammals may stay in an area despite the presence of a noise disturbance if there are no
alternative areas that meet their requirements (Brodie, 198 lb). In response to such situations,
animals may experience stress, causing physiological responses. Although such responses may
increase an animal's ability to cope with various situations (Turner, 1965; Russell, 1966; Selye,
1973), chronic activation of these physiological mechanisms eventually could lead to harmful
physiological effects (Selye, 1973).

According to Richardson et al. (1991) only one study of noise-induced stress in marine
mammals has been conducted. Thomas et al. (1990) measured plasma catecholamines (elevated
levels often found in stressed mammals) in captive white (beluga) whales before and after
exposure to playbacks of recorded semi-submersible drillrig noise. Although noise exposure did
not lead to elevated levels of catecholamines in the animals' blood, Richardson et al. (1991) note
that the significance of the study results is unknown, especially in view of the short durations of
noise exposure. The long-term health effects of chronic noise exposure are unknown, although it
appears that marine mammals do exhibit some of the same stress symptoms as terrestrial
mammals (Thomson and Geraci, 1986; St. Aubin and Geraci, 1988). Studies of
terrestrial mammals have shown that physiological reactions, such as elevated heart rate, may
occur even in the absence of overt behavioral responses (MacArthur et al., 1979).

In summary, the potential for adverse impacts from long-term exposures to the ATOC
sound fields is unknown; however, all marine mammal exposures to subsea sounds would be
miffiized wherever feasible.

Mitigation Measure 5-1: As provided in mitigation measure 2-1, the duty cycle and
power levels of the ATOC source would be adjusted to the minimum necessary to support
research objectives, so that potential long-term impacts to mysticetes would be
minimized

Mitigation Measure 5-2: As provided in mitigation measure 3-1, a MMRP would be
carried out in connection with the A TOC project in accordance with the protocols set
forth in Appendix C to this EIS. With regard to potential long-term impacts on
mysticetes, a goal of the MMRP will be to identify the nature, frequency and significance
of any long-term changes due to ATOC source transmissions (via comparison of animal
distribution data before, during, and after source transmission periods over a two-year
period).

Source installation and operation at any of the site alternatives would also be expected to
have minimal potential long-term impacts on mysticetes, except for the autonomous moored
source alternative, where the uncertainty of increased numbers of mysticetes other than
humpback whales necessitates the assessment of this potential to be unknown.
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Potential for masking: Masking processes in baleen whales are not amenable to
laboratory study, and no data on hearing sensitivity are available for these species. Yet, as noted
previously, mysticetes and other marine mammals likely are well-adapted to coping with some
increase in masking as a result of natural and human-made noise. However, since baleen whales
are assumed to be sensitive to low frequency sound, the maximum radius of audibility of low
frequency industrial noise for these species is to be determined by background noise levels. As
noted earlier, it is not currently possible to determine with any level of quantitative precision the
potential consequences of elevated background noise levels, particularly when they are
temporary and local. More data are needed on: 1) the functional importance to marine mammals
of faint signals from other members of their species, predators, prey, and other natural sources; 2)
the signal detection abilities of marine mammals in the presence of background noise, including
directional hearing abilities at frequencies where masking is an issue; and 3) abilities of marine
mammals to adjust their call intensities and perhaps frequencies to minimize masking effects.

Masking as a result of human-made noise can interfere with the detection of acoustic
signals, such as communication calls, and other environmental sounds that may be important to
marine mammals and, at least in theory, a source of noise will be surrounded by a region within
which masking may occur. However, the size of this zone is highly variable, even for a single
marine mammal and a single type of noise. The maximum radius of masking depends on several
factors. Among the most important of these is the received level of the noise relative the original
signal.

For an animal close to a source of human-made noise, the noise level would be high and
the animal would be able to hear only nearby animals. For an animal farther from an industrial
site, the noise level would be lower and the animal would be able to hear calls from more distant
animals. The same arguments apply to detection of other environmental sounds that may be of
interest to the animals.

Dramatic reductions in maximum potential radius of communication could result if
ambient noise levels are increased by 10-20 dB throughout that range, while other factors (e.g.,
the animals' directional hearing ability, and the directionality of the noise source[s]) remain
relatively constant. Species that may communicate acoustically over long distances, such as
some baleen whales, would be most seriously affected. There is little information about the
functions of most marine mammal calls. Hence, it is impossible to predict the effects of a
reduction in the range to which these calls are detectable. Payne and Webb (1971) suggested that
some baleen whales use powerful low frequency calls to communicate over very long distances.
However, there is no evidence that whales respond to one another over ranges greater than about
20-25 km (Watkins, 1981 b), but this may be largely a result of limited observation methods
(Richardson, pers. comm., 1994).

During the proposed sound transmissions (mostly 2% of the time), sound levels (in the
57.5-92.5 Hz band) in the vicinity of the source, and out to a radius of approximately 500 km,
could be greater than average ambient levels. At these times, masking of communication calls
and other environmental sounds which may be important to mysticetes could occur in some
portion of the ensonified area if those sounds are in the same band as the ATOC source.
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However, there is virtually no information about the nature and effects of masking under field
conditions, nor about the adaptations that marine mammals may use to reduce masking effects.
The few relevant data on masking have come largely from studies of high frequency
echolocation by toothed whales. The importance to mysticetes of barely-detectable calls from
distant conspecifics is unknown, so the biological significance of masking of faint calls is,
likewise, unknown, and may be minor or negligible at most times (Richardson, pers. comm.,
1994). Thus, the extent to which masking may occur, or the extent to which mysticetes might be
affected by such masking is unknown.

For species with broad spectrum hearing, presumed to be the case for mysticetes,
masking from a narrowband source, such as ATOC, may be incomplete. Moreover, the
relatively short transmission times and low duty cycle mean that the source only would mask
sounds for brief periods; sounds longer than this would not be completely masked (e.g., a ship
approaching from a distance). Therefore, in light of the number of mysticetes that may be
exposed and the relatively brief and intermittent nature of the ATOC source transmissions,
masking effects are uncertain, but presumed to be minor for all alternatives.

Potential for indirect effects: Indirect effects include those effects that potentially could
be caused by the proposed action and are later in time, or farther removed in distance, but would
still be reasonably foreseeable. The principal indirect effect in this case would be any potential
impact on the food chain that ultimately could affect mysticetes in the vicinity of the study area.
Althougn rare, isolated incidents of serendipitous feeding by humpback whales in Hawaiian
waters have been observed by researchers (Diaz-Soltero, pers. comm., 1995). Humpbacks
primarily feed on euphausiid prey species (Thysanoessa spinifera) during winter months in
central California waters (Schoenherr, 1991; Kieckhefer, 1992).

Humpbacks are known to feed almost continuously during summer months in North
Pacific (high latitude) and Arctic waters on one species in particular, the red euphausiid shrimp
(Euphausiapacifica), commonly called krill, but also on schools of mackerel, sand lance,
capelin, and herring (Jurasz and Jurasz, 1979). This provides a major food source for humpbacks
and other mysticetes in the region (e.g., blue, fin, sei). The euphausiids provide these animals an
unusually efficient two-step food chain, enabling a much greater biomass of large animals to be
supported than would be the case if most of them preyed upon animals of intermediate size
(McConnaughey, 1970).

If low frequency sounds were to affect krill, or benthic fauna, depending on the extent to
which their availability might be altered, there could be negative consequences to the marine
mammals that feed on them. There is laboratory evidence that such sounds can affect egg
viability and growth rates of fish and invertebrates (Banner and Hyatt, 1973; Lagardere, 1982).
Thus, intense sounds in the open ocean (e.g., >150 dB), potentially could affect the availability
of organisms in the food chain of marine mammals, even if these organisms do not have auditory
receptors.

MMRP activities, and acoustic source transmissions under the proposed action that would
be conducted from the seabed off the north coast of Kauai, or the Johnston Atoll alternative,

4-27



ENVIRONMENTAL CONSEQUENCES

would have no effect on the primary food species of humpbacks in the North Pacific and Arctic
regions and, consequently, probably no effect on their food chain. The potential for the moored
source alternative to affect food species for any of the mysticetes that may inhabit the vicinity of
the moored source would be directly dependent on the site(s) selected. Presumably, a principal
criterion for moored autonomous source site determination would be a low density of mysticetes
which would, in turn, minimize the potential for indirect effects.

For a more thorough discussion of the potential direct, indirect, and cumulative impacts
of the proposed action on krill and other invertebrates, which are the prey species of mysticetes,
see Section 4.3.2.3. The potential direct and indirect effects of the alternatives are summarized in
Table 4.3.1.1.3-1.

4.3.1.1.2 Potential Cumulative Effects on Mysticetes

The types of actions that might reasonably be considered to have the potential to interact
to affect mysticetes in the study area are noisy activities: e.g., merchant shipping and other
vessel-related activities, recreational water activities, marine and nearshore construction and
resort operations, aircraft operations, and research activities that could add cumulative noise
stimuli to the marine environment. The discussions below also account for MMRP-related
activities: 1) aerial visual surveys/observations, 2) shipboard acoustic surveys/observations.

• Merchant shipping and other vessel-related activities: In addition to the potential for
vessel collisions, noise from ships and boats is a cause for concern in relationship to impacts on
baleen whales.

Collisions with ships are an increasing threat to many whale species. As ships get larger
and faster and the numbers of vessels and/or whales increase, the incidence of encounters is
expected to increase. Commercial and recreational vessels are potential collision threats to
whales in offshore regions of the north Kauai coast.

According to Glockner-Ferrari et al. (1987), the number of physical injuries to calves,
juveniles, and adult humpbacks as a result of collisions with boats has increased in Hawaiian
waters. At least 5 humpbacks photographed in southeastern Alaskan waters have exhibited large
dents or gashes on the upper body that probably were caused by collisions with vessels. Most of
those whales were also noticeably skittish when approached by boats or skiffs for fluke
photography (NMFS, 1991).

Vessel size, hull construction, speed, mode of operation, and state of maintenance, among
other things, influence ship noise levels. Large vessels generally produce more sound than small
vessels; fully loaded (or towing/pushing) ships produce more sound than partially full or empty
ships; speed increases noise in both loaded and unloaded vessels; and older or more poorly
maintained vessels generate more noise than newer or well-maintained vessels. Source levels in
the strongest third-octave band may range from 150-160 dB for outboards and other small
vessels, to 185-205 dB for supertankers and large container ships (Richardson et al., 1991).
Supertankers or other large ships may create potentially disturbing noise for many kilometers
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around the vessel (Tyack, 1989) (Figure 4.3.1.1.2-1 superimposes an idealized supertanker's area
of influence over that of the proposed Kauai site's). The most significant source of noise in many
waters, cavitation (bubbles) produced by ship propellers, may be impossible to eliminate.
Physical oceanographic factors (Payne and Webb, 1971; Watkins and Goebel, 1984) and
submarine topography influence sound propagation and, therefore, the distance at which sound
might affect a whale's behavior (NMFS, 1991).

Short-term disturbance of humpback whales by vessels has been investigated in Alaska
(Baker et al., 1982, 1983; Kreiger and Wimg, 1984; Baker et al., 1988) and in Hawaii (Bauer and
Herman, 1986). Observed responses to vessels included attempts to move away, changes in
patterns of breathing and diving and occasional displays of possibly aggressive behavior. Baker
et al. (1983) described the responses of whales to vessels as follows: 1) "horizontal avoidance"
of vessels 2-4 km away, characterized by faster swimming with few long dives; and 2) "vertical
avoidance" of vessels from 0-2 km away, during which whales swam more slowly, but spent
more time submerged. Other responses observed, such as trumpeting (Watkins, 1967a) or
breaching (Whitehead, 1985), lobtailing, or flipper slapping may sometimes indicate disturbance,
but may also signify general excitability (Baker et al., 1988). The significance of the extra
energy costs incurred by whales responding in these ways is not known. Whales appear to
respond less to vessels when actively feeding (Baker et al., 1988) or energetically involved in
any other behavior (Hall, 1982).

Responses of Hawaiian humpback whales to vessel traffic were monitored over two
winter seasons during 1983-1984 off Maui, Hawaii. A variety of vessel characteristics including
vessel numbers, speed, and proximity were associated with changes in whale behaviors,
including swimming speed, respiration, and social behaviors. Smaller pods and pods with a calf
were more affected than larger pods. A case study suggested that a calf could be so sensitized by
the passby of a large vessel, that it subsequently breached in response to noise from a smaller
boat engine which previously elicited no behavioral change. The overall results (although
differing with categories of whales; e.g., singers, single adults, mothers, calves) suggested that
humpbacks often avoid (e.g., by increased frequencies of surfacing without blows and dives
initiated without raised flukes) or, in some cases, exhibit direct threat behaviors toward vessels at
distances of 0.5-1 km away. These findings, in conjunction with similar results from summering
humpbacks in Alaskan waters, indicated disturbance of humpback whales at both winter and
summer ranges. The researchers concluded that although substantial short-term effects were
noted, the potential long-term negative consequences of such short-term stress (e.g., on fertility)
could not be assessed (Bauer, 1986; Bauer and Herman, 1986). It should also be noted that
humpback whales may not respond to noise or other stressors until some threshold level is
exceeded.

Richardson et al. (1991) summarizes that marine mammals show wide within-species
variations in sensitivity to human-made noise. They sometimes continue their normal activities
in the presence of high levels of human-made noise, while at other times members of the same
species exhibit strong avoidance at much lower noise levels. This apparent variability is partly
attributable to variations in physical factors, specifically the characteristics of the human-made
noise, its attenuation rate, and the background noise level. However, the variability in responses
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is also partly attributable to real differences in the sensitivity of different animals, or of the same
animal at different times. Some of these differences are associated with differences in activities
(e.g., resting vs. feeding vs. socializing), age and sex differences, habitat effects, habituation, and
residual individual variation. Thus, the radius of responsiveness varies widely among
individuals, between locations, and over time. No single criterion of disturbance will apply to all
circumstances, even for a particular type of animal and a particular human activity.

Northern right whales have shown lack of responsiveness to boat noise in the Cape Cod
area during mating or surface feeding (Mayo and Marx, 1990). Watkins (1986) found that
northern right whales generally moved slowly, but consistently away from passing ships, often
dived quickly when disturbed, and were consistently quiet when disturbed. Right whales seen
from whale-watching vessels tend to orient away from the vessels when first spotted, but not
when last seen (Kraus, in Atkins and Swartz, 1989).

There have been virtually no detailed, calibrated behavioral studies on the reactions of
fin, blue and minke whales to vessel noise. However, reactions of these three species to vessel
traffic while they were summering in the St. Lawrence estuary have been described in three
studies (1973-75, 1979, 1980). During the first two-year period, 232 vessel-whale encounters
were opportunistically observed (Mitchell and Ghanime, 1982). In about 15% of the cases, the
animal(s) departed the vicinity of the boat/ship noise immediately. About 85% of the time, they
remained in the area, but most changed direction abruptly or dove to avoid close approach by the
vessel. When whales remained (probably within range of the vessel sound field), surfacing and
respiration patterns did not change in any consistent way.

Based on the second study, Edds and Macfarlane (1987) found that fin whales avoided
most vessels by slight changes in heading, or by increasing the duration and speed of underwater
travel. Edds and Macfarlane also believed that low frequency vessel noise masked some fin
social sounds, and higher frequency outboard motor noise masked minke whale sounds.
However, they did continue to vocalize in the presence of vessel noise (Edds, 1988).

The behavior of fin and blue whales was observed in the third study, during 1980.
Macfarlane (1981) noted that the manner of approach, rather than the boat size or distance,
seemed critical-a slow approach, even by a large boat, usually caused little reaction; but fast,
erratic approaches to blue whales reportedly caused flight reactions, separation of a pair, shorter
series of respirations, and temporary movement out of the area.

Recreational water activities: Increased vessel traffic and a significant increase in
human activities off the coast of almost all the main Hawaiian Islands since the 1940's and 50's
appears to have resulted in decreased numbers of humpbacks in those areas. Herman (1979)
noted that humpback density "tends to be inversely related to the concentration of human
population on shore or human-related offshore marine activities." Similarly, Kaufman and Wood
(1981) stated that "usage of the observation area [varied] inversely with the amount of daily boat
traffic."
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Glockner-Ferrari and Ferrari (1985) reported that parasailing operations (involving
towing a person in a parachute harness behind a high-speed motorboat) in combination with jet
skis, inter-island hydrofoils, and other boat traffic in the Lahaina-Kaanapali area, have resulted in
humpbacks abandoning preferred nearshore resting areas. Green and Green (1990) also reported
a reduction in whale sightings in their study area as a result of parasail operations.

Based on the above information, albeit limited in detail and geographical scope, it would
appear that there may be some correlation between increased recreational water activities in the
Hawaiian Islands and lower numbers of mysticetes in proximity to those activities.

- Marine and nearshore construction and nearshore resort operations: According to
Shallenberger (1978), noise, vibration, and turbidity associated with construction (e.g., pile
driving, blasting, dredging, filling, etc.) at or near shoreside may cause whales to abandon an
area. Bowhead whales tolerate some dredging noise, but are displaced when dredge noise is
sufficiently strong (Richardson et al., 1990).

Cetaceans, all of which remain in the water throughout their lifetime, are presumably less
susceptible to nearshore disturbances caused by increased human presence (e.g., during
construction or nearshore resort operations) than are pinnipeds that haul out on land. However,
gray whales summering close to shore near St. Lawrence Island, Alaska, have been reported to
move away when humans appear or move about on the shoreline (Sauer, 1963).

Major facilities, such as hotels and condominiums, located nearshore often generate noise
from air conditioning equipment, swimming pool pumping systems, inc. into the ocean
environment Townsend (1991) used the Kaanapali, Maui area as an example in this regard,
noting that it has over six major resort hotels and at least six condominium complexes containing
shoreside swimming pools, networks of fountains and waterfalls, and large ventilation and air
conditioning systems, and contributes to large numbers of swimmers in the nearshore zone.

The potential for impacts on mysticete habitat due to nearshore resort operations would
most likely be related to small boat (thrillcraft, parasailing, fishing, whale-watching), and small
aircraft (whale-watching, etc.) operations that occur in proximity to the animal(s). The possible
effects of these resort activities on the whales' environment have not been directly assessed to
date. However, as stated above, it has been reported that parasailing operations, in combination
with jet skis, inter-island hydrofoils, and other boat traffic in the Lahaina-Kaanapali area, have
resulted in humpbacks abandoning preferred nearshore resting areas. There has been some
increase in humpback numbers since the recent ban on thrillcraft in the area(Ferrari, pers.
comm., 1994).

- Aircraft operations: Aircraft are known to affect whales. Shallenberger (1978),
Herman et al. (1980), and others found, however, that whales did not react consistently to
aircraft. Aircraft flying as high as 305 m (1000 ft) can elicit responses from whales, while
aircraft at half that height sometimes do not. Factors that are known or suspected to affect
reactions to aircraft include the loudness of the engines, lateral distance from the aircraft to the
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animal, speed of the aircraft, wind speed, wave height, water depth, distance from shore, and the
age, sex, number, and activities of the whales.

In Hawaiian waters, inter-island commuter traffic and small private planes are the major
sources of potential aerial disturbance. These planes fly regularly among all the islands, often
crossing areas of high whale concentrations at altitudes of 305 m and less. Pilots occasionally
divert from their flight path to circle whales so that passengers can view or photograph them.
Helicopter tour operators also disturb humpback whales by flying low or hovering in their
vicinity (Tinney, 1988). Noise from low-flying aircraft has apparently declined in the past few
years, in response to greater awareness and recognition of the potential for disturbing whales.

Noise from military airplanes and other government exercises also are potential sources
of disturbance. In Hawaii, aerial exercises are executed with planes from Hickam Air Force
Base, Kaneohe Marine Corps Air Station, and Barbers Point Naval Air Station on Oahu.
concerns about the possible effect of military activities on humpback whales were addressed in a
consultation between the U.S. Navy and NMFS regarding the use of Kahoolawe as a target island
in 1979. Subsequently, the Navy has ceased using the island as a target range. It has been
suggested that humpback whales arriving in Hawaiian waters may be disturbed by military
aircraft flying over portions of the Auau Channel between the Big Island and Maui. Herman et
al. (1980) suggested that humpback whales arriving in Hawaiian waters may be disturbed by
military aircraft flying low over portions of the Auau Channel between the islands of Hawaii and
Maui.

In general, whale reactions to aircraft overflights vary depending on their activities and
situations. Whales engaged in feeding or social behavior generally exhibit-little reaction to
aircraft that are not directly overhead or casting a shadow over-them, whereas mother/calf pairs
or whales in confined or shallow waters sometimes appear to be comparatively responsive.
There is no indication that single or occasional aircraft overflights cause long-term displacement
of whales.

e Research activities: There are currently eight Scientific Research Permits (SRPs)
authorizing studies of humpback whales in Hawaii. Approved SRPs and pending SRP
applications have been reviewed and considered non-duplicative with each other, or with the
proposed action. There is relatively little geographic overlap in study areas. Scientists are
required to coordinate research activities through NMFS's Southwest Region. Boats used strictly
for scientific research include outboard motor-powered inflatable boats or runabouts less than 6
m long, sailboats up to approximately 12 m long, and inboard motor-powered boats up to
approximately 15 m long.

Multiple noise sources in an area can increase natural ambient levels in the 50-100 Hz
frequency band (normally 76-98 dB at sea state 2-6 [wave heights 0.3-2.4 m] based on analysis
of a 1994 MMRP data set off the north shore of Kauai. Broadband ambient noise levels near
ships.(within approximately 0.25 kin) can increase to 150 dB. The proposed source would
contribute 103 dB (on an Leq basis over a 4-day period) to normal background broadband noise
at ranges to approximately 12 km from the source (2% duty cycle). During actual transmission
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times, the contribution to the ambient noise field would be delineated by the sound fields
discussed in Section 2. The simultaneous presence of these multiple noise sources in the area
could potentially cause more frequent masking, behavioral disruption, and short- or long-term
displacement However, the effects of multiple noise sources on marine mammals have not been
studied specifically, nor have there been any systematic studies of the effects of human-related
activities on marine animals in north Kauai coastal waters.

Richardson et al. (1991) noted that the long-term consequences of multiple noise sources
are likely to depend, in part, on the degree to which the animals habituate to repeated noise
exposure. Based on the meager information that is available, they note that animals habituate
more rapidly and completely if- 1) the various noise sources emit similar sounds, rather than
sounds with varying acoustic characteristics; and 2) if the sources are stationary (e.g., offshore
drilkigs), rather than moving (e.g., ships, boats, thrillcraft), provided that noise levels from the
moving vessels are at least as intense as those from the drillrigs.

The presence of multiple noise sources in the study area would have the potential to
increase the severity of any deleterious effects that might exist for a single source. For example,
if animals are displaced from an area around some or all of these sources, the total amount of
habitat affected would be greater than for any one source. Thus, a higher proportion of the
population would likely be affected as the number of sources increases. If either animals or the
noise sources are moving, an individual animal is likely to encounter a noise source more often
as the number of sources increases. Thus, interruption of behavior, and possibly displacement,
would be more frequent as the number of sources increases. The consequences of these
presumptive situations remain uncertain, but would presumably be negative in nature.

Appendix C describes in detail the proposed aerial and vessel activities that would be
associated with MMRP research efforts.

In summary, the project's incremental contribution to any cumulative impacts from other
sources of subsea sounds or developments that affect the marine environment in the vicinity of
the proposed project are speculative. Although continued increases in vessel traffic can be
predicted, other effects (such as a shift to quieter vessels, changes in traffic patterns such as those
that might result from redirecting Alaskan oil shipments from California to Asia-via Hawaii, etc.)
could mitigate or eliminate these increases. Additional knowledge gained from the MMRP,
particularly if impacts deserving of governmental control are discovered, could result in
measures to reduce subsea noise impacts through a shift in vessel traffic patterns, vessel noise
standards, or similar measures. No additional mitigation measures beyond those already
identified are proposed to address cumulative impacts.

• Future activities: There are no known future development activities in the north Kauai
region that could reasonably be expected to interate or cumulate with the proposed action. The
Barking Sands facility may be updated in the future, but that would be a wholly unrelated
activity on the western side of the island, with no interconnectivity or cumulation with the
proposed project. Any potential future activities on other Hawaiian Islands are speculative at this
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time, and would not be foreseen to interect or combine with the proposed project in a cumulative
manner.

4.3.1.1.3 Summary and Conclusions Concerning the Effects on
Mvstieetes

This subsection summarizes the information presented in the previous subsections
regarding potential effects of proposed operations and MIvIRP on mysticetes.

Humpback whales are found mostly in water depths <200 m, and have been known to
dive as deep as 150 m. Average feeding depth appears to be 41-60 m. Humpbacks, like other
baleen whales, are thought to have good low frequency hearing. They produce sounds from 40
Hz to 8 kHz, primarily centering around 100-300 Hz. The applicant estimates that a maximum
of approximately 1700 humpback whales could enter the Hawaiian Island chain during the
wintering season. A very conservative estimate of 25-50% of these (i.e., 425-850 individuals)
could potentially pass through the study area at least once. Based on photo-ID work during the
period 30 January to 21 April 1993 (Cerchio, 1994), 13.5% of the animals were resighted and
mean resighting interval was 14.9 days (range was 1-50 days). However, it is believed that few
whales would remain within the 120 dB source sound field for more than a day at a time,
although some may remain in the Kauai area for longer periods. Therefore, it is possible that
some source transmissions could partially mask humpback vocalizations during the 2-8% of the
time the signal was being transmitted. However, due to their shallow diving depths, and
propensity for water depths <200 m (based on 1993-94 aerial survey data), it is unlikely that
humpbacks would experience PTS or TTS from the transmissions, provided assumptions are
correct. The potential for humpback behavioral disruption is uncertain, but presumed to be low
to moderate. Potential avoidance of areas inside the 115-120 dB sound field by a significant
proportion of the humpback whale population off the Kauai north shore is possible, but the
potential for this phenomenon must be addressed in light of the low source duty cycle (on 2-8%
of the time; off 98-92% of the time) and the expected low numbers of animals to be in the 120
dB sound field (0-5 based on 1993-94 MMRP data).

Blue whales do not make prolonged deep dives, and are thought capable of diving to 200
m. They are probably sensitive to low frequency sound, and produce infrasonic moans in the 20-
60 Hz range. Given their patterns of short, relatively shallow dives, their presumed low
population density in the vicinity of the Hawaiian Islands, and lack of recorded observations, no
acute or short-term effects (Table C-i) are expected.

Right whales are so rare that none would be expected to be exposed to project source
transmissions. Only one has been sighted in the Hawaiian Islands, in 1979. Further, right
whales are believed to be shallow divers (less than 200 m), and so would not experience high
levels of exposure. Therefore, the potential for any impacts to right whales is remote.

Only one fin whale sighting has been recorded in the Hawaiian Islands (Mobley and
Grotefendt, 1994b). They may dive to 335 m (Gambell, 1985) and are thought to hear in low
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frequencies, producing moans at 20 Hz. Conclusions for fin whales are similar to those for blue
whales, above.

The potential for some masking in relation to any of the mysticetes cited must be stated
as uncertain (but presumed low) due to the lack of available data.

Generally, due to the relative distribution and abundance of species at the alternative
sites, the Johnston Atoll alternative would have less impacts (due to the expected lower
abundance of animals), as would the moored autonomous source. The no project alternative
would essentially have no impacts.

The potential impacts of playback experiments are anticipated to be similar to, but
generally less than, those that would result from operation of the fixed, bottom-mounted ATOC
sound source. The intensity of the mobile source sound transmissions would be less at the
location of the source (by a factor of 100 to 1000) as compared to the fixed source. However, the
mobile sound source would be located near the surface where most marine mammals reside, so
that received sound levels experienced by individual animals could be greater than exposures
would be to the fixed source at a greater depth. However, given the localized nature of these
sound intensities, the limited number of transmissions that would occur, and the lower intensity,
the potential impacts of the playback experiments would be expected to be minor.

Table 4.3.1.1.3-1 summarizes the potential direct and indirect, and cumulative effects on
mysticetes.
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4.3.1.2 Odontocetes

As with mysticetes, the proposed sound transmissions may have the potential to adversely
affect odontocetes, directly and/or indirectly. They also may have the potential to contribute to
cumulative effects, including disturbance as a result of associated aerial surveys or observations.
A description of the species of odontocetes expected to be found in the proposed study area is
located in Section 3, and is not repeated here.

4.3.1.2.1 Potential Direct and Tndirect Effects on Odontocetes

Section 3 discusses the species of odontocetes that have been sighted in or near the
proposed study area during ship and/or aerial surveys. The maximum residence time within the
area of the proposed action alternative for any individual odontocete is estimated to be <24 hrs
(based on odontocete population estimates from NOAA NMFS, and ship and aircraft survey data
through 1993-94, and known migration patterns, and swim speeds). However, based on average
swim speeds of 9-30 km/hr (Webb, 1975; Lockyer, 198 1a; Au and Perryman, 1982), it is
believed that few, if any, individuals would remain within the 120 dB sound field area for more
than 3 hrs at a time.

As noted previously, transmissions from the proposed sound source are expected to be
135 dB at a radius of 1000 m (received level is not expected to exceed 136 dB at the water's
surface anywhere in the vicinity of the source); 130 dB to a radius of 5 1nm; 120 dB to 12 km
shoreward and 7.5 km seaward from the source; and 110 dB to 55 km seaward from the source.
Below the surface, sound levels are expected to be: 140 dB at 288 m depth (562 m range around
source); 145 dB at 534 m depth (316 m range around source); 150 dB at 672 m depth (178 m
range around source); 165 dB at 820 m depth (30 m range around source); and 195 dB at 850 m
depth (1 m range around source).

Direct and indirect effects of low frequency noise on odontocetes include the potential for
auditory interference by masking, behavioral disruption and habituation, long-term effects, and
adverse impacts on the food chain (indirect effect), as discussed below.

- Hearing capabilities and sound production of odontocetes: Toothed whales, whose
hearing has been studied, are most sensitive to sounds above about 10 kHz. This sensitivity of
many toothed whales to high frequency sounds is related to their use of very high frequency
sound pulses for echolocation and moderately high frequency calls for communication. There
are three general categories of odontocete sounds (Watkins and Schevill, 1977a; Watkins et al.,
1985a, b):

* Tonal whistles,
* Pulsed sounds of very short duration used in echolocation,
* Less distinct pulsed sounds such as cries, grunts and barks.

Sperm whales produce clicks rather than whistles, which may be used for echolocation
(Mullins et al., 1988). Generally it is believed that most odontocetes also use whistle
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vocalization as "signature calls" to convey information about the specific identity of the sender.
Sperm whales, it is believed, use clicks rather than whistles for this purpose and unique
stereotyped click sequence "codas" have been recorded from individual whales over periods
lasting several hours (Watldns and Schevill, 1977b; Adler-Fenchel, 1980; Watkins et al., 1985b).
According to Weilgart and Whitehead (1988), sperm whale clicks also may convey information
about the age, sex, and reproductive status of the sender.

Sperm whale clicks range from <100 Hzto 30 kHz, with most energy at2-4 kHz and 10-
16 kHz. Clicks are repeated at rates of 1-90 per second (Backus and Schevill, 1966; Watkins and
Schevill, 1977b; Watkins et al., 1985a). Source levels of clicks for sperm whales at sea can be
near 180 dB (Watkins, 1980a).

Table 4.3.1.2.1-1 lists the characteristics of underwater sounds produced by odontocetes.
It should be noted that none of the dominant frequencies of odontocete vocalizations overlap
with the ATOC sound source.

According to Richardson et al. (1991), odontocetes' upper limits of sensitive hearing
range from at least 31 kHz in killer whales and near 70 kHz in false killer whales, to well above
100 kHz in some species. Low frequency hearing has not been studied in many species, but the
bottlenose dolphin and white whale (beluga) can hear sounds at frequencies as low as 40-125 Hz.
However, below about 10 kHz, sensitivity decreases with frequency. Below 1 kHz, sensitivity
appears to be poor.

An underwater hearing experiment (Turl, 1993) suggested that an Atlantic bottlenose
dolphin (Tursiops truncatws) may detect low frequency sound by some mechanism other than
conventional hearing. The skin of the dolphin (and presumably other odontocetes) is highly
innervated (Palmer and Weddell, 1964; Yablokov et al., 1974) and sensitive to vibrations
(Ridgway, 1986) or small pressure changes in the area surrounding the eye, blowhole, and head
region (Kolchin and Bel'kovich, 1973; Bryden and Molyneux, 1986). These authors suggest that
dolphin skin receptors may detect changes in hydrodynamic and hydrostatic pressure, or perceive
low frequency vibrations. It is possible that mechanoreception in cetaceans (Pryor, 1990) is yet
another sense that performs its own specific role and, together with audition and echolocation,
enables the animal to react to its environment.

* Potential for physical auditory effects: As discussed earlier in subsection 4.3.1.1.1, based
on currently available data on acoustic trauma and the structure/mechanics of the marine mammal
ear, Ketten (1994) speculated that if the calculated sound field levels are correct, to suffer TTS, the
animal must be:

capable of hearing signals below 90 Hz and have hearing sensitivity below (better
than) 70 dB (150 dB-80 dB=70 dB) for frequencies below 90 Hz (assuming that
"ITS would occur for received levels >80-100 dB above the absolute threshold, as
for humans listening in air);
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capable of diving deeper than 670 m (2200 ft) (making the same assumptions as
above). The odontocetes in the area that are believed to be capable of diving
below 670 m are the sperm whale and some beaked whales;

within the 150 dB isopleth (a radius of 178 m from the source at a depth of 670
m); choose not to depart or be unable to depart the area; and/or be subjected
to repeated exposures. In this regard, it is assumed that if an animal considered
the sound to be annoying, it would depart the area during the 5-min source ramp-
up period. All marine mammals have adequate swim speed to accomplish this.

Hollien (1993) suggests that the dynamic range of human hearing underwater is less than
in air. However, there is no information as to whether the human range, or some lower (or
higher) range, applies to marine mammals (Hollein, 1993). If a lower value is appropriate, then
the received level that would cause an odontocete to incur TTS could be less than the assumed
150 dB (<15 dB difference); if higher, 150 dB would be too conservative (<15 dB difference).

According to Ketten, no current auditory data support a serious concern for permanent
hearing damage to any odontocete, including the sperm whale. As with mysticetes, however, she
notes that her conclusions are speculative, depending largely upon anatomical models for an
approximation of hearing characteristics of most marine mammal species in question. She notes
that such models appear to reliably estimate frequency, but are not yet proven indicators of
sensitivity. Potential complications with the assumptions include the possibility that dolphins,
which have better intensity discrimination than other mammals, may have hair cells that are more
susceptible to acoustic trauma. Alternatively, the dolphin uses a nonconventional sound
conduction-pathway, surrounding head-tissues are large, and there are acoustic isolation
mechanisms within its head, all of which may provide significant passive or reflexive attenuation
of potentially damaging sounds. She adds that substantially more research is needed on both the
hearing mechanisms and audiometry of marine mammals, to develop definitive guidelines for
safe limits on underwater signals.

Ketten (1994) stated that although the sperm whale might be expected to have good low
frequency hearing, its inner ear resembles that of most dolphins, and is tailored for ultrasonic
(>20 kHz) reception. She noted that based on inner ear anatomy, the predicted functional lower
hearing limit for sperm whales is near 100 Hz, a prediction consistent with evoked response data
from one stranded sperm whale (good sensitivity above 2.5 kHz). There are, however,
indications that the sperm whale may have hearing capability at low frequencies (Carder and
Ridgway, 1990), and it is known to be sensitive to changes in its acoustic environment (Watkins
and Schevill, 1975; Watkins et al., 1985a). Sperm whales have been found to react to sounds at
frequencies below 28 kHz, including 3.5 kHz submarine sonar signals (Watkins et al., 1993).

The only odontocete species on which underwater audiograms have been published are
the killer whale (only down to 500 Hz), false killer whale (only down to 2 kHz), white whale, or
beluga (down to 40 Hz), harbor porpoise (only down to 1 kHz), Amazon River dolphin (only
down to 1 kHz), bottlenose dolphin (down to 75 Hz) (Johnson 1967; Awbrey et al., 1988;
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Johnson et al., 1989; Thomas et al., pers. comm., 1994), and the Chinese river dolphin (baiji)
(Wang, 1992). The beluga and Amazon River dolphin do not inhabit the proposed study area.
The bottlenose dolphin has a hearing threshold of approximately 132 dB at 75 Hz (Johnson,
1986) (Figure 4.3.1.2.1-1). Beluga audiograms suggest poor audiometric and behavioral
sensitivity to low frequency sounds, with diminishing sensitivity as frequency decreases from 20
kHz to 40 Hz (White et al., 1978; Awbrey et al., 1988; Johnson et al., 1989). White whale
thresholds (which are similar in bottlenose dolphins) are about 102 dB at 1 kHz, 127 dB at 100
Hz, 132 dB at 57 Hz, and 140 dB at 40 Hz (White et al., 1978; Awbrey et al., 1988; Johnson et
al., 1989).

White whales that winter in the Davis Strait area (between Greenland and Baffin Island)
and summer in the Canadian high arctic show behavioral sensitivity to weak sounds from distant
ships and icebreakers. Strong reactions have been seen to ships up to 35-50 km away when
received noise levels were 94-105 dB (20 to 1000 Hz band) (LGL and Greeneridge, 1986;
Cosens and Dueck, 1988). However, based on the hearing sensitivity profiles of these animals, it
is likely that they were responding to that portion of the noise spectrum in mid-frequency ranges.

Preliminary data suggest that audiometric sensitivity to low frequency sound of Pacific
white-sided dolphins may be slightly better than bottlenose dolphins or white whales, which are
the two species previously tested at frequencies near that of the ATOC source (Thomas unpub.,
1993). Studies are currently being conducted to obtain low frequency audiograms on bottlenose
dolphins, Risso's dolphins, and false killer whales (Nachtigall and Au, pers comm., 1994).

Preliminary audiometric data from Au and Nachtigall (pers. comm., 1995) indicate that
the hearing threshold at 75 Hz for false killer whale and Risso's dolphin is no better than 145 dB.

Based on the above, it appears that the potential for physical auditory impact on odontocetes
is minimal. At a relatively conservative threshold of 130 dB at ATOC frequencies, odontocetes
would only hear the source within 5 km and T"'S would not be expected at any location relative to
the source. A possible exception may be the sperm whale, for which there appears to be some
anecdotal evidence of reaction to low frequency sound, coupled with the fact that they are known to
dive to depths exceeding 800 m.

Although it is believed that short-finned pilot whales are capable of diving to 610 m
(Leatherwood and Reeves, 1983). no data exist on their frequency of making such deep dives, nor
how long they would be expected to stay at depths >500 m (presumably for only short time
periods).

The low frequency hearing of pilot whales has not been studied and they could possibly
inhabit the north Kauai offshore region. If their low frequency hearing thresholds are comparative
with belugas or bottlenose dolphins, they may be able to hear the source transmissions near the
surface, directly above the source.
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(A) white whale (Wl•ite et al. 1978, n=2; Awbrey et al. 1988", n=3; Johnson et al. 1989);
killer whale (Hall and Johnson 1972); harbor porpoise (Andersen 1970a);
(B) bottlenose dolphin (.]'olmson 1968a; Ljungblad et al. 1982c); false killer whale
(Thomas et al. 1988); Amazon river dolphin or boutu (Jacobs and Hall 1972). n=t except
where noted. * Awbrey et al. (1986) reported higher-frequency data for these white
whales, but these data did not represent sensitivity in the direction of best hearing.

Figure 4.3.1.2.1-1 Underwater audiograms of odontocetes /A and El
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Beaked whales also are considered to be potentially capable of diving as deep as 1000 m.
Most of what is known about all species of beaked whales comes from stranding records; they are
rarely seen and difficult to identify at sea. Most animals of this species are thought to forage far
offshore in waters >I 000 m deep, feeding on mesopelagic fishes and squid (Leatherwood et al.,
1987; Mead, 1989). Cuvier's beaked whales are the most widely distributed and frequently sighted
beaked whales in the northeastern Pacific (Mead, 1984; Leatherwood et al., 1987); however, no
seasonal movements can be inferred from the infrequent sightings or stranding data (DohW et al.,
1983). Furthermore, there are no data on hearing sensitivity of any beaked whales.

Rough-toothed dolphins stay submerged for a long as 15 mrin, and exhibit physical
characteristics that may be adaptations to deep diving (large thorax and large eyes). Extensive
white scars seen on many of these animals may be the result of close encounters with large, deep-
water squid. Thus, there are no records of these animals diving >500 m, but physiological and
feeding characteristics suggest the capability.

Thus, provided that sound field acoustic performance prediction computer models and the
assumptions/criteria regarding TTS discussed previously are correct, it is highly unlikely that any
odontocete species, with the possible exception of the sperm whale and other deep-diving
odontocetes for which audiometric data do not exist, could experience physical auditory effects.

For sperm whales, only anecdotal evidence suggests they may have low frequency
hearing capability. Even assuming that low frequency hearing of sperm whales is comparable to
that of mysticetes, the fact that they make dives >670 m (i.e., to the depth of the 150 dB sound
field of the ATOC source) in much deeper water (Rice, 1989), means that the potential for sperm
whale encounters with the 150 dB sound field would be minimal. However, Watkins et al.
(1993) noted that sperm whales off Dominica in the Atlantic Ocean appear to commonly dive
almost to the bottom. Given the proposed 2% duty cycle of the ATOC source, with
approximately 550 transmissions per year (1100 transmissions total for the two-year study
period), and applying conservative assumptions concerning the percentage of time (10 to 20%)
spent by sperm whales at depths below the top of the 150 dB zone (>800 m depth), the statistical
probability of a sperm whale being exposed to the 150 dB sound field during the initial two-year
study period is no more than 1%. The chance of repeated 150 dB or greater exposures to the
same animal, expected to be required before significant hearing impacts result, is ex-t'emely
small. As a result, any impacts would likely be confined to potential behavioral changes, with
the possibility of an occasional temporary threshold shift.

Mitigation Measure 6-1: A MMRP will be carried out in connection with the ATOC
project in accordance with the protocols set forth in Appendix C of this EIS. With
regard to potential physical auditory and behavioral impacts on odontocetes, a goal
of the MMRP will be to validate the assumptions regarding population distribution,
abundance and diving behavior of sperm whales, which form the basis for predicting the
potential for effects from the ATOC sound source.
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SPotential for behavioWr disrnzion: Odontocetes, like mysticetes, exhibit disturbance
reactions such as cessation of resting, feeding, or social interactions and/or changes in surfacing,
respiration, or diving cycles, and avoidance behavior. For example, they have been observed
responding with both attraction and avoidance to noisy sources (Wursig, pers. obs., 1990), but
they are also relatively unresponsive to noise at low frequency (Awbrey et al., 1983). As noted
above, however, sperm whales may have reacted to sounds at low frequencies (unknown source
levels, received levels approximately 100 dB) of submarine sonar signals at 3.5 kHz (Watkins et
aL, 1993). Bottlenose dolphins off Sarasota, Florida showed no significant reaction to acoustic
signals where received levels were > 120 dB (Tyack et al, 1993).

Richardson et al. (1990b) used underwater playback techniques to test the effects of
drilling sounds on white whales migrating through leads north of Alaska in spring. The test
sounds were from a drilirig on a grounded ice platform, and were mainly below 350 Hz (source
level 165 dB). Although the sounds were detectable wNith hydrophones as much as 5 km from the
projector, no overt reactions were detected until the white whales were within 200-400 m.
Within that distance, some diverted or hesitated for a few minutes, but then continued within 50-
200 m of the operating underwater projector. However, white whales swimming along an ice
lead in spring changed course when they came within 1 km of a stationary drillship, and
exhibited more active avoidance when support vessels were moving near the drillship (Norton et
al., 1982). This, together with the aforementioned results suggests that white whales may be
especially sensitive when in ice leads during spring.

Stewart et al. (1983) tested reactions of white whales to underwater sounds projected into
an Alaskan river. In most tests, the sound level increased rapidly (within 5 sec) from zero to
maximum when whales were within 1.5 kIn. These whales usually swam faster in the same
direction as before the playback. In some tests, respiration rates increased during playbacks.
During two tests, sounds were projected continuously as whales approached from about 3.5-4.6
km upstream. In one test, there was no detectable reaction until the whales were within 50-75 m;
in the second test, whales reacted at 300-500 m. Reactions included rapid swimming and, in one
case reversal of direction. However, most whales passed close to the projector where received
sound levels must have been high. Received levels in the shallow river were not measured, and
were probably quite different than would occur at similar ranges in the ocean. Stewart et al.
(1983) concluded that reactions to drillrig noise were less severe than those to motorboat noise.

Just prior to and during the Heard Island Feasibility Test (I-EFT) that took place in
January, 1991 (discussed in Section 1), experienced marine mammal observers conducted line-
transect surveys and monitored marine mammal behavior visually and acoustically in a 70 x 70
km square centered on the transmission site. Bowles et al. (1994) reported that 39 groups of
cetaceans were sighted both prior to and during the transmission periods, including sperm whales
and other odontocetes (hourglass dolphin [Lagenorhynchus cruciger], Commerson's dolphin
[Cephalorhynchus commersoni], dusky dolphin [Lagenorhynchus obscurus], killer whales, long-
finned pilot whales [Globicephala melas], southern bottlenose whale [Hyperoodon planifrons],
and Arnoux's beaked whale [Berardius arnouxii]). More schools of hourglass dolphins were
sighted during transmissions, but fewer groups of pilot whales and southern bottlenose whales.
There was no evidence that dolphins may have surfaced to avoid higher sound levels at depth.
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The density of all cetaceans was 0.0157 groups/sq km before transmissions and 0.0 166 groups/sq
km during. Sperm whales and pilot whales were heard in 23% of 1181 min of baseline acoustic
surveys prior to transmissions, and in none of the 1939 min during. Both species were heard
within 48 hr after the test. It should be noted that there were fundamental differences between
the acoustic characteristics of the HIFT source and that planned for ATOC research: 57 Hz
center frequency (vs. 75 Hz for ATOC); 30 Hz bandwidth (vs. 35 Hz bandwidth for ATOC);
209-220 dB source level (vs. 195 dB for ATOC); 175i m depth (vs. 850 m for ATOC); 33% duty
cycle (vs. 20/o-8% for ATOC); and location in the upper water column (vs. seafloor-mounted for
ATOC).

As with mysticetes, variations in sensitivity to human-made noise between and within
odontocete species and the lack of information about the consequences of short-term disruptions
on odontocetes make it very difficult to define criteria of responsiveness and to assess the
consequences of a disruption in their natural activities.

The potential for short-term behavioral disruption, or displacement, is unlikely, although
the sound transmissions of >130 dB would likely be audible to some animals w;ithin 5 km of the
source. Potential effects on sperm whales and other deep-diving odontocetes are more uncertain.

Behavioral changes in odontocetes may occur in deep diving species that have good low
frequency hearing. Given the relatively low sensitivity of most odontocetes to low frequency
sounds (other than possibly sperm and beaked whales) and the relatively low density of many
odontocete species in the study area, potential impacts on these species are anticipated to be
minimal.

- Potential for habituation: As noted previously, relatively few studies of habituation in
marine mammals have been done. In toothed whales, one apparent example of habituation is the
tolerance by white whales of the many boats that occur in certain estuaries versus the extreme
sensitivity of this species to the first icebreaker approach of the year in a remote area of the high
arctic. Also, in certain areas, wild dolphins have become unusually tolerant of humans, and may
even actively approach them (Lockyer, 1978; Conner and Smolker, 1985; Shane et al., 1986).

As discussed above, habituation generally helps moderate potential impacts, except if the
habituation is generalized to include hazardous sources. Since most odontocetes hear well in mid
and high frequency ranges, however, it is unlikely that habituation to the low frequency ATOC
source would result in decreased avoidance of vessels, etc. As a result, no adverse impacts from
habituation are anticipated.

- Potential for long-term effects: The discussion in Section 4.3.1.1.1 on the potential for
and ramifications of long-term effects of underwater noise on mysticetes is relevant to
odontocetes, as well.

In general, changes in marine mammal usage of an area could be quite slow and difficult
to detect, and the causes of any changes may be difficult to discern. There are no documented
instances of long-term effects of subsea sounds on odontocetes, but given the difficulties of
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obtaining such information, the potential for adverse impacts from long-term exposures to the
ATOC source sound fields should be considered unknown. Although no such impacts are
anticipated, marine mammal exposures to subsea sounds will be minimized whenever feasible.

- Potential for masking: The same general principles concerning masking discussed at
the beginning of section 4.3 apply to odontocetes. As noted previously, virtually no specific
information is available about the nature and effects of masking under field conditions nor about
the adaptations that marine mammals may use to reduce masking by low frequency sounds.
Based on studies of high frequency echolocation by toothed whales, echolocation signals are
subject to masking by high frequency noises. However, echolocation would not be masked by
most industrial noises (or ATOC sound transmissions), which tend to be concentrated at low
frequencies. Significant masking only occurs for frequencies similar to those of the masking
noise (Richardson et al., 1991).

As discussed by Richardson et al. (1991), the maximum radius of influence of an
industrial noise (or ATOC sound transmission) on a marine mammal is the distance from the
source at which the noise can barely be heard. This range is determined by either the hearing
sensitivity of the animal, or the background noise level.

Studies on captive odontocetes by Au et al. (1974, 1985) indicated that some species may
use various processes to reduce masking effects (e.g., adjustments in echolocation signal
intensity and/or frequency as a function of background noise). However, inasmuch as
echolocation and communication signals are of higher frequencies, they will not be masked by
most industrial or other (e.g., ATOC) noises that are concentrated at low frequencies.

Although low frequency hearing has not been studied in many odontoeete species, those
species that have been tested (white whale, killer whale, false killer whale, and bottlenose
dolphin) exhibit low audiometric and behavioral sensitivity to low frequency sound. It is not
clear whether sperm and pilot whale vocalizations were masked by the 1991 HIFT acoustic
signals, or if those species simply stopped emitting sounds during the test. Vocalization
cessation would be expected with sperm whales because they frequently become silent in the
presence of human-made noise (Watkins and Schevill, 1975; Watkins et al., 1985a). Thus, for
sounds dominated by low frequency components, the maximum radius of audibility for most
odontocete species often may be determined by their hearing sensitivity, rather than the
background noise level. It appears, therefore, that with the possible exception of the sperm and
pilot whale, the potential for increased masking for any odontocete, as a result of the proposed
sound transmissions, is expected to be minimal.

There are no documented instances of masking of subsea sounds on odontocetes, and
given the fact that odontocetes do not call at frequencies near the ATOC source frequencies,
there would be very little, if any, potential for masking of odontocete calls by ATOC
transmissions (Richardson, pers. comm., 1994). Although no such impacts are anticipated,
marine mammal exposures to subsea sounds would be minimized whenever feasible.
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Potential for indirect effects: Indirect effects include those effects that potentially could
be caused by the proposed action and are later in time, or farther removed in distance, but would
still be reasonably foreseeable. The principal indirect effect in this case would be any potential
impact on the food chain that could ultimately affect odontctes in the vicinity of the study area.
The sperm whale, pygmy sperm whale and dwarf sperm whale prey primarily on mesopelagic
squids; the latter two also ingest some fish, octopus and crustaceans. The main food for pilot and
beaked whales is squid and fish (e.g., rockfish, mackerel). The dolphins' staple food is usually
squid or fish (e.g., anchovies, hake). Killer whales prey on almost any palatable marine
organism of any size. Virtually all oceanic cetaceans, pinnipeds, seabirds, sea turtles
(particularly leatherbacks), fish (especially herring and salmon), and even their own kind can be
considered prey. The potential effects of the MMRP and low frequency sound transmissions on
these prey species are addressed in this EIS and, as such, constitute the discussion of indirect
effects on odontocetes.

For a discussion of potential direct, indirect, and cumulative impacts on fish which are
prey species for most odontocetes, see Section 4.3.2.2. Impacts on squid, the prey species for
sperm whales, pygmy sperm whales, dwarf sperm whales, pilot whales, beaked whales, melon-
headed whales, false killer whales, pygmy killer whales, and dolphins, are discussed in Section
4.3.2.3. In addition, the impacts of the proposed project on the prey species for killer whales are
discussed in the following sections: pinnipeds, Section 4.3.1.3; sea turtles, Section 4.3.2.1; fish,
Section 4.3.2.2; and seabirds, Section 4.3.2.4.

It is believed that any potential effects on prey species would be incremental and affect
only a small portion of the range. To further assess the potential for indirect impacts, the
MMRP, to the extent feasible and practicable, would include observations of the potential impact
of source operations on prey species.

The potential direct and indirect effects of the alternatives are summarized in Table
4.3.1.2.3-1.

4.3.1.2.2 Potential Cumulative Effects on Odontocetes

Activities that might reasonably be considered to have the potential to interact
cumulatively to affect odontocete species that inhabit or travel through the proposed study area
have been discussed in Section 4.3.1.1.2. They include commercial merchant shipping and other
vessel-related activities, recreational water activities (as a result of the potential for ship/boat
collisions and noise from ship/boat engines); and noise from aircraft. The discussions below also
account for MMRP-related activities that could potentially cumulate with the source
transmissions: 1) aerial visual surveys/observations, 2) shipboard acoustic surveys/observations.

- Merchant shipping and other vessel-related activities: Many odontocetes appear to be
generally tolerant of ships and boats (although sperm and beaked whales generally attempt to
avoid vessels), and attraction to boats by some toothed whale species is fairly common.
Bottlenose dolphins, for example, frequently approach boats, swimming in their bow and stem
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waves (Shane et al., 1986), and are frequently seen in heavily trafficked ship channels (Braham
et al., 1980; Shane, 1980).

Avoidance of vessels can occur, however, depending upon circumstances (e.g., when the
animals are confined by ice or shallow water or when vessels are associated with harassment).
Irvine et aL (1981), for example, reported that bottlenose dolphins previously captured for
research purposes and later released, subsequently fled at the capture boat's return. Flaherty
(1981), Barlow (1985), Silber et al. (1988), and Polocheck and Thorpe (1990) reported that
harbor porpoises tend to avoid vessels. Silber et al. (1988) reported that the Gulf of California
harbor porpoise surfaces for briefer periods when a boat is nearby, often exhibiting "rolling"
behavior and respiring only once or twice per surfacing when near a boat. According to Kruse
(1985), killer whales may change behavior when a vessel is within 400 m range. Papastavrou et
al. (1989) found that sperm whales were not appreciably disturbed by a small motorized vessel
when it was operated in a non-aggressive manner. However, Whitehead et al. (1990) observed
startle reactions during attempts to closely approach sperm whales. Watkins and Schevill (1975)
and Watkins et al. (1985a) found that sperm whales ceased emitting pulsed sounds when exposed
to high frequency noise pulses (3-13 kHz) from ship pingers and sonars; although higher
frequency pulses (>35 kHz) caused no reaction. As noted above, sperm whales have also
exhibited reactions to high received levels (approximately 100 dB) of submarine sonar signals at
3.5 kHz (Watkins et al., 1993).

Collisions between boats and toothed whales apparently are not common, although they
do occur. According to Reynolds (1985), vessel propellers were responsible for occasional
bottlenose dolphin deaths in the Gulf of Mexico, and sperm whales have been victims of ship
collisions as well (Slijper, 1962).

• Aircraft operations: Few data are available on the reactions of odontocetes to aircraft
overflights; however, as with humpback whales, sensitivity to aircraft varies greatly, depending
on the animals' activity. Berkovich (1960) and Kleinenberg et al. (1964) reported that white
whales did not react to an aircraft flying at 500 m. However, when the aircraft descended to 150-
200 m, they dove for longer periods, had shorter surface intervals, and sometimes swam away.
Feeding white whales were reportedly less prone to disturbance, whereas lone animals dove even
when the aircraft was at 500 m. Dohl et al. (1983) reported strong reactions (i.e., diving
immediately and remaining submerged for long periods of time) by Baird's and Cuvier's beaked
whales to a medium-sized Pembroke aircraft approaching or passing overhead at 60-305 m
altitudes. However, sperm whales appeared unaware of a Cessna 310 observation aircraft
overhead at 152 m altitude (Gambell, 1968).

* Research activities: The discussion in Section 4.3.1.1.2 of the potential for and,
consequences of, ongoing and future research activities in the vicinity of the study area on
mysticetes is relevant to odontocetes, as well.

Appendix C describes the MMRP aerial and vessel protocols that would be employed
during research activities.
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As with mysticetes, any cumulative impacts from other sources of subsea sounds or
developments that affect the marine environment in the vicinity of the proposed action are
speculative. Also, as with mysticetes, odontocetes may not respond to noise or other stressors
until some threshold level is exceeded. The proposed source would not be expected to contribute
materially to any cumulative effects.

4.3.1.2.3 Summary and Conclusions Concerning the Potential Effects

This subsection summarizes the information presented in the previous subsections
regarding potential effects of the ATOC source operations and the MMRP on odontocetes.

The sperm whale may be the odontocete with the greatest potential to experience any
impacts from the source transmissions. Sperm whales dive to depths of more than 2000 m,
remain submerged for an hour or more, and are usually found in the ocean beyond the 1000 m
depth contour. Therefore, it is conceivable that sperm whales could be exposed to maximum
source transmissions, which could theoretically cause temporary threshold shift. Although,
limited data indicate that sperm whales may be able to hear frequencies as low as 100 Hz, the
construction of their inner ear indicates best reception of very high frequency, ultrasonic, sounds.
Further, the sounds produced by sperm whales center around two frequency bands, 2-4 kHz and
10-16 kHz (see Section 4.3.1.2.1 for a discussion of possible functions of these sounds), well
above the frequency of the ATOC source transmissions. Therefore, it is unlikely that the ATOC
transmissions would interfere with, or mask, usual sperm whale sounds (Richardson, pers.
comm., 1994). Although the low frequency source used during the I-11FT apparently caused
sperm whales to cease vocalizing (during transmissions-they started back up again within 48 hrs
after the end of the test), that source's characteristics were different from the currently proposed
ATOC source's (see above). Although not anticipated, if ATOC source transmissions did cause
sperm whales to modify their vocalizations, it could possibly affect their echolocation clicks,
which have also been suggested to convey information about their age, sex and reproductive
status.

Research on killer whales indicates that they hear in the mid-frequency range, down to at
least 500 Hz. However, if killer whales follow the pattern of most other odontocetes, low
frequency hearing capabilities are anticipated to be poor, so even closer proximity to the ATOC
source would be required for a TTS, as compared to mysticetes. Moreover, they are not believed
to dive deep enough to get close enough to the source to possibly incur TTS (i.e., >670 m).
Densities of killer whales in the Hawaiian Island region are low; i.e., less than one animal per
5000-10,000 sq km. As a result of the aforementioned factors, and a 2% duty cycle, the
statistical probability of close encounters by killer whales with the ATOC source that could
produce a TTS is negligible. The potential for behavioral effects (e.g., masking, modifying
vocalization patterns, etc.) is believed to be very low.

Beaked whales are believed to be able to dive to 1000 m. They are usually found in
offshore waters, in depths >1000 m, and are thought to hear primarily in the high frequency
band. Although they might be exposed to the maximum source transmissions, their expected
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inability to hear in low frequencies, and their rarity reduces the probability of potential physical
auditory impacts. The potential for behavioral effects (e.g., masking, modifying vocalization
patterns, etc.) is believed to be very low.

Short-finned pilot whales are believed capable of diving to 610 m, but their estimated
abundance in the ETP is only about 60,000 individuals (Evans, 1987). This equates to one
animal every 500 km2 which, in turn, means the potential for an animal (or group of animals) to
be in the vicinity of the source during the 2-8% of the time it would be transmitting, and diving
to > 670 m depth at that specific time, is quite small. Pilot whales' behavior may have been
affected off Heard Island in 1991, when anecdotal evidance indicated some may have stopped
calling and/or moved away in response to distant seismic ship and/or HIFT transmissions
(Bowles et al., 1994).

No records of rough-toothed dolphins diving >500 m exist, although the possibility exists
(since bottlenose dolphins may be able to dive to 535 m). Though widely distributed, its
population size is unknown, and is apparently nowhere abundant (Evans, 1987). Therefore, it
can be assumed that its densities are lower than pilot whales, which should equate to a minimal
potental for impact from the proposed source tranmissions.

Generally, based on what is known of the relative distribution and abundance of species
at the alternate sites, the Johnston Atoll alternative would be expected to have a decreased
potential for impacts due to projected smaller populations of marine mammals generally. In
addition, the moored autonomous source alternative, which would both use sources buoyed up
from the seafloor, could possibly result in more close encounters with sperm and beaked whales
due to their diving behavior (although moored autonomous sources possibly could be placed in
an area believed devoid of sperm and beaked whales). The no action alternative would have no
impacts.

Table 4.3.1.2.3-1 summarizes the potential direct and indirect effects, and potential
cumulative effects on odontocetes.
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4.3.1.3 Pinnipeds

This section focuses on the potential impacts of the proposed action on pinnipeds, a
suborder of marine mammals which includes seals, sea lions, and walruses. The Hawaiian monk
seal is the only pinniped found in the proposed study area. However, because research on the
monk seal is limited, this section includes a review of research on other pinnipeds as well. More
information about these animals' habitat and distribution is found in Section 3, and is not
repeated here.

Since pinnipeds are the prey of killer whales and sharks (an odontoceteand a fish) the
following sections on the potential direct, indirect, and cumulative impacts of the proposed
project on pinnipeds are also a discussion of indirect impacts on killer whalesand sharks.
Pinnipeds are also the prey of some sharks, so this section also constitutes a discussion of the
indirect effects of the proposed project on sharks.

It appears that monk seals spend somewhere between 40% and 60% of their time hauled
out (Reeves et al., 1992). They have been seen hauled out on, and immediately offshore of,
Kauai, Niihau, the Big Island, and Oahu. Adult males generally go to sea in the evenings,
feeding at night, returning to haul out at mid-morning. Sometimes they remain at sea
continuously for several days and nights. During mating season (May-October), both males and
females probably spend more time ashore, even though mating is presumed to occur in the water
(Reeves et al., 1992). During pupping season (December-August) and the subsequent 5-6 week
weaning period, mothers would tend to spend most of their time ashore.

Although Hawaiian monk seals are seen around Kauai, most of the population inhabits
the northwestern Hawaiian Islands, where the project source would be inaudible to them. There
are at least 2-3 resident animals on Kauai (Nitta, pers. comm., 1995). There were, among others,
three sightings around the island in 1993--none in the area off the north shore; and one sighting
off the north shore during 1994 Marine Mammal Research Program shore-based visual surveys
and observations (Smultea et al., 1994).

As noted previously, transmissions from the proposed sound source would generate a
received level of 136 dB directly above the source itself (received level is not expected to exceed
136 dB at the water's surface anywhere in the vicinity of the source). Other received level values
would be: 130 dB to a radius of 5 kin; 120 dB to 12 km shoreward and 7.5 km seaward from the
source; and 110 dB to 55 km seaward. Below the surface, sound levels are expected to be: 140
dB at 288 m depth (562 m range around the source); 145 dB at 534 m depth (316 m range around
the source); 150 dB at 672 m depth (178 m range around the source); 165 dB at 820 m depth (30
m range around the source); and 195 dB at 850 m depth (1 m range around source).
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As with mysticetes and odontocetes, the proposed action has the potential to adversely
affect pinnipeds, directly and/or indirectly, as a result of noise disturbance during source sound
transmissions. It also has the potential to contribute to cumulative effects, including disturbance
as a result of associated aerial surveys or observations.

4.3.1.3.1 Potential Direct and Indirect Effects on Pinnipeds

Direct and indirect effects of low frequency noise on pinnipeds, including the potential
for auditory interference by masking, temporary threshold shifts, behavioral disruption, long-
term effects, and adverse impacts on the food chain (indirect effects) are discussed below.

- Hearing capabilities and sound production of pinnipeds: Phocid (hair) seal sounds seem
to be associated with mating, mother-pup interactions, and territoriality; thus, underwater calls
may not be very important for species such as elephant seals that perform most of these activities
on land. Some phocid seals produce intense underwater sounds that may propagate for great
distances (Bums, 1967; Ray et al., 1969; Watkins and Ray, 1977); whereas other species produce
faint and infrequent sounds (Schevill et al., 1963). Phocids probably hear underwater sounds at
frequencies up to approximately 60 kHz. Vocalizations between 90 Hz and 16 kHz have been
reported (Table 4.3.1.3.1-1), but it is possible that other high frequency sounds were missed
(Richardson et al., 1991), because of recording equipment frequency limitations. On land, monk
seals make "bubbling" sounds; females also bellow with their mouth open when trying to drive
away another seal or to protect her pup (Reeves et al., 1992). No underwater monk seal sounds
have been studied in detail to date.

Within the pinniped suborder, none of the species tested to date have exhibited good
hearing capabilities at low frequencies, although the northern elephant seal, California sea lion
and harbor seal appear to communicate within the mid-frequency band (100-1000 Hz)
(Schusterman et al., 1967). Underwater audiograms are available for several species of
pinnipeds (Figure 4.3.1.3.1-1):

Phocids

* harbor seal [Mohl, 1968])
• ringed seal [Terhune and Ronald, 1975]
* harp seal [Terhune and Ronald, 1972]
* Hawaiian monk seal [Thomas et al., 1990]

Otariids

* California sea lion [Schusterman et al., 1972]
* northern fur seal [Poulter, 1968; Moore and Schusterman, 1987]

Published literature does not delineate the lower limit of phocid hearing, since
frequencies below 760 Hz have not been applied in published test protocols, at least in part due
to the acoustical limitation of small observation tanks and pools. However, based on the

4-65



ENVIRONMENTAL CONSEQUENCES

'0h
000

00

c 00

.10 -j w %, 
c. 

!•

•/:- := 6)" •

, C

U s E
Co.. - "- - - -

= = --

0.0

00 u 0

. C-. C. E E

IL ou u w .0

-CI

0 c I A 4A

as.

E o " o

CD0 0'c'c cc E ) V

4-66

VI.

-da
Ca.0

CL. 0 ca 0
0

' 0

.0 cA

0 t)

C s ILI -u

- 1 0 .>. c; .
re C30 0I

IV A.. co c. .4 V c/V CIS

4-6-
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(A) Hair seals - harbor seal (Mohl 1968a; Terhune 1989a); ringed seal (Terhune and
Ronald 1975a, n=2); harp seal (Terhune and Ronald 1972); monk seal (Thomas et al.
1990b);
(B) Eared seals (otariids) - California sea lion (Schusterman et al. 1972); northern fur
seals (Moore and Schusterman 1987, n=2- n=1 except where
noted.

Figure 4.3.1.3.1-1 Underwater audiograms of pinnipeds /A and B
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available audiograms, phocids can hear frequencies at least as low as 1 kHz (Schusterman, 1981),
with harbor seals testing as low as 760 Hz (Renouf, 1991). This, however, does not seem to
apply to the only endemic pinniped in the Hawaiian Islands, the Hawaiian monk seal, based on
the results of the study of underwater hearing by Thomas et al. (1990), which indicated that this
species hears poorly at lower frequencies. That study, on a young male monk seal, showed that
the animal's hearing was most sensitive (20 dB above maximum sensitivity) between 12 and 28
kHz, and that below 8 kHz, its hearing was less sensitive than any other pinniped tested.
Variation among audiograms of different phocid species may be similar to that among
audiograms of individual humans (Terhune, 1981).

With respect to otariids, at 250 Hz, the audiograms show the threshold of a California sea
lion to be approximately 115 dB (Schusterman et al., 1972).

Kastak and Schusterman's unpublished data on audiometric experiments in air and water
at 100 Hz for the harbor seal and California sea lion indicate hearing threshold levels <130 dB.
Other Schusterman efforts (in progress) involve testing auditory-thresholds of northern elephant
seals. In an in-air study, a TTS at 100 Hz was observed and quantified in a harbor seal after
continuous exposure to broadband noise with an average source level of 85-90 dB (air standard)
(equating to 147-152 dB in water), peaking at 95 dB (air standard) (157 dB in water).

In comparing data for pinnipeds with those for odontocetes, it appears from the slopes of
the audiograms at the lowest frequencies tested that certain pinnipeds (e.g., California sea lion)
may have better hearing sensitivity at lower frequencies than the beluga whale and bottlenose
dolphin, for which low frequency audiograms are available. Schusterman's work (unpub. data,
1994) substantiates this.

Potential for physical auditory effects: As discussed earlier in section 4.3. 1. 1. 1, based
on currently available data on acoustic trauma and the structure/mechanics of the marine
mammal ear, Ketten (1994) theorized that for TTS to occur with regard to the proposed sound
source (provided sound field calculations are correct) the animal must be :

capable of hearing signals below 90 Hz and have hearing sensitivity below (better
than) 70 dB (150 dB-80 dB=70dB ) for frequencies below 90 Hz (assuming
that TTS would occur for received levels >80 dB above the absolute threshold, as
for humans listening in air).

capable of diving deeper than 670 m (2200 ft) (making the same assumption as
above). The only pinniped in Hawaiian waters, the Hawaiian monk seal, has
recently been detected diving to at least 500 m (Ragen, pers. comm., 1985).

within the 150 dB isopleth (a radius of 178 m from the source at a depth of 670
m); choose not to depart or be unable to depart the area; and/or be subjected to
repeated exposures. In this regard, it is assumed if an animal considered the
sound to be annoying, it would depart the area upon onset of the 5 min source
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ramp-up period. All marine mammals have adequate swim speed to accomplish
this.

Thus, based on extrapolation of the available audiometric data (hearing threshold at 75
Hz would be >100 dB), and provided that sound field predictions and the assumptions/criteria
regarding UTS discussed previously are correct (i.e., to suffer ITS, an animal would have to be
exposed to >180 dB received level; for PTS to occur, an animal would have to be exposed to a
level measurably higher than 180 dB or be subject to repeated ITS episodes), and given the low
density of this species, the potential for a monk experiencing physical auditory effects is remote.

Mitigation Measure 7-1: A MMRP will be carried out in connection with the project in
accordance with the research protocols set forth in Appendix C to this EIS. With regard
to potential physical auditory impacts on the one pinniped species endemic to the
Hawaiian Islands, the Hawaiian monk seal, a goal of the MMRP would be to validate the
assumptions regarding population distribution in the study area (via aerial visual
surveys), which form the basis for predicting the likelihood ofpotential impacts due to the
ATOC source transmissions.

- Potential for behavioral disruption and habituation: There has been little study of
potential pinniped behavioral disruption due to low frequency underwater sound transmissions.
It has been reported that harbor seals continued to haul out in Kachemak Bay, Alaska during
construction of hydroelectric facilities 1.6 km away (Roseneau and Trugden in Johnson et al.,
1989, and in Malme et al., 1989). Kingsley (1986) found no evidence that numbers of ringed
seals were lower adjacent to artificial island oil drilling and production sites. However, Frost and
Lowry (1988) reported a reduction in numbers of ringed seals within 3.7 km of artificial islands,
on some of which oil drilling operations were underway. Gales (1982) and McCarty (1982)
reported that sea lions were common around oil production platforms off California and in Cook
Inlet, Alaska. In spring, some ringed and bearded seals approached and dove within 50 m of an
underwater sound projector broadcasting steady low frequency (<350 Hz) drilling sound
(Richardson et al., 199 1a). At that distance, the received sound level at depths greater than a few
meters was approximately 130 dB.

With respect to noise from seismic exploration activities, Richardson et al. (1991) noted
that there is evidence that some ringed seals abandon areas where on-ice seismic techniques
(Vibroseis) are used in winter. However, the effect is very localized, and other species of seals
often tolerate intense noises.

No detailed studies of reactions by pinnipeds to noise from seismic exploration in open
water have been published. During seismic exploration at Sable Island, Nova Scotia, gray seals
exposed to noise from airguns did not react strongly (Parsons and Sundberg, 1985); however, no
details were given as to whether the seals that were exposed were in the water or hauled out.

The available information indicates that seals in the water sometimes tolerate intense
impulsive sounds with strong low frequency content when they are strongly attracted to an area
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for feeding, reproduction, or other natural function. They also often tolerate more-or-less steady
or transient sounds at lower intensities (Richardson, pers. comm., 1994).

As with mysticetes and odontocetes, variations in sensitivity to human-made noise
between and within pinniped species and the lack of information about the consequences of
short-term disruptions on pinnipeds, make it very difficult to define criteria of responsiveness in
them and to assess the consequences of a disruption in their natural activities. In light of
available data on pinniped low audiometric and behavioral sensitivity to low frequency sound
(particularly in the case of the Hawaiian monk seal), and given the low densities of monk seals,
the potential for short- or long-term effects as a result of the proposed sound transmissions is
considered minimal.

Potential for long-term effects: The discussion of the potential for and, ramifications of,
long-term effects with respect to mysticetes and odontocetes also is relevant to pinnipeds. In
general, changes in marine mammal usage of an area may be quite slow and difficult to detect,
and the causes of any changes difficult to discern. There are no documented instances of long-
term effects of subsea sounds on pinnipeds. Existing information suggests that pinnipeds
habituate quite readily to noisy environments. However, given the difficulties of obtaining such
information, the potential for adverse impacts from long-term exposures to the proposed source
sound fields should be considered unknown. Although no such impacts are anticipated, marine
mammal exposures to subsea sounds would be minimized whenever feasible.

* Potential for masking: The same general principles concerning masking discussed at
the beginning of Section 4.3 apply to pinnipeds, as well. As noted, the maximum radius of
influence of an industrial (or proposed source transmission) noise on a marine mammal is the
distance from the noise source at which the noise can barely be heard. This distance is
determined by either the hearing sensitivity of the animal, or the background noise level present.
For many pinnipeds (e.g., fur seal, harbor seal), the radius of audibility of higher frequency,
human-made sounds (e.g., 5-30 kHz), would normally be limited by the background noise level,
since these species are more sensitive to high than to low frequency sounds. For sounds
dominated by low frequency components, the maximum radius of audibility for these species
may often be determined by their hearing sensitivity, rather than the background noise level. As
any human-made noise that is above both the background ambient and the auditory threshold has
the potential to mask (considering comparable bandwidths), there is the possibility of some
masking for a seal within a zone of a few kilometers radius from the source.

However, in light of the relatively brief and intermittent nature of the proposed source
transmissions, the belief that this species does not hear well at low frequencies, and its low
densities, it appears that the potential for increased masking for the Hawaiian monk seal, as a
result of the proposed sound transmissions, is very low.

* Potential for indirect effects: Indirect effects include those effects that potentially could
be caused by the proposed action and are later in time, or farther removed in distance, but would
still be reasonably foreseeable. The principal indirect effect in this case would be the potential
impact on the food chain that could ultimately affect the one pinniped in the Hawaiian Islands.
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The common prey species for the Hawaiian monk seal are benthic and reef-dwelling fish and
invertebrates, including flatfish, scorpenids, eels, octopuses, and spiny lobsters (Reeves et al.,
1992). If low frequency sound transmissions were to affect any of these prey species, depending
on the extent to which their availability might be altered, there could be negative consequences to
the pinniped population in the Hawaiian Islands. However, since at most only a very minor
portion of the range (within approximately 5 km [130 dB sound field] of the source site) of these
prey species would be affected, indirect impacts would likely be minimal. See Sections 4.3.2.2
and 4.3.2.3 for a discussion of potential impacts on prey species.

4.3.1.3.2 Potential Cumulative Effects on Pinnipeds:

Activities that might reasonably be considered to have the potential to interact
cumulatively to affect the one pinniped species have been discussed in Section 4.3.1.1.2. They
include commercial merchant shipping and other vessel-related activities, recreational water
activities (as a result of the potential for ship/boat collisions and noise from ship/boat engines);
noise from aircraft operations, and research activities. As noted in Section 3.3.1.3, by most
recent counts, it appears that the Hawaiian monk seal population is declining at about 5%/year
(Nitta, pers. comm., 1995). The discussion below also accounts for MMRP-related activities: 1)
aerial visuall suverys/observations, 2) shipboard acoustic surveys/observations.

- Merchant shipping and other vessel-related activities: Few authors have described
responses of pinnipeds to boats or ships; again, most of the published reports are anecdotal in
nature.

Northern fur seals reportedly are quite tame when first encountered by a ship, but will
avoid the vessel if it engages in seal hunting for a day or more in the same area (Kajimura in
Johnson et al., 1989). Kajimura suspected that, once sensitized in this way, fur seals showed
repeat avoidances at distances as great as 1.8 km. California sea lions tolerate close and frequent
approaches by vessels in shipping lanes, and sometimes congregate around fishing boats (Bigg
and Bums in Johnson et al., 1989).

Few authors have described responses of pinnipeds to boats or ships; most of the
published reports are anecdotal in nature. In California, small boats that approach harbor seals
within about 100 m frequently cause them to depart their haul-out sites; less severe disturbances
often cause alert reactions without leaving (Bowles and Stewart, 1980; Allen et al., 1984;
Osborn, 1985). In some places where there are many boats, harbor seals apparently habituate
(Johnson et al., 1989). In England, some harbor seals, as well as gray seals, permit close
approach by tour boats that repeatedly visit seal haul-out locations (Bonner, 1982), suggesting
that the animals habituate to sounds from these specific tour vessels.

There are no published details on collisions between monk seals and ships, boats, or
thrillcraft in the northern Kauai offshore area. However, it is expected that these incidents may
occur from time to time.
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Aircraft operations: There has been little systematic study of the reactions of pinnipeds
to aircraft overflights, but many opportunistic, anecdotal reports are available for pinnipeds
hauled out on land or ice. In general, pinnipeds hauled out for pupping or molting appear to be
the most susceptible to adverse effects resulting from disturbance by airplanes (Bowles and
Stewart, 1980). The strongest reactions (e.g., rushing into the water, in severe cases resulting in
abandonment and mortality of pups) appear to be elicited by low-flying aircram aircraft that are
nearly overhead, aircraft exhibiting abruptly changing sounds, and helicopters versus fixed-wing
aircraft (Salter, 1979). There is some evidence that they react more strongly to helicopters than
fixed-wing aircraft (Johnson, 1977), but the lack of measured sound levels in these instances
make this postulation uncertain.

* Research activities: The discussion in Section 4.3.1.1.2 of the potential for and,
consequences of, ongoing and future research activities in the vicinity of the study area on
mysticetes, is relevant to the Hawaiian monk seal, as well.

Appendix C describes the MMRP aerial and vessel activities and schedules that would be
performed as part of the proposed research protocol.

As with mysticetes and odontocetes, any cumulative impacts on pinnipeds from other
sources of subsea sounds or developments that affect the marine environment in the vicinity of
the proposed project are speculative. Given that the zone of audibility for the Hawaiian monk
seal is >100 dB, considering their low densities, and in light of the lack of direct impacts,
cumulative impacts are not anticipated.

4.3.1.3.3 Summnar and Conclusions Concerning the Potential
Effects on Pinnipeds

This section summarizes the information presented in the previous sections regarding
potential effect of the proposed source operations and MNvRP on pinnipeds.

The Hawaiian monk seal likely has poor low frequency hearing abilities (hearing
threshold estimated at >100 dB at 75 Hz). Also, inasmuch as their primary habitat is the small
islands and atolls of the northwest portion of the Hawaiian Archipelago (NvFS, 1993), the
potential for exposure to a 120 dB received level (at 2-8% duty cycle) is low. A recent field
measurement of Hawaiian monk seal diving depth indicated one dove to at least 500 m. At this
depth, an animal could be exposed to received levels of approximately 144 dB from ATOC
source transmissions. However, based on the assumptions for incurring TTS, a level of 180 dB
would be required, leaving a 36 dB safety buffer for the rare instance when a monk seal may be
at such a deep depth directly over the ATOC source, during its 2-8% duty cycle on period.

Generally, the impacts are expected to be the same or somewhat less at the Johnston Atoll
site, given that the potential for monk seal habitation there is less than for the area off the north
shore of Kauai. The autonomous source alternative would be expected to have minimal impacts
on Hawaiian monk seals because none would be exposed to transmissions originating in the open
ocean.
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Table 4.3.1.3.3-1 summarizes the potential for direct and indirect, and cumulative effects
on the one pinniped found in Hawaiian waters, the Hawaiian monk seal.
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4.3.2 OTHER MARINE SPECIES

Although potential effects of low frequency sounds on marine mammals have been the
principal area of concern, other marine species might also be affected by the proposed MMRP
and acoustic source transmissions. These include sea turtles (such as green, loggerhead, olive
ridley, leatherback, and hawksbill); fish (including demersal, pelagic, and shark); invertebrates
(including cephalopod and crustacean); coral and algae; plankton; and seabirds (particularly
those that are known to dive deeply). With regard to many of these species, evidence concerning
hearing ability and the response to low frequency sound is even less known than is the case for
marine mammals. This section of the EIS, however, summarizes the knowledge available about
these species and discusses the potential direct, indirect and cumulative impacts of the
alternatives.

4.3.2.1 Sea Turtles

As discussed in Section 3, the most frequently sighted sea turtle off north Kauai is the
green turtle. Other sea turtles are less common, but some of those species are relatively good
divers that could approach, but likely not reach, proximity to the source. This subsection
presents the available scientific information concerning the hearing abilities of these animals,
together with a discussion of their diving abilities and resulting potential impacts on sea turtles.

Since sea turtles, especially leatherbacks, are one of the prey species for killer whales,
and some sharks, the following discussions of the potential direct, indirect, and cumulative
impacts of the proposed project on sea turtles, is also a discussion of the indirect impacts on
killer whales and sharks.

4.3.2.1.1 Potential Direct and Indirect Effects on Sea Turtles

Section 3 discusses the species of sea turtles that have been sighted in or near the
proposed study area. The maximum residence time within the area of the proposed action
alternative for sea turtles is estimated to be <24 hrs. This is based on the limited population data
available for the Hawaiian Island/mid-Pacific area, coupled with the expected average transit
speeds for sea turtles (0.65 m/sec for leatherbacks; approximately I m/sec for loggerheads and
olive ridleys) (Eckert, pers. comm., 1994). These estimates apply primarily to leatherbacks,
loggerheads and olive ridleys that would be most likely to pass through the sound fields located
relatively far offshore. Green turtles spend most of their time associated with coastal features
after taking up residence at foraging pastures, although satellite tagging studies indicate a
migratory pathway north of Kauai for some of the turtles tagged at French Frigate Shoals (see
Section 3.3.2).

As noted previously, transmissions from the proposed sound source would generate a
received level of 136 dB at 1000 in radius, directly above the source itself (received level is not
expected to exceed 135 dB at the surface anywhere in the vicinity of the source). Other received
level values would be: 130 dB to a radius of 5 km; 120 dB to 12 km shoreward and 7.5 km
seaward from the source; and 110 dB to 55 km seaward. Below the surface, sound levels are
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expected to be: 140 dB at 288 m depth (562 m range around the source); 145 dB at 534 m depth
(316 m range around the source); 150 dB at 672 m depth (178 m range around the source); 165
dB at 820 m depth (30 m range around the source); and 195 dB at 850 m depth (1 m range
around source). See Figures 2.2.1.2-3 and 2.2.1.2-4.

Potential direct and indirect effects of low frequency sound on sea turtles such as physical
auditory effects, behavioral disruption, long-term effects, masking, and adverse impacts on their
food chain (indirect effects) are discussed below.

Hearing capabilities of sea turtles: Sea turtles do not have an auditory meatus or pinna
that channels sound to the middle ear, nor do they have a specialized tympanum (eardrum).
Inead, they have a cutaneous layer and underlying subcutaneous fatty layer, that function as a
tympanic membrane. The subcutaneous fatty layer receives and transmits sound to the
extracolumella, a cartilaginous disk, located at the entrance to the columella, a long, thin bone
that extends from the middle ear cavity to the entrance of the inner ear or otic cavity (Ridgway et
al., 1969). Sound arriving at the inner ear via the columella is transduced by the bones of the
middle ear. Sound also arrives by bone conduction through the skull. Low frequency sounds at
high source levels also can be detected by vibration-sensitive touch receptors in various other
parts of the turtle's body (Bowles, pers. comm., 1994).

Sea turtle auditory sensitivity is not well studied, though a few preliminary investigations
suggest that it is limited to low frequency bandwidths, such as the sounds of waves breaking on a
beach. The role of underwater low frequency hearing in sea turtles is unclear. It has been
suggested that sea turtles may use acoustic signals from their environment as guideposts during
migration and as a cue to identify their natal beaches (Lenhardt et al., 1983).

The few studies completed on the auditory capabilities of sea turtles suggest that they
could be capable of hearing low frequency sounds. These investigations have used adult green,
loggerhead, and Kemp's ridley (Lepidochelys kempii) in their research protocol. The authors are
aware of no studies to date of olive ridley, hawksbill, or leatherback. The MIvIRP would support
field research to obtain auditory and/or behavioral observations on leatherbacks.

Ridgway et al. (1969) used aerial and mechanical stimulation to measure the cochlea in
three specimens of green turtle, and concluded that they have a useful hearing span of perhaps
60-1000 Hz, but hear best from about 200 Hz up to 700 Hz, with their sensitivity falling off
considerably below 200 Hz. The maximum sensitivity for one animal was at 300 Hz, and for
another was at 400 Hz. At the 400 Hz frequency, the turtle's hearing threshold was about 64 dB
in air (approximately 126 dB in water). At 70 Hz, it was about 70 dB in air (approximately 132
dB in water). This has led Eckert (pers. comm., 1994) to conclude that green turtles could
possibly hear the source transmissions if they were located in the sound field corresponding to
132 dB received level (<3 km radius around the source site) during one of the transmission
periods. Ridgway (pers. comm., 1994) doubts that the 75 Hz, 195 dB source at 850 m depth
could be a direct cause of injury to green turtles, but that the potential for behavioral disruption
(e.g., migration orientation) is less certain (Balazs, pers. comm., 1995).
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Lenhardt et al. (1983) applied audiofrequency vibrations at 250 Hz and 500 Hz to the
heads of loggerheads and Kemp's ridleys submerged in salt water to observe their behavior,
measure the attenuation of the vibrations, and assess any neural-evoked response. These stimuli
(250 Hz, 500 Hz) were chosen as representative of the lowest sensitivity area of marine turtle
hearing (Wever, 1978). At the maximum upper limit of the vibratory delivery system, the turtles
exhibited abrupt movements, slight retraction of the head, and extension of the limbs in the
process of swimming. Lenhardt et al. (1983) concluded that bone-conducted hearing appears to
be a reception mechanism for at least some of the sea turtle species, with the skull and shell
acting as receiving surfaces.

More recently, Lenhardt (1994) used a water-coupled speaker and accelerometers to
determine the behavioral effects of low frequency sounds (20-80 Hz, 175-180 dB) on captive
loggerheads held in a 1 m deep circular tank. Turtles responded by swimming towards the
surface at the onset of the sound, presumably to lessen the effects of the transmissions.

There are no underwater audiogram data available for leatherbacks. Because they are
morphologically distinct (leathery shell, with minimal calcification of bone), approximating
hearing thresholds from data available for the other (hard shell) species is probably inappropriate.
There is anecdotal information that a leatherback in the wild appeared to exhibit changes in its
behavior in response to the sound of a boat motor, transmitted at an estimated 160 dB, from a
distance of 10-15 kIn from the turtle. This observation suggests that leatherbacks may be
sensitive to low frequency sounds, but the response could have been to mid or high frequency
components of the sound (Eckert, pers. comm., 1994).

• Potential for physical auditory effects: Of the five species of sea turtle that may occur
off the north Kauai coast, only the dive depth capabilities of the leatherback have been
investigated. An olive ridley once was observed at a depth of 300 m (Landis, 1965, reported in
Eckert et al., 1989), but there are no other published data available on observed dive depth
capabilities of this species, greens, loggerheads, or hawksbills. Berkson (1967) addressed
physiological adjustments to deep diving in the Pacific green turtle, but his work was based on
laboratory study.

The leatherback is the only species known to be capable of diving deep enough to enter
the 150 dB sound field around the source (where it is suspected that a temporary threshold shift
could possibly occur). The deepest dive recorded for a leatherback was approximately 1300 m
(Eckert et al., 1989). However, the average dive depth recorded for six females during their
intemesting period was only 61.6 m (Eckert et al., 1989). Some sea turtles exhibit a noticeably
different diving behavior during the internesting period, as compared to the postnesting period,
because they are gravid, and tend to be less active during this time (Plotkin, pers. comm., 1994).
If this is also true for leatherbacks, then internesting dive behavior may not accurately reflect
their postnesting dive behavior. Eckert (pers. comm., 1994) noted that time-depth-recorder
(TDR) satellite tracking data obtained from two leatherbacks indicated that all dives >400 m
depth were made subsequent to the nesting season and represented only 0.6% of all dives. The
leatherback spends most of its dive time traveling to and from maximum depth; typical times
spent at maximum depth are on the order of 2-4 min. This information is based on data from
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TDRs deployed on six leatherbacks (Eckert et al., 1989). Even though this animal has been
known to dive as deep as 1300 in, and these deep dives are probably important evolutions, it is
not considered a bottom-feeder, and does not usually forage, nor find refuge on the bottom., but
rather it appears to forage in the water column, possibly tracking the deep scattering layer
(Eckert, pers. comm., 1994).

Extrapolation from human and marine mammal data to turtles may be inappropriate given
the morphological differences between the auditory systems of mammals and turtles. However,
as stated above, the measured hearing threshold for green turtles (and by extrapolation, at least
the olive ridley, loggerhead, and hawksbill) is only slightly lower than the maximum levels to
which these three species could be exposed. It is not believed that a temporary threshold shift
would occur at such a small margin over threshold in any species. Therefore, no threshold shifts
in green, olive ridley, loggerhead, or hawksbill sea turtles are expected.

Given the lack of audiometric information, the potential for temporary threshold shifts
among leatherback turtles must be classified as unknown. Moreover, only generalized
information is available concerning the distribution of leatherbacks, but they are known to be
present in the project area, they tend to prefer continental slope areas, and they can dive deeply.
Therefore, despite the lack of direct information, it is presumed that leatherbacks are capable of
being exposed to sound levels that could cause temporary threshold shift. However, inasmuch as
the density of leatherbacks over the study area is low, but patchy (Eckert, pers. comm., 1994), the
fact that only a small percentage of time is spent at depth, the intermittent nature and low duty
cycle of the ATOC source, and the fact that the proposed project site is not believed to be a
particularly important location of leatherback prey species, any impact should be minimal.

-Mitigation Measure 8-1: The MMRP would support field research to attempt the
collection of auditory and/or behavioral observations on leatherback sea turtles.

- Potential for behavioral disrpton: Based on the conclusions of Lenhardt et al. (1983),
and O'Hara and Wilcox (1990), low frequency acoustic sound transmissions at source levels of
141-150 dB could potentially cause increased surfacing behavior and deterrence from the area
near the sound source. The potential for increased surfacing behavior could place turtles at
greater risk from vessel collision and potentially greater vulnerability to natural predators.
Deterrence from the area could result in temporary or permanent displacement of individuals. To
encounter received levels of 140 dB, a turtle would have to dive to depths greater than 300 m,
and be located inside the 140 dB isopleth (equating to 0.372 km3 volume around source), not
depart the area during the 5-min ramp-up period, and remain there during the source
transmission, which has a maximum duty cycle of 8%.

Thus the potential for short-term behavioral disruption or displacement on sea turtles is
considered unlikely, although sound transmissions with received levels >_132 dB could possibly
be audible to animals within 3 km of the source. Potential effects on the deep-diving leatherback
are more uncertain.
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Mitigation Measure 9-1: The MMRP would incorporate into its research protocol the
goal of assessing whether acoustic transmissions could potentially cause sea turtles
to spend more time than normal at the sea surface.

Mitigation Measure 9-2: The MMRP would incorporate into its research protocol
the goal of assessing whether acoustic transmissions could potentially cause
leatherbacls and other sea turtle species to avoid the A TOC source area.

- Potential for long-term effects: Discussion of the potential for and, ramifications of,
long-term effects with respect to mysticetes, odontocetes and pinnipeds is relevant to sea turtles,
as well. In light of the available data (both measured and anecdotal) on sea turtles' audiometric
sensitivity to low frequency sound, it is believed that the potential for long-term effects on sea
turtles is believed to be minimal, with the possible exception of leatherbacks.

* Potential for Masking: Any potential role of long-range acoustical perception in sea
turtles has not been studied and is unclear at this time; anecdotal information suggests that the
acoustic signature of a turtle's natal beach might serve as a cue for nesting returns. However, the
concept of sound masking is difficult, if not impossible, to apply to sea turtles.

Although low frequency hearing has not been studied in many sea turtle species, those
that have been tested, for the most part, exhibit low audiometric and behavioral sensitivity to low
frequency sound. Thus, for sounds dominated by low frequency components, the maximum
radius of audibility for most sea turtles may often be determined by their hearing sensitivity,
rather than the background noise level. It appears, therefore, that if there were the potential for
the proposed sound transmissions to increase masking effects of any sea turtle species, it would
be expected to be minimal, with the possible exception of leatherbacks.

Moreover, any sounds that the proposed source might mask are not expected to be
particularly significant from the standpoint of turtles. The relatively short transmissions and low
duty cycle of the source means that it would mask sounds only for brief periods; sounds longer
than this would not be completely masked (such as a ship approaching from a distance). Many
sounds of concern (including ship noise which can be a signal of a collision hazard) are broad
spectrum signals with components in the frequency range that turtles are known to hear; the
ATOC source's narrow bandwidth, low frequency transmissions would not completely mask
these sounds. If the ATOC source would create masking effects, existing ship traffic already
would be creating masking effects to a much greater degree (ship sounds are much higher surface
sound levels than the proposed source); there is no evidence of a significant effect from current
noise sources, but it must be recognized that such effects would be exceedingly difficult to
observe. Given the lack of direct evidence, it is presumed that masking effects on sea turtles may
occur, but it is anticipated any effects would be minor.

- Potential for indirect effects: Indirect effects include those effects that could be caused
by the proposed action and are later in time, or farther removed in distance, but would still be
reasonably foreseeable. The principal indirect effect in this case would be the potential impact
on the food chain that could ultimately affect any of the species of sea turtle in the vicinity of the
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study area. The following lists the common prey species for the sea turtles that could be
expected in the study area (M•rquez, 1990):

Leatherback sea turtle: cnidarians (gelatinous zooplankton), tunicates (filter
feeders), and jellyfish.

Green sea turtle: none during neritic phase (food items include coastal algae and
seagrasses); during pelagic phase they are carnivorous and feed on various
invertebrates (ellyfish, etc.).

Loggerhead sea turtle: juveniles and subadults are omnivorous (pelagic crabs,
mollusks, and jellyfish) (other food items include near-surface/surface
vegetation); adults are generalist carnivores (nearshore benthic [seafloor]
invertebrates).

Olive ridley sea turtle: salps, pelagic crustaceans, and other invertebrates.

Hawksbill: corals, tunicates, sponges (food items include algae).

If low fi-equency sound transmissions were to affect any of these prey species, depending
on the extent to which their availability might be altered, there could be negative consequences to
the sea turtle population off the north Kauai coast.

Sections 4.3.2.3 and 4.3.2.4 contain discussions of the potential direct, indirect, and
cumulative impacts of the proposed project on squid, crabs, mollusks, jellyfish and other
invertebrates and zooplankton which are prey species for sea turtles. Those sections constitute
the discussion of the indirect impacts on sea turtle species that could occur in the project vicinity.
The proposed project will have no impact on coastal algae and seagrasses that green turtles feed
on, and there are, therefore, no indirect impacts expected on that species.. The proposed source
site is not known to be a significant feeding area for any sea turtle species, and any potential
effects on prey species would be incremental and affect only a small portion of the range. To
further assess the potential for indirect impacts, the MMRP would include observations of the
potential impact of source operations on prey species, as discussed and identified as a mitigation
measure in corresponding sections below.

4.3.2.1.2 Potential Cumulative Effects on Sea Turtles

Activities that potentially could be considered to interact in a cumulative sense on sea
turtle species that might inhabit or travel through the proposed study area include: I) merchant
shipping and other vessel-related activities, and recreational water activities (as a result of the
potential for vessel collisions); and 2) aircraft operations. The discussions below also account
for MMIRP-related activities that could potentially cumulate with the source transmissions;
1)aerial visual surveys/observations, 2) shipboard acoustic surveys/observations.
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Merchant shipping and other vessel-related activities: There are no published details on
collisions between sea turtles and ships, boats, or thrillcraft in the north Kauai area. In fact, very
few authors have described responses of sea turtles to ships or boats; with most of these being
anecdotal in nature. However, it is expected that such incidents do occur from time to time,
particularly since these species do spend time close to the coast, where fishing and pleasure
boating is most prevalent

The potential concern in this case would be that, if sea turtles were able to hear the
acoustic signal, it could possibly cause them to modify their natural behavior and spend more
time at the surface where they would be more susceptible to predators and collisions with
vessels. Based on one of the few calibrated experiments to determine auditory capability in sea
turtles, in-air data has been extrapolated to derive a green turtle's hearing threshold (in water) at
132 dB at 70 Hz. Using this value as a benchmark, the potential for a sea turtle to be influenced
by a source transmission can at least be bounded to some extent. In this case, for the turtle to be
exposed to sound levels >132 dB, it would have to be within 3 km of the source location at the
sea surface, or to be exposed to sound levels >138 dB, it would have to be located deeper than
150 m =d within 700 m range from the source proper. Added to these positional criteria are the
facts that the maximum 'on' period for the source would be only 8% of the time (usually only
2%), and that there would always be a 5-min ramp-up period leading up to full power operation,
so that if the animal did hear the sound, and found it annoying, it could swim away. Thus, it
appears that the potential for source noise to affect the behavior of a sea turtle, such that it would
be placed in greater peril at the surface from collisions with merchant shipping and other vessel-
related activities, or to greater predation, is possible, but probably minimal. As these findings are
based on the aforementioned extrapolation, if the assumptions are incorrect (i.e., hearing
thresholds are lower), a proportional increase in the radius of audibility would result.

Aircraft operations: There have been no systematic studies of the reactions of sea
turtles to aircraft overflights and even anecdotal reports are scarce. Balazs and Ross (1974) dealt
with the effect of aircraft noise on sea turtles in terrestrial habitat. It seems reasonable to expect
that noise from aircraft, both fixed- and rotary-wing, could be heard by a sea turtle at or near the
surface, and cause it to alter its normal behavior pattern. Any potential change in cumulative
effect of aircraft noise in the study area due to the addition of MMRP activities and sound
transmissions is unknown, although presumed to be very minimal. The potential change in
cumulative effect due to the addition of MMRP aerial survey flights (maximum 4 flights per
week; usually 1-2) must be stated as unknown, but is expected to be minimal.

Appendix C describes in detail the planned aerial and vessel protocols for the proposed
MMRP research efforts in support of this project.

As with the other marine species, any cumulative impacts on sea turtles from other
sources of subsea sounds are speculative.
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4.3.2.1.3 Summary and Conclusions Concerning the Potential
Effects on Sea Turtles

This section summarizes the information presented in the previous sections regarding
potential effects of the proposed source operations and MMRP on sea turtles.

Leatherbacks represent the only species that are known to have the capability to dive deep
and may possess some measure of low frequency hearing capability, the combination of which
presents the possibility that a very small number potentially could be at risk due to the ATOC
sound transmissions, over the course of a two-year period. Leatherbacks have been known to
dive to depths of 1300 m, but most dives are more shallow, following the deep scattering layer,
from which they feed on squid and plankton. They make extensive seasonal migrations from
their nesting sites in Baja California to Alaska, seeming to follow the water temperature contours
(usually the 16'C isotherm). They do not nest regularly in the Hawaiian Islands, and their
sightings near the Hawaiian Archipelago, although relatively common, usually occur in deep
oceanic waters (>1000 m depth). Although little is known about leatherback hearing, they may
be sensitive to low frequency sound. It is therefore possible that they might exhibit some
behavioral disturbance if they are close enough to the sound source during transmissions.
However, given the presumed low density of this species for the study area (based on limited
data), the infrequency of deep dives, the 5-min source ramp-up period, and their ability to swim
to beyond the 150 dB sound field, it is believed that very few, if any, leatherbacks would be
expected to be exposed to ATOC sound transmissions at levels high enough to have the potential
to cause TTS.

Potential impacts on leatherback sea turtles should be more or less the same for the
Johnston Atoll site, and might be slightly greater at any deep-water automous source site because
that species prefers deep water over the continental slope. Not enough is known about sea turtle
migration paths and distribution ranges to analyze any other differences among the alternatives,
although the "no action" alternative would have no impacts.

Table 4.3.2.1.3-1 summarizes the potential direct and indirect effects, and potential
cumulative effects of the alternatives on sea turtles.
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4.3.2.2 Fish

The greatest body of acoustic data have been collected on bony fish, while virtually
nothing is known of hearing injawless fish (Popper and Fay, 1993). This EIS primarily
addresses the potential impact on marine fish off the north Kauai coast. Most of the audiometric
data collected on fish are for freshwater species. The few data for those fish that do inhabit the
study area indicate that their best hearing frequencies do not occur below 100 Hz.

Various species may detect and process sound in different ways, depending on
taxonomic, anatomical, behavioral and physiological variations among species (Popper and
Coombs, 1982; Popper, 1983; Schellart and Popper, 1992). These differences in species may
include:

"* their peripheral auditory structures,
"* the acoustic characteristics of their usual environment, or
"* their taxonomic grouping (Figure 4.3.2.2-1).

Most species for which hearing has been studied are teleost fish. Among the teleosts, the
species with the best hearing capabilities are members of the series Otophysi. Otophysans
represent about 6000 species that include goldfish, carp, minnows, catfish and knifefish. In the
otophysans, the gas-filled swimbladder (normally used for buoyancy compensation) is coupled
with the inner ears via a series of bones, called the Weberian ossicles. This arrangement is
believed to enhance hearing sensitivity and bandwidth (von Frisch, 1938; Dijkgraaf, 1949;
Poggendorf 1952; Kleerekoper and Roggenkamp, 1959). Among all fish species, the
otophysans have the best known adaptation for hearing (Popper and Fay, 1993). Thus, the study
of this series of animals may provide a relatively conservative estimate for any potential impact
of the four alternatives on fish in general. All species without Weberian ossicles are referred to
as "non-otophysans." Little information on hearing exists for marine species in the vicinity of
the proposed sites. However, data on similar groups of fish may provide relevant comparison.

Many species of fish, particularly rockfish, mackerel, and anchovies, are important prey
for marine mammals. Smaller fish are also the prey of larger fish and sharks. Therefore, the
following paragraphs also constitute a discussion of potential indirect impacts on odontocetes
and pinnipeds, as well as a discussion of the indirect impacts on fish and sharks, which prey on
other fish.

4.3.2.2.1 Potential Direct and Indirect Effects on Fish

Hearing capabilities and sound production of fish: Fish (including otophysans) that
have specializations that enhance their hearing sensitivity have been referred to as hearing
"specialists;" whereas, those that do not possess such capabilities are termed "nonspecialists."
The former tend to have a wider hearing bandwidth and greater sensitivity than the latter. Also,
the limited behavioral data available suggest that frequency and intensity discrimination
performance may not be as acute in nonspecialists as in specialists (Fay, 1988a).
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Figure 4.3.2.2-1 Taxonomic classification scheme for fish
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Hastings (1990, 1991) presented a good summary of the issues of fish hearing and noted
that almost every species of fish has a different auditory system and a different audiogram. She
notes that, in general, fish hear sounds in the 50-2000 Hz range, with best sensitivity in the 200-
800 Hz bandwidth. In the 100-200 Hz band and below, their lateral system, consisting of tissue
containing sensory hair cells (found on the body, head, and in canals on the head and trunk)
detects near-field hydrodynamic disturbances. The only reference in the literature to any
potential damage to a fish's lateral line system from underwater sound comes from Denton and
Gray (1993) wherein their study of clupeids (herrings) suggested that very intense sound
stimulation (unquantified) can cause damage to the neuromasts (nerve connection at the base of
each sensory organ) of the lateral line.

The primary species of fish expected to inhabit the proposed study area include demersal
(bottom-dwelling) and pelagic (water column-dwelling) fish. Based on available audiograms, it
appears that, with the exception of sharks, whose best hearing sensitivity is believed to rest
between 20 and 300 Hz, local fish should have their best hearing sensitivity in the 200-800 Hz
frequency bandwidth.

Myrberg (1980) stated that the most important region of sound detection in most fish is
between about 40 and 1000 Hz. Additionally, fish whose hearing sensitivity is in the extremely
low register (i.e., 10-500 Hz), including cod and its relatives (e.g., haddock, pollack, lingcod) and
toadfish, appear keenly adapted to this particular range of frequencies, possibly because they
produce sound in this range (Brawn, 1961; Gray and Winn, 1961; Winn, 1967; Fish and Offutt,
1972). Sharks also have been found to be sensitive to low frequency sounds. For sharks, hearing
sensitivity is important for the identification of sounds produced by their prey (Nelson and
Gruber, 1963; Myrberg et al., 1976; Nelson and Johnson, 1976; Myrberg, 1978).

Audiograms have been determined for over 50 fish (mostly freshwater) and three shark
species (Fay, 1988a). The general pattern from the data indicates that hearing specialists detect
sound pressure with greater sensitivity (as low as 55 dB at 400 Hz) and in a wider bandwidth (up
to 3 kHz) than the nonspecialists. Figure 4.3.2.2-2 includes behavioral audiograms for two
hearing specialists (a goldfish (Carassius auratus) and a squirrelfish (Myripristis kuntee)), two
nonspecialists that have a swimbladder (another squirrelfish (Adioryx xantherythrus) and the
oscar (Astronotus ocellatus)), and one nonspecialist without a swimbladder (lemon sole,
Limanda limanda). Note that thresholds are expressed as sound pressure levels because that is
the measurable quantity (an acoustic particle velocity sensor does not exist for underwater
measurements), although this is strictly correct only for the hearing specialists that respond in
proportion to sound pressure. In best absolute sensitivity, 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/cm 2) (Popper and Fay, 1973). It is not yet clear whether the thresholds for
the nonspecialists should be expressed in terms of sound pressure or particle motion amplitudes.
Nevertheless, this potential anomaly would not alter the utility of the estimates, as any errors
would only serve to raise the threshold levels of the nonspecialist fish.

4-96



ENVIRONMENTAL CONSEQUENCES

140

.130-

-120 Astronotus

imI
S.110-

100- Adioryx
Limanda

&- 90-

CLS80- Carassius •

(" 70-

.C 60-

.c 50 -Myripristis
50-

10 100 1,000
Frequency (Hz)

Carassius auratus (goldfish; Fay, 1969), and Myripristis kuntee (squirrelfish; Coombs and

Popper, 1979); two hearing nonspecialists having a swimbladder, Adiorx 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 4.3.2.2-2 Behavioral audiograms for two "hearing specialists"
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As for sound production in fish, Myrberg (1981) stated that more than 50 fish families
produce some kind of sound. The context in which sound production occurs varies greatly from
species to species. Many examples have been reviewed by Fine et al. (1977) and Myrberg
(198 1). Myrberg noted that sounds are commonly produced by fish when they are alarmed or
presented with noxious stimuli. These responses are usually intense and have a sudden onset,
like signals used by both terrestrial and aquatic animal to startle animal receivers (e.g., nearby
predators). Sounds also accompany the reproductive activities of numerous fish species, males
being the most active producers. Sound activity often accompanies aggressive behavior in fish,
usually 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 (Hawkins and Myrberg, 1983). The marine biological scientific
community is in agreement that more research into low frequency sound production in fish
species needs to be conducted.

Myrberg (198 1) believed that fish communicate, or at least attempt to communicate, with
different types of receivers; however, direct evidence of such activity is not overwhelming. He
goes on to state that most fish sounds are composed predominantly of frequencies below I kHz
and, accordingly, the animals themselves are most likely sensitive to such frequencies. The fish
with the best hearing, the goldfish (Carassius) (Popper and Clarke, 1976) had a threshold level
between 57.5 and 92.5 Hz of about 78 dB. However, this is a freshwater species, the data for
which cannot be compared directly with fish in the ATOC study area. Figure 4.3.2.2-3 depicts
the auditory threshold for seven non-ostariophysine species. The threshold for one of the
migratory pelagic species that would be found in the study area, the yellowfin tuna (Thunnus
albacares) (a non-specialist) is shown to be approximately 120 dB at-50-100 Hz. The figure also
portrays the threshold for the codfish Gadus to be at abotdt 100 dB. The labrid Tautoga onitis (a
bony fish with a sw~imbladder) appears to have the best sensitivity, with a threshold of
approximately 75-80 dB in the 50-100 Hz frequency band. The latter two species also do not
occur in the study area.

Figure 4.3.2.2-4 depicts the relationship of best hearing frequency vs. threshold for a
number of fish species with and without swimbladders. Note that in the 50-100 Hz range for
swimbladder fish, the best sensitivity (threshold) is about 80 dB (-20 dB + 100 dB = 80 dB); and
for those without a swimbladder (particularly sharks), the threshold moves up to the range of
100-120 dB (via extrapolation). Therefore, measured hearing thresholds in fish span a broad
range, from as low as 78 dB in goldfish, to 120 dB or higher in yellowfin tuna. There are,
however, very few studies of threshold shifts in fish as a response to low frequency sounds. One
such U.S. study involved experiments to ascertain the response of salmonoids to low frequency
sound (approximately 200-800 Hz, various source levels below 150 dB) and their ability to hear
at these frequencies--tied to the use of low frequency sound to direct winter-run chinook salmon
and steelhead away from pumping facilities and agricultural diversions (Estrada, pers. comm.,
1995). The results of these tests have not yet been published. Extrapolation from human or
marine mammal data (which has served as the basis in previous sections for the generally
conservative assumption that a 150 dB level or greater is necessary to produce a temporary
threshold shift) may be inappropriate given the morphological differences involved. It is
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assumed, however, that some threshold shifts in fish could occur as a result of ATOC source
transmissions. This is because some fish may reside in the immediate vicinity of the ATOC
source, and at least a portion have relatively sensitive hearing.

Fish that hear sound at >1000 Hz usually have a special connection between their
swimbladder and inner ear, or a swimbladder that is very close to their inner ear. Hastings
(1991) made some general conclusions from evidence based on a thorough literature search that,
in the 50-2000 Hz frequency band, received levels at or above 180 dB would be harmful to fish,
and received levels below 150 dB should not cause physical harm to fish. For the ATOC project,
proportionally few fish are expected to be exposed to levels >150 dB, which would occur within
a radius of 178 m from the source proper, encompassing a volume of approximately 0.0118 km 3.

The proposed source site would comprise only a small portion of the range for any fish
species. In light of this, plus the low duty cycle and intermittent nature of transmissions, and the
uncertainty surrounding the issue of TTS vs. habitat effects in fish, leads to the conclusion that
threshold shifts could occur, but their impact on fish populations should be minimal.

Mitigation Measure 10-1: The MMRP would monitor fish stock assessments (via Western
Pacific Regional Fishery Management Council catch-block landing data; LTPY, CPY,
and RAYdata from NMFS; and interaction with the Kauai CAG and local fishermen) to
attempt evaluation of the potential for increased mortality and predation on fish, in
relation to ATOC source sounds.

The question of possible impact on fish from imposing a resonant frequency on their
swimbladders also should be addressed. A few experimental studies of those fish possessing
swimbladders (e.g., Sand and Enger, 1973; Popper, 1974) showed that the resonant frequency of
the swimbladder is considerably above the frequency of best hearing, and thus probably does not
determine the shape of the audiogram. For example, the swimbladder of the codfish, closely
examined by Sand and Hawkins (1973), has a natural frequency of pulsation well above the
hearing range of the fish (best hearing frequency is approximately 160 Hz), and is almost, but not
quite, critically damped. Therefore, it is not expected that resonance plays a significant role in
response to low frequency sounds such as the ATOC source.

Sharks are also of interest due to their presumed low frequency sound detection
capability. It is apparent that sharks generally do not detect sounds above 1 kHz and that, in
most cases, their best sensitivity is to signals below 300 Hz (Popper and Fay, 1977). Sensitivity
in lemon and horn sharks is best at about 40 Hz (Nelson, 1967; Kelly and Nelson, 1975). Popper
and Fay noted that distinctions between vibration and sound detection are probably not
meaningful in a consideration of the shark auditory system.

Figure 4.3.2.2-5 depicts audiograms for three shark species: horn shark (Heterodontus
francisci), lemon shark (Negaprion brevirostris), and bull shark (Carcharhinus leucas)(Fay,
1988). Note that the most sensitive hearing for the frequency band 50-100 Hz is attributed to the
lemon shark, but its threshold is only about 96-99 dB. The other sharks that have been studied
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(to the authors' knowledge these three sharks are the only ones for which audiometric data have
been obtained) have thresholds 120 dB or higher at frequencies comparable to the ATOC source.

Most fish (including sharks) are not anticipated to be adversely affected by low frequency
sounds below 150 dB, and harmful effects are not expected until exposures of 180 dB or greater
occur. As with the other species in the project area, exposures to sound levels comparable to
those created by the ATOC source already occur due to commercial shipping traffic. As a result,
while the potential for impacts to sharks is relatively unknown, it is not anticipated that large
numbers of sharks could be adversely affected by the ATOC project; therefore, this impact is
assumed possible, but is expected to be less than significant.

Another potential impact from a noisy environment could be effects on fish egg
mortality, and fry survival and growth rate (Banner and Hyatt, 1973). These authors noted that
under controlled testing conditions, the viability of the eggs of one species ofesuaine fish
(Cyprinodon variegatus) was significantly reduced in aquar when a low frequency (40-1000
Hz) noise source, at 105-120 dB source level, which was approximately 40-50 dB above ambient
noise conditions, was maintained over a number of consecutive days. Further, growth rates of
fry in that same species, as well as in another species of estuarine fish (Fundulus similis), were
significantly less than those noted when noise levels were reduced by about 20 dB during the
same time period.

Hastings (1991) postulated a safe zone of 150 dB or lower for fish, which would be at
178 m range from the source, and a potential hazard zone of 180 dB or higher, which is at a
distance 8 m or less from the source. This should also apply to fish fry (Hastings pers. comm.,
1995). There is no reason to believe that viviparous (internally fertilizing and live-bearing)
fishes would be affected by the source transmissions, and the chance of premature release of
larvae (already fertilized) occurring as a result of the source transmissions is negligible (Cailliet,
pers. comm., 1995). Only a few individual fish would be found in the potential hazard zone, and
only a very small number (representing an insignificant proportion of any population of a
species) would be found closer to the source than the boundaries of the safe zone, during a
transmission (2-8% of the time).

- Potential for behavioral disruption and habituation: For fish species, behavioral
disruption refers to cessation of resting, feeding, or social interactions; changes in horizontal
and/or vertical movement throughout the water column; and avoidance of the sound field area.
Avoidance may mean movement from a site of normal habitation, rapid response swimming
toward or away from the sound source, or some combination of these actions. In almost all
observations of behavioral disruption, little or no information has been obtained about the
duration of the period of altered behavior subsequent to the disturbance (Richardson et al., 1991).
Thus, what little information is available almost always pertains to short-term (minutes or, at
most, hours) changes in behavior.

Studies have strongly suggested that the noise produced by fishing vessels and their
associated gear often results in avoidance by just the animals they wish to harvest (Maniwa,
1971). Continuous underwater construction noise, when within the hearing range, and at
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Figure 4.3.2.2-5 Sound pressure thresholds for 3 shark species
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reasonably high levels, also can result in fish moving out of the affected regions (e.g., a 500-600
Hz received level of 90 dB at approximately 160 m from the source) (Konagaya, 1980).

The best sensitivity range of the majority of the fish expected in the north Kauai offshore
region should be in the 200-800 Hz frequency band. Thus, it is considered unlikely that ATOC
sound transmissions would cause any measurable behavioral disruption to the indigenous fish
species.

Sharks are difficult to study under laboratory conditions, but (as stated above) several
studies have found that they are probably sensitive to both sound pressure, and particle velocity
or displacement (similar to goby, perch, ruff, toadfish, tautog, and tuna), and show a similar low
sensitivity and narrow bandwidth of frequencies in their hearing range (Banner, 1967; Nelson,
1967; Kelly and Nelson, 1975). As a relative example, Myrberg (1978) reported that a silky
shark (Carcharhinusfalciformis) withdrew from a 300 Hz, 155 dB source level sound at 10 m
range. He also noted that a lemon shark (Negaprion brevirostris) responded to a 300 Hz sound
at 130 dB source level from about 100 m distance. Behavioral evidence indicates that sharks
detect underwater sound at low frequencies (<1 kHz), and that certain signals (particularly in the
20-80 Hz range) can attract sharks (Popper, 1977). The effect of pulse intermittency and pulse-
rate variability on the attraction of five species of reef sharks to low frequency, pulsed sounds
was studied at Eniwetok Atoll, Marshall Islands, during January 1971 (Nelson and Johnson,
1972). The species of shark tested were:

* Gray reef (Carcharhinidae menisorrah)
* Blacktip reef (C. melanopterus)
* Silverffp (C. albimarginatus)
• Lemon (Hemigaleopsfosteri)
* Reef whitetip (Triaenodon obesus)

Three artificial test sounds of identical frequency bandwidth (25-500 Hz) but different
pulse characteristics were used, as follows:

• Sound 1: 10 pulses/sec, continuous
* Sound 2: 10 pulses/sec, intermittent
* Sound 3: 15-7.5 decreasing pulses/sec, intermittent

30-sec sequences were repeated ten times to comprise single 5-min playback periods.

A total of 253 sharks were seen during 45 sound playback periods, while 44 sharks were
seen during 45 corresponding control periods. Response intensities of attracted individuals,
coded in relationship to speed and proximity to the sound speaker, were highest for Sound 3,
somewhat less for Sound 2, and least for Sound 1. More importantly, sharks exhibited both
intradaily and interdaily habituation to all three sounds during the course of the experiment.
Nelson and Johnson (1972) concluded that the attractive value of low frequency, pulsed sounds
to sharks clearly is enhanced by intermittent presentation, and that such intermittency contributes
more to attractiveness than does pulse-rate variability.
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Because sharks are known to be attracted to low frequency signals, they would appear to
be one of the best candidates for incurring some level of behavioral disruption due to the ATOC
low frequency source ansmiss'ons. However, based on the Nelson and Johnson (1972) studies
cited above, sharks readily habituated to low frequency, pulsed sounds. Thus, it might be that
the attractiveness of the ATOC source emanations would wane over a period of time, given that
it would generate more constant transmission characteristics, at duty cycles (transmission
periods) of 20/o-8%.

Mitigation Measure 11-1: The MMRP would monitor fish stock assessments (via Western
Pacific Regional Fishery Management Council catch-block landing data; LTPY, CPY,
and RAYdata from NMFS; and interaction with the Kauai CAG and local fishermen) to
attempt evaluation of the potential for impacts to fish, particularly sharks, in relation to
ATOC source sounds.

Potential for long-term effects: According to Richardson et al. (1991), it is rarely
possible to identify the specific cause of any apparent long-term effect (e.g., displacement), and
even the occurrence of displacement can be difficult to detect It is noted, however, that there are
a few reports of probable or possible long-term displacements of marine mammals from local
areas in which underwater noise was presumably a major factor. Thus, it is possible the same
could occur in the case of fish.

If fish do react to noise from human activities by reduced use of certain areas, there is
often insufficient reliable and systematic data collected to document the trend. In contrast, it is
relatively easy to document cases where fish remain in ensonified areas. Thus, cases of partial,
or even complete, abandonment of disturbed areas may, in fact, be more commonplace than
expected (Richardson et al., 1991), which could impact the local economy.

Although the potential significance of permanent displacement is difficult to determine,
Richardson et al. (1991) speculated that in an area where the density of animals is low, and
similar to the densities in many other areas, it is unlikely to be critical either to individuals or to
the population. They note, however, that effects of displacement would be more problemmatical
in areas consistently used by higher concentrations of animals or areas important to a small but
critical component or function of the population (e.g., reproduction).

Animals that appear to tolerate human-made noise are presumed to be less affected by the
noise (e.g., through habituation) than are others whose behavior is changed overtly, sometimes
with displacement. However, as noted by Richardson et al. (1991), the presence of animals in an
ensonified area would not necessarily prove that the population is unaffected by the noise (i.e.,
the number of animals in the ensonified area may be only a fraction of the numbers that would
have been there in the absence of the noise). Also, as noted earlier with regard to marine
mammals (Brodie, 198 1b), fish, like marine mammals, may remain in an area despite the
presence of noise disturbance if there are no alternative areas that meet their requirements.
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There is insufficient information to determine whether any adverse long-term impacts to
fish could result from ATOC sound transmissions. However, given factors of population
"density, portions of the range that might be affected, the low duty cycle of the ATOC source, and
the deep location of the source, the potential for this impact is presumed low. It should be noted
that despite a small potential spatial influence, there could be a temporal influence; i.e., fish
exposed at time "t" may not be the same fish exposed at time "t+l." Thus, although the number
of fish potentially affected at any one time may be small, over a long period of time, the
proportion fish in a population exposed to the sound could be relatively large.

• Potential for masking: The same general principles concerning masking discussed at
the beginning of Section 4.3 also apply to fish and sharks. As noted, the maximum radius of
influence of noise on a fish is the distance from the sound source at which the noise can barely be
detected. This distance is determined by either the hearing sensitivity of the animal, or the
background noise level present. To date, there have been only a few studies of auditory masking
in fish, and these offer minimal useful data for comparison. Tavolga (1967) was the first to study
the effects of noise on pure-tone detection in two non-ostariophysine species. He reported that
the masking effect is generally a linear function of masking level, and is independent of
frequency. His measurements of tonal thresholds at the edges of a masking band centered at 500
Hz for the blue-striped grunt (Haemulon sciurus) elicited tentative suggestions of the existence
of critical bands for fish, as in mammals.

Buerkle (1968) addressed directly the question of critical bandwidths in fish, emphasizing
five frequency bands within the 20-340 Hz region. It is clear from his data that in fish, as in
mammals, masking is most effective in the frequency region of the signal, and that some filtering
must be occurring in the fish's auditory system. Chapman and Hawkins (1973) conducted
studies on cod, haddock, and pollack in the ocean off the Scottish coast, the results of which
showed that masking of hearing thresholds (approximately 78-85 dB in the frequency range 57.5-
92.5 Hz) by ambient noise, although negligible in calm sea conditions, invariably occurred at
higher sea states. In summary, it appears that masking effects may be even more complex in fish
than in terrestrial vertebrates due to the possibility of multiple receptor systems (Popper and Fay,
1973).

Sharks, which rely on highly developed prey detection skills, have exhibited the use of
hearing to interpret the sounds of their prey (Banner, 1972; Myrberg et al., 1972: Nelson and
Johnson, 1972; Myrberg et al., 1976; Nelson and Johnson, 1976). Such distance-related sensing
systems can be affected through masking due to ambient noise levels. Nelson and Johnson
(1970) measured the difference in a lemon shark's audio threshold to a 300 Hz, 130 dB source
caused by sea state 1 and 2 to be 2 dB, and the difference caused by light vs. heavy vessel traffic
(at sea state 1) to be 18 dB. This equated to differences in masking ranges of 45 m for sea states
1 vs. 2, and 110 m for light vs. heavy boat/ship traffic.

Masking effects would be most significant for those species that have critical bandwidths
at the same frequencies as the ATOC source, and that do not have other frequency bands of use.
This would appear to be the most applicable to sharks. For the three species of shark that
audiograms are available (horn, lemon, bull), hearing thresholds at 75 Hz ranged from 99-130
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dB, equating to potential masking areas of radius 5 km to approximately 300 kIn. However, at a
2% duty cycle, it is anticipated that masking would be minor and temporary (98% of the time a
shark would be able to perceive prey through low frequency sounds, and effective masking
would only occur for environmental sounds shorter than the 20 min ATOC transmission period,
that happened to fall within that 20 mrin window).

• Potential for Indirect Effeet: The principal indirect effect on fish and sharks would be
any potential impact on the food chain that could ultimately impact fish (as a predator), or other
species (in the context that certain fish are their prey) in the vicinity of the study area.

Migratory pelagic fish often feed on smaller fish and zooplankton (e.g., in the deep
scattering layer), while sharks usually prey on larger fish, marine mammals, and sea turtles.

One mesopelagic fish species, the lanternfish (Myctophidae), migrates through the water
column over a 24-hour cycle, and makes up a significant part of the food chain for many marine
animals (particularly baleen whales). While nothing is directly known about the acoustic
behavior of myctophids, some of these species may use sound for communication and hear quite
well. For example, Marshall (1967) demonstrated that several myctophid species have particular
groups of muscles that are likely used for sound production. Popper (1977) published work on
the ears of myctophids where, through the use of electron microscopy, it was seen that several
species have highly specialized ears, compared to other species, such as tuna, that do not hear
well. Based on the study of almost 100 other species, Popper concluded that the ear pattern in
myctophids is typical of those species that hear very well.

Thus, any impact of the source on prey populations in the vicinity of the study area could
possibly cause indirect effects on fish and marine mammals that rely on that food source.
Myctophids make up the bulk of the deepest of three fairly well-defined deep scattering layers, at
about 500 m (Castro and Huber, 1992) during the daylight hours. Applying Hastings' (1991) safe
received level of <150 dB, myctophids would generally have a buffer zone of at least 170 m (500
m depth for the DSL, 670 m depth to the 150 dB sound field). During nighttime periods, the
DSL moves toward the surface, expanding the buffer zone to up to 600 m. Therefore, the
potential for acute or short-term effects (Table C-l) on myctophids is not anticipated to be
significant.

The potential direct, indirect, and cumulative impacts of the proposed project on these
prey species are discussed in the following sections of this EIS: invertebrates and plankton,
Section 4.3.2.3; odontocetes, Section 4.3.1.2, and sea turtles, Section 4.3.2.1. These sections
supplement this discussion of the potential indirect impacts of the proposed project on fish.

4.3.2.2.2 Potential Cumulative Effects on Fish

Activities that could potentially be considered to interact cumulativly to affect fish
species off the north coast of Kauai include noise-generating activities: merchant shipping,
commercial fishing, and recreational water sports, as well as direct exploitation of fish species by
commercial fisheries. The discussions below also account for MMRP-related activities that
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could potentially cumulate with the source transmissions: 1) aerial visual and acoustic
surveys/observations, 2) shipboard visual and acoustic surveys/observations.

Since the level of ambient noise produced by endemic activities cannot be changed, any
potential cumulative effects caused by the addition of ATOC sound transmissions are likely to
depend, in part, to the degree that fish habituate to repeated noise exposure.

However, noise increases from other potential future sources are speculative; there are no
known projects or trends that would have noise impacts cumulating with the ATOC sound
transmissions. Any potential for increases of commercial fishing in the area are speculative. As
discussed in this EIS, direct impacts to most marine animals are expected to range from minor to
negligible. No significant impacts are anticipated when the current project is added to other
cumulative changes in the environment.

4.3.2.2.3 Summary and Conclusions Concerning the Potential
Effects n Fish

This section summarizes the information presented in the previous sections on potential
effects and significance of the ATOC source operations and MMvRP on fish.

There is potential for auditory injury for individuals of any species of fish located where
received levels are at or above 180 dB (Hastings, 1991), which equates to a radius of about 8 m
around the source. However, given the fact that the 5-min ramp-up period may allow sufficient
time for fish to depart the area prior to onset of the main transmission, and the small volume
involved for the 180-195 dB level, impacts on fish populations should be minimal. The
possibility of masking must be stated as uncertain, due to the lack of available data, but is
expected to be minimal. In addition, most pelagic species should be far enough away from the
proposed source site that they should experience no impacts from the source transmissions.
Similarly, those species inhabiting the areas below the depth of the source (i.e., >850 m) should
receive less exposure.

Because sharks are known to be attracted to low frequency signals, they would appear to
be one of the best candidates for incurring some level of behavioral disruption due to the ATOC
low frequency source transmissions. However, based on the Nelson and Johnson (1972) studies
cited above, sharks readily habituated to low frequency, pulsed sounds. Thus, it might be that
the attractiveness of the ATOC source emanations would wane over a period of time, given that
it would generate more constant transmission characteristics, at duty cycles (transmission
periods) of 2%-8%. Based on available data, there is the potential for masking low frequency
sound used by sharks; although, at a 2% duty cycle, it is anticipated that such masking would be
minor and temporary.

It is likely that some fish inhabiting the waters off the north coast of Kauai are able to
hear low frequency sounds. They have been observed to move away from fishing boats which
generate a high level of low frequency noise, but the effect is short-lived. From the fact that
Kauai has a fishing enterprise, harvesting many of the species in the general study area, it could

4-108



ENVIRONMENTAL CONSEQUENCES

be speculated that these fish probably do not experience any permanent negative impacts due to
low frequency sound from fishing boats.

Generally, the impacts are expected to be about the same at each of the alternate project
sites, with the exception of the autonomous source. Open ocean species inhabiting the depth of
the sound channel would be expected to receive more exposure in the immediate vicinity of an
autonomous moored source than they would from any of the alternate sites closer to shore
(although the source could possibly be placed in an area devoid of myctophids).

It should be noted that despite the small spatial area of potential influence around the
ATOC source, there could be a large temporal component; i.e., fish exposed to the ATOC sounds
at time "t" may not be the same fish exposed at time "t+l ". Thus, although the number of fish
affected at any one time may be small, over a long period of time, the proportion of fish in a
population exposed to the source could be relatively large.

Table 4.3.2.2.3-1 summarizes the potential direct and indirect effects, and potential
cumulative effects of the alternatives on fish species.
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4.3.2.3 Invertebrates

Hawkins and Myrberg (1983) conclude that some sound-producing invertebrates are
capable of communicating with each other, although the significance of such interactions is
unclear, and overall little is known about the importance of sound communication in
invertebrates. Further, there is minimal experimental evidence of sound reception in invertebrate
species. However, some information exists for sound reception in three crustaceans, including
the American lobster (Homarus americanus), a crayfish (Cherax destructor), and brown shrimp
(Crangon crangon), as discussed below.

Invertebrates are important food sources for many of the other species discussed in this
EIS. For example, many invertebrate and fish species forming the deep scattering layer are the
prey of sea turtles, other fish, and mysticetes; crustaceans are preyed upon by sperm whales and
olive ridley sea turtles; shellfish are eaten by sea otters and loggerhead sea turtles; crabs are the
prey of loggerhead sea turtles and various sea lions and seals; squid is an important food source
for many odontocetes, as well as sea lions and seals; and octopi are eaten by pygmy sperm
whales, dwarf sperm whales and elephant seals. The following sections on invertebrates also
constitute a discussion of the potential indirect impacts on these predator species.

4.3.2.3.1 Potential Direct and Indirect Effects on Invertebrates

Hearing capabilities and sound production of invertebrates: There is experimental
confirmation of a sense of hearing in at least one invertebrate, the American lobster, and its
audiogram at the ATOC frequency of 75 Hz indicates a hearing threshold value of 120 dB
(meaning extremely low sensitivity) (see below). Despite a general lack of experimental
evidence for hearing, Pumphrey (1950),Frings and Frings (1964, 1967), Budelmann (1992) and
others have suggested that sound reception may be possible among aquatic invertebrates. The
suggested acoustic receptors have been many and varied but predominant among them are the
following:

"• Flow detectors (superficial hydrodynamic receptors)
"* Statocysts (internal receptors)
"* Chordotonal organs (associated with joints of flexible body appendages)

Flow detectors include sensory cilia, either naked or embedded within a gelatinous cupula
projecting into the water, or situated in pits on the body surface, as well as a great variety of
other hair-like and fan-like projections from the cuticle, often articulated at the base and
connected to the dendrites of sensory cells. Most are considered prime candidates as receivers of
water-borne vibration because they are highly sensitive to mechanical deformation, and are in
close contact with the surrounding water. The effectiveness of these cutaneous receptors in
detecting purely local water movements is evident. Tautz and Sandeman (1980) have stressed
that quite short sensory hairs can be effective flow detectors in water. Pumphrey (1950), Harris
and van Bergeijk (1962), and Siler (1969) have all stated that low frequency vibrating objects in
water show a near-field effect, and although the magnitude of propagated back-and-forth motion
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is extremely low at a distance, there is a steep increase in amplitude close to the source, which
may serve to stimulate an appropriate detector.

Whether these various water-flow receptors are true sound detectors is difficult to answer.
Although the organs concerned can detect oscillatory movements, there is still doubt as to
whether they are sufficiently sensitive to detect the exceedingly low amplitude water movements
found in the far field of the ATOC sound source. Weise (1976), investigating the telson hairs of
the crustacean Procambarus clarkdi, calculated a particle displacement amplitude at a threshold
of 0.1 pm (1 pgm or micrometer is equivalent to 0.000001 m) at 100 Hz, while Tautz and
Sandemen (1980) have directly measured a threshold of 0.6 pm at 100 Hz for the sensory hairs
on the chelae of the crayfish Cherax destructor. These thresholds would seem to fall far short of
the sensitivity necessary in an auditory receptor. To put these figures in perspective, Offutt
(1970) claimed a sensitivity threshold of 8.1 x 10-4 gm at 75 Hz for the American lobster.
Moreover, fish responding to underwater sounds show calculated displacement amplitudes at the
otolith organs of 0.5 x l04 pin at 75 Hz for cod (Chapman and Hawkins, 1973), and 3.0 x 10-4
4m at 75 Hz for salmon (Hawkins and Johnstone, 1978). Based on this differential of more than
four orders of magnitude, it can be concluded that the water motion detectors of aquatic
invertebrates do not approach the sensitivity of fish.

Another type of organ suggested as an auditory receptor is the statocyst, which may be
more suitable for the purpose. A statocyst is an organ consisting of a fluid-filled sac which helps
indicate position when the animal moves. Unloaded cilia or sensory hairs are almost certainly
acoustically transparent, and though they may respond to bulk movements of water that impinge
directly on them, sound waves will tend to propagate through them. However, in the statocyst
organ, one end of the sensory cilia is often anchored to a mass of sand or calcareous material
which has a-much higher impedance than the surrounding water. This dense mass tends to
remain stationary, while the body tissues move back and forth deforming or shearing the sensory
hairs. This form of statocyst reception would pertain mostly to protozoan species (e.g., ciliates
and free-swimming tintinnids), and not invertebrates, and probably only peripherally to
cephalapods.

It is by no means apparent that the statocyst serves an acoustical function. Any sensory
organ loaded with a dense mass will not only respond to sound but will inevitably also suffer
deformation under the action of gravity, and linear and angular accelerations. The statocyst
likely serves an equilibrium function, and any auditory function may be secondary (Schone,
1971). Although both Pumphrey (1950) and Horridge (1971) suggest that statocysts evolved
from stiff cilia which were originally vibration receptors, and that the response to gravity and
acceleration is a by-product of an improvement in hearing, there is little experimental support for
this view. Some evidence which may indicate an acoustic function is an early paper by Cohen
(1955) on the lobster, in which he reported that the statocyst responded to vibrations of the
substrate, but the animal exhibited no response to a tuning fork immersed in the water.

Recent literature (Budelmann, 1992) states that statocysts of cephalopods include angular,
as well as equilibrium and gravity receptor systems, and because of the latter's gross morphology
as linear accelerometers, they should not be categorically excluded as acoustic particle detectors
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and thus could be involved in underwater hearing as well. However, experiments conducted by
M. Clarke (pers. comm., 1993) involving the detonation of dynamite near living captive squid
produced no reaction from the squid, suggesting that cephalopods are deaf. There are apparently
no other measurements of noise-induced effects on cephalopods. Pertinent data on other
invertebrates are addressed below.

A chordotonal organ with two sets of sensory cells has been described in the basal
segment of the antennal flagellum of the hermit crab (Petrochirus) (Taylor, 1967) and
comparable organs exist on the large and small antenna of spiny lobster (Panulirus marginatus)
(Laverack, 1964; Hartman and Austin, 1972; Rossi-Durand and Vedel, 1982). An extremely
sensitive system that is associated with intersegmental joints of the flagellum of the first and
second antenna has been described for a crayfish (Astacus) (Tautz et al., 1981; Bender et al.,
1984). In water, these appendages easily follow an oscillation of the water column surrounding
it, whereby they stimulate the chordotonal sensory cells. To date, no experimental measurements
have been carried out to quantify the relationship between underwater acoustic pressure and
sound threshold levels of chordotonal organs.

Many aquatic invertebrates can generate sound (Hawkins and Myrberg, 1983). Some of
these sound producers have been identified, particularly those that contribute substantially to the
level of the ambient noise in the ocean. However, little information is available on the
importance of sound communication to invertebrate fauna. Most research emphasis has been on
the determination of the various sound sources and their sound-producing mechanisms. Among
the crustacean sound producers are the barnacles, Balanidae (Busnel and Dziedzic, 1962; Fish,
1964); decapods like the spiny lobsters, Palinuridae (Palinurus) (Dijkgraaf, 1955; Moulton,
1957); prawns of the families Palaemonidae and Penaeidae; snapping shrimps of the family
Alpheidae (Johnston et al., 1947; Hazlett and Winn, 1962; Fish, 1964); mantis shrimp,
Gonodactylus (Hazlett and Winn, 1962); and brachyuran and anomuran crabs. Among the
molluscs, the common mussel Mytilus produces a crackling sound, while squid emit a popping
sound (Iversen et al., 1963). Of the echinoderms, some sea urchins produce a "frying" sound
(Fish, 1964).

Some of the invertebrate sound producers have no clearly defined vocal organs, and may
well be making noise incidentally while performing other natural activities. However, some
crustaceans make sounds by mechanisms that have no obvious alternative function. For
example, spiny lobsters have a pair of stridulating organs capable of producing a grating or
creaking sound, each composed of a series of fine parallel ridges lining a hollow surface on the
base of the second antenna. By raising both antennae, the ridges are rubbed along the edge of the
rostrum, producing a loud creak (Hawkins and Myrberg, 1983). The provision of this specialized
mechanism provides strong evidence that these sounds may serve a communication function
(Moulton, 1957).

The sharp, explosive click, or pop, produced by various species of snapping shrimp is
generated by a plunger mechanism on the enlarged claw (Johnston et al., 1947). The shrimps'
habit of snapping may be associated with defensive and offensive activities, or serve to frighten
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away predators. However, occasionally snaps are produced spontaneously by undisturbed
animals, and are combined with the snapping of other individuals within a large population.

Hawkins and Myrberg (1983) conclude that at least some of the sound-producing
invertebrates are capable of communicating with one another, although the significance of their
behavior is unclear at this time. Although the sounds generated are impulsive, and therefore
contain a wide spread of firequencies, it is likely that only the lowest frequency components are
detected by the animals themselves.

Potential for Physical Auditory or Behavioral Effects:

Experiments with bivalve molluscs, such as clams and mussels, have shown a wide range
of cuticular hair organs which are sensitive to oscillatory motion of the water (Laverack,
1962a,b; Tazaki and Obnishi, 1974; Vedel and Clarac, 1976; Weise, 1976; Tautz and Sandeman,
1980). However, researchers still question whether these various water-flow receptors are true
sound detectors, and whether they are sensitive enough to detect low amplitude water movements
produced by a sound source. Threshold levels seem to fall short of the sensitivity necessary for
auditory reception (Hawkins and Myrberg, 1983). Therefore, no physical auditory or behavioral
impacts on bivalves would be expected from ATOC source transmissions.

Branscomb and Rittschof (1984) reported that the cyprid larvae of at least one species of
barnacle (Balanus amphitrite) were inhibited from settling onto structures "protected" by specific
low frequency vibrations. Less than 1% of 0-day cyprids settled in the presence of such
vibration. Although settlement on the protected surfaces increased with older and apparently
less-discriminating larvae, the percentage of metamorphosis was significantly reduced for up to
13 days. Larvae that were prevented from settling merely attached themselves elsewhere. Most
interesting were the frequency discriminations noted: 30 Hz signals evoked far superior
protection than 15 or 45 Hz. Branscomb and Rittschof believe that such specificity may be due
to the adaptive recognition of vibrations produced by natural predators of these larvae.

Offutt (1970) was able to condition the heartbeat of an American lobster to sounds in the
frequency range of 10-150 Hz (Figure 4.3.2.3-1 shows the best frequency reception at about 75
Hz, with threshold levels above 120 dB). However, later studies by Hawkins (unpub.) have
failed to demonstrate similar abilities in the European lobster.

The only true lobster species in the study area are the Pacific spiny lobster (Panulirus
marginatus) and the slipper lobster (Scyllarides squammosus), which do not inhabit depths below
200 m (the ATOC 120 dB sound field shoreward limitation is approximately the 200 m bottom
contour). Thus, these animals should not be subject to sound fields above their hearing threshold
and should not be affected by acoustic source transmissions.

Lagardere (1982) reports that several small populations of the brown shrimp (Crangon
crangon) were reared in sound-proof containers with acoustical noise conditions measured in the
5-1000 Hz band (noise levels of 100 dB on average) similar to those prevailing in their natural
environment. Additionally, several similar sized populations were held in non-sound-proofed
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containers that were acoustically louder by about 30 dB in the 25-400 Hz range (i.e., about 130
dB), and about 20 dB louder in the 400-1000 Hz range. After the experimental period of two
months, those shrimp reared under the permanently high sound level were shown to have grown
significantly less than those held under the quieter conditions, and their reproductive rate was
also significantly reduced from that shown by the animals kept under the quieter conditions. To
a lesser degree, the higher noise level also appeared to increase aggression and mortality, while
decreasing food intake. Previous work on peneid shrimp has shown that when conditions affect
both food intake and metabolic rate, as apparently occurred in the case of the shrimp held under
the noisy conditions, lipid reserves are reduced (Myrberg, 1990). This leads to polyunsaturated
fatty acid deficiency with subsequent slowing of ovarian maturation.

The above-mentioned studies suggest that noise may impact the production levels of
certain shrimp species. Figures of sound field estimates in Section 2 illustrate the relatively
small area in which ATOC sound transmissions reach the 130 dB level (<5 km radius).
Furthermore, this level would only be attained a maximum of 8% of the time; whereas,
Lagardere's study involved continuous sound transmission for two straight months--and the
species tested were confined and unable to depart the area of the noise source. On an Leq basis,
the 130 dB sound field is a 300 m radius around the source. Given the numerous differences in
the conditions of the brown shrimp tests vs. the conditions expected for the ATOC project, the
potential for adverse physical or behavioral impact on shrimps from ATOC source transmissions
is considered unlikely, although this cannot be definitively stated.

The best evidence for low frequency sound detection in cephalopods is for octopus,
cuttlefish, and squid (Karlsen et al., 1989; Packard et al., 1990). Classical conditioning in a
standing-wave acoustic tube showed that cephalopods respond to particle motion rather than to
the pressure of sound, and that they can be trained to stimuli below 100 Hz, with best results in
the range of 1-3 Hz.(Budelmann, 1992). Octopus vulgaris displays res onse to particle
acceleration on the order of 0.0014 rn/sec2 at 3 Hz, but only 0.16 m/sec at 75 Hz--a decrease in
sensitivity of over two orders of magnitude (Packard et al., 1990). A decapod cephalopod (Sepia
officinalis) exhibits almost the same thresholds to low frequency sounds, except that its best
frequency appears to be about 1 Hz (0.00125 m/sec 2), and at 75 Hz it falls off to 0.16 n/sec 2--
again, a decrease in sensitivity of over two orders of magnitude (Packard et al., 1990).

In summary, minor decreases in shrimp productivity are possible, but would be expected
to affect only a small part of the range of the shrimp (within at most 5 km of the source).

• Potential for long-term effects: Virtually no scientific data appear to exist on the
possible long-term effects that low frequency sound transmissions could have on invertebrates.
Indeed, very few data are available on the true method of sound reception by individual
invertebrate species; limited information is available from such scientific researchers as
Sandeman and Okajima, 1973; Tautz and Tautz, 1983; Yoshino et al., 1983; Roye, 1986; and
Budelmann, 1992. If invertebrates do react to noise from human activities by reduced use of
certain areas, there presently are insufficient reliable and systematic data with which to document
any positive or negative trend.
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Potential for indirect effects: Indirect effects include those effects that could potentially
be caused by the proposed action and are later in time, or farther removed in distance, but would
still be reasonably foreseeable. The principal indirect effect in this case would be any potential
impact on the food chain that could ultimately impact invertebrates as predator or prey in the
vicinity of the study area.

Potential indirect effects to pelagic and benthic invertebrates could include changes in the
distribution and abundance of species that serve as prey for fish and other invertebrates, or that
function as predators of invertebrates. Benthic invertebrates, particularly infauna, serve as a
primary food source for many species of bottom-dwelling fish and epifaunal invertebrates.
Similarly, many pelagic invertebrates, including numerous species that occur in the DSL (such as
euphausiid shrimp), are important prey items for pelagic fish, marine mammals, seabirds, sea
turtles, and other invertebrates. However, because there are no known benthic or pelagic
invertebrates of significant distribution within the potential ATOC sound field, and because of
the planned ramp-up period (expected to be beneficial to some, but not all invertebrates [i.e.,
those that are non-mobile or move very slowly and are located within 8 m of the source]), and
limited duty cycle, it is unlikely that there would be impacts on invertebrates (as predators or as
prey for other species) from the proposed action.

4.3.2.3.2 Potential Cumulative Effects on Invertebrates

Activities that could potentially be considered to interact in a cumulative sense to affect
invertebrate species in the study area off the north Kauai coast include noise-generating
activities: merchant shipping, commercial fishing, recreational water sports, marine and
nearshore construction, and resort operations. The discussions below also account for MMRP-
related activities that could potentially cumulate with the source transmissions: 1) aerial visual
surveys/observations, 2) shipboard acoustic surveys/observations.

However, noise increases from other potential future sources are speculative; there are no
known projects or trends that would have noise impacts cumulating with the ATOC sound
transmissions. As discussed in this EIS, direct impacts to most marine invertebrate species are
considered to be unlikely. No major impacts on invertebrate populations are anticipated when
the current project is added to other cumulative effects in the environment.

4.3.2.3.3 Summary and Conclusions Concerning the Potential
Effects on Invertebrates

This section summarizes the information presented in the previous sections regarding the
potential effects of the ATOC source operations and MMRP on invertebrates. Where there is no
potential effect or no likely effect even from maximum potential exposures, the project is
considered not to have impacts on that species. It should be reemphasized that there is minimal
experimental evidence of sound reception in invertebrate species.

No direct auditory injury or deafness are anticipated for any species of invertebrate.
There is minimal evidence that marine invertebrates are capable of hearing or intentionally
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producing sounds; no hearing organs or vocal organs have been identified for most species. One
exception is the lobster which research indicates is able to perceive low frequency sound, but
only at very high volumes. Since lobsters are not found in water deeper than 200 m, they would
not be exposed to sounds loud enough for them to hear.

Research has found that certain shrimp species are less productive when exposed to
continuous high sound levels. Shrimp are found both on the seafloor and in the DSL. They
provide an important source of food for many larger species of fish and marine mammals. The
DSL moves vertically within the ocean, ranging from about 500 m during the day, and migrating
to near the surface at night. A small portion of the DSL which happens to be within 350 m of the
source during the 2-8% of the time it is transmitting, could be exposed to relatively high sound
levels (about 144 dB). However, given the intermittent nature of the transmissions, and the small
part of the range of the shrimp exposed, the impacts on shrimp populations are not expected to be
significant.

Generally, there is no difference between any of the alternate sites, except the
autonomous source, which would be placed in among somewhat different (open ocean rather
than shelf and slope) invertebrate communities. Since direct impacts on most invertebrates are
considered to be unlikely, the difference in sites is presumed to be inconsequential.

Commercially-taken invertebrates (e.g., squid and octopus) would be monitored, to the
extent practicable and feasible, via stock assessments (with fish species; see Section 4.3.2.2.1) to
attempt evaluation of the potential for increased predation on invertebrates or changes in their
reproductive output.

Table 4.3.2.3.3-1 summarizes the potential direct and indirect effects, and potential
cumulative effects of the alternatives on invertebrates.

4-123



ENVIRONWWfAL CoNsFuEQ~c~ss

s 14

C40

c- E~ 2 cz

-. 4-

= 001 t-

a gi U U.

0. - JE . . -

g .2 40 0- IN

cz~ -0

c- 0 a u. u

-~.u ,*~ , -

0 C,
u .E U -~*'lz

O L .

U ~ -~ - 2 4- 124



- - ______________________ENVIONMENTAL coNSEQuENCEs

86~

o ~I
~f n

96e a

22 - CL -

vii

- A . .

.00; 0

> E

o eta B-9 w

Z:

20 t- rL

ý4I -
w ~ t~.

C4O125



ENVIRONMENTAL CONSEQUENcp-s

rA 13

ds ta

e 902 -

80 E Ii

<~

00

u V,,

- ~ C. .~-01

'01 0 -t3 :3)

> U

E 0- t3

Cu

4<12



ENVIRONTNTAL CONSEQUENCES

a L°!. .§ .a *I

Sa

U - 2. 0.00

- E

E 42 !2.- E c

OdJO)

"> C6 I o-: I : 29

E0.

42 r

% Eu

0.~0

.. E_ E 7 - > ."4u ._ E

: 6 J- " 0. u u c

ca. E. S 0.

. q

Z E. -ouc-52

> n ~ 0

4u

4-127



ENVIRONMENTAL CONSEQUENCES

4.3.2.4 Plankton

Zooplankton are addressed primarily because some of their species make up the DSL. As
night approaches, these layers rise and become more diffuse, forming again at dawn. In the
northern latitudes, where the DSLs are most pronounced, three fairly well-defined layers are
often formed. The deepest is at about 500 m, composed mostly of small myctophid fishes (see
Section 4.3.2.2 for discussion of potential effects on this fish species); the second at 400-500 m,
made up mostly of zooplankton, such as copepods (e.g., Calanus, Neocalanus, Eucalanus,
Acartia) and krill (e.g., Thysanopoda, Meganyctiphanes), and euphausiid shrimps (e.g.,
Euphausiapacifica/muticalrecurva); and an upper stratum, at 300-400 m made up primarily of
shrimps (e.g., Sergestes, Gnathophausia) (McConnaughey, 1970).

The species discussed below are important food sources for many of the other species
discussed in this EIS. For example, many zooplankton species forming the DSL are the prey of
sea turtles, fish, and mysticetes. The following sections on the direct, indirect, and cumulative
impacts of the proposed action on plankton, therefore, also constitute a discussion of the
potential indirect impacts on these predator species.

4.3.2.4.1 Potential Direct and Indirect Effects on Plankton

Copepods comprise the bulk of the zooplankton in the world's oceans. In both numbers
of individuals and numbers of species they exceed all the rest of the metazoan plankton
combined, and are a key group in the economy of the seas. The free-floating/swimming
copepods are usually very small, ranging from 0.2 mm to about 2 cm in length. Copepods of
genera Calanus, Neocalanus, Eucalanus, andAcartia are widespread in the study area. The
greatest swarms of copepods are commonly found in colder waters; however, they do occur in
warmer waters, often just as numerous as some of the species characteristic of and limited to
warmer regions. No known studies have been completed on the potential impact of low
frequency sound transmissions on copepods. Therefore, the reader is referred to the comments
made above concerning crustaceans in general.

In summary, no direct short-term impacts to zooplankton are anticipated. Any impact on
planktonic abundance in the DSL is likely to be less than comparable effects from indigenous
sound sources.

No scientific data are available on the potential for long-term or indirect effects of low
frequency sound on zooplankton. However, any change in the status of DSL predators could
indirectly affect the planktonic species that make up the DSL. The potential for this occurring is
addressed in other sections of this EIS.

S4.3.2.4.2 Potential Cumulative Effects on Plankton

Section 4.3.2.3.2, potential cumulative effects on invertebrates, also pertains to
zooplankton (particularly copepods). No cumulative impacts are anticipated.
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4.3.2.4.3 Summary and Conclusions Concerning the Potential
Effects on Plankton

This section summarizes information on the potential effect of the ATOC source
operations and MMRP on zooplankton. Where there is no potential effect or no likely effect,
even from maximum potential exposures, the project is considered not to have impacts on that
species.

No direct auditory injury or deafness are anticipated for any species of zooplankton.
There is no direct evidence that zooplankton are actually capable of sound discrimination or
intentionally producing sounds; no hearing organs or vocal organs have been identified for those
species studied. Therefore, for most species, it appears that no impacts would occur.

Zooplankton are distributed widely throughout the DSL, which provides an important
source of food for many larger species of fish and marine mammals. The DSL moves vertically
within the ocean, ranging from 400-500 m during the day, and migrating to near the surface at
night. Therefore, during the day there is at least a 170 m buffer zone between the zooplankton in
the DSL and the 150 dB sound field (500 m depth for the DSL, 670 m to the 150 dB sound
field). During nighttime, when the DSL migrates toward the surface, the buffer zone expands to
up to 600 m. This, plus the intermittent nature of the transmissions, and the small portion of
zooplankton populations exposed (particularly copepods), leads to the conclusion that any
impacts are expected to be negligible.

Generally, there is no difference between any of the alternate sites, except the
autonomous source, which would be placed in among somewhat different (open ocean rather
than shelf and slope) zooplankton communities. Since impacts on most planktonic species are
anticipated to be negligible, this difference is presumed to be inconsequential.

4.3.2.5 Seabirds

Section 3 lists the species of seabirds that can be expected to be found off the north Kauai
coast. Marine birds are of two types: those that spend most of their time near shore, and those
that remain at sea, approaching land only during breeding season. Shore birds and those seabirds
that spend most of their time feeding in the coast and nearshore zones, and do not commonly
plunge dive, can be considered to be unaffected by any acoustic source transmissions. Those
marine birds which remain offshore during most of the year, and do not dive below the surface to
forage for food are also unlikely to be affected by either the MMRP activities or acoustic source
sound transmissions. The seabirds that would appear to be most susceptible are those species
that dive. There are 56 species that may inhabit the Hawaiian Islands, many which dive in search
of food, but none that dive deeply (>20 m).

4.3.2.5.1 Potential Direct and Indirect Effects on Seabirds

Hearing capability of seabirds: Dooling (1978) summarizes psychophysical
investigations of hearing in a number of avian species during the 1968-1978 timeframe. He
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notes that behavioral measurements of absolute auditory sensitivity in a wide variety of birds
show a region of maximum sensitivity between 1 and 5 kHz. On the basis of this general
measure, birds fall between two other major vertebrate groups: reptiles and mammals, but avian
hearing performance is clearly inferior to that for mammals above and below the 1-5 kHz range
of frequencies. Possible exceptions to this general picture include the oilbird (Steatornis
caripensis) and growing evidence that some pigeon species (Columba spp.) are sensitive to
infrasound at moderate intensity levels. Neither of these avian species inhabit the north Kauai
offshore area.

Fay (1988) states that the outer ear of birds includes a feather-covered external canal,
with no pinna, as it is usually conceived. The feathers covering the external canal seem to be
specially adapted for minimizing air turbulence (and thus noise) during flight. Fay goes on to
discuss the bird middle ear, which is similar to those of amphibians and reptiles, in that it has a
single major ossicle, the columella or stapes. The efficiency and frequency response of bird ears
is not unlike that of mammals below about 2 kHz. Fay notes that the inner ear of birds includes a
cochlea, in addition to an associated lagena, and the vestibular saccule, utricle, and semi-circular
canal cristae. The function of the lagena is not known, but may serve as a very low frequency
sound detector. The cochlea is elongated and slightly "bent," similar to the auditory papillae of
some reptiles. A cross-section of the bird basilar membrane and papilla shows many rows of hair
cells which vary in height across the membrane. Fay says that there is, as yet, no clear evidence
for a classification of inner and outer hair cells as there is among mammals.

Audiograms in air for about 22 different bird species show their best sensitivity to be in
the frequency range of 1-3 kHz as shown in figure 4.3.2.5.1-1. Among the 22 audiograms
available, the species that would be most closely related to seabirds is a mallard duck, which had
a hearing threshold in air of about 70 db re 20 jiPa at 75 Hz (extrapolated) (Trainer, 1946).
Applying the formula for conversion of sound pressure level from air to water, albeit a
speculative technique in this case, the duck's threshold would be 131.7 dB re 1 jiPa.

- Potential for physical auditory_ effects: Seabirds that forage for food at sea by plunging
or diving beneath the surface would be more likely impacted than surface feeders. Seabirds that
perch or hover at the surface but do not plunge dive are obviously less at risk, and the potential
for any significant number of these animals to be on the water's surface within the 130 dB sound
field (see Section 2) during acoustic transmission is low. Any seabirds in the area would be
expected to fly away if they detected and were annoyed by the 5 min ramp-up sound prior to the
main signal transmission.

Using the mallard duck's audiogram measurements as a rough order-of-magnitude

example, its hearing threshold equates to a sound field of only 0.00073 km2 area around the
source site within which the seabird would have to be located to hear the signal during source
transmission. Therefore, no impacts are anticipated. If a seabird's threshold is lower than the
example given, the sound field area would expand proportionally.
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Because of the lack of audiometric data that is directly relatable to seabirds, another way
to attempt to ascertain the potential impact of the acoustic source transmissions on deep-diving
seabirds is the conversion of known safe underwater explosion thresholds to sound pressure
levels that can be related to the proposed source sound field parameters, although it should be
emphasized that the criteria of Yelverton et al. (1973) apply to sharp shock-wave pulses.
Yelverton calculated the safe underwater explosion thresholds for seabirds to be the following:

* Seabirds on the surface: 30 psi-msec
* Seabirds diving below the surface: 20 psi-msec

In converting to decibels, numerical calculations yield the relationship [1 psi-msec =
6.895 Pa-sec], given the assumption that explosive source level units are Pa-sec, and spherical
spreading is used for transmission loss. It can be derived from these values that an acoustic
transmission of 195 dB source level attenuates to below 15 psi-msec within 100 m range from
the source. Therefore, with the proposed source at approximately 850 m depth, no seabirds,
either on the surface or during a dive, would be subjected to received levels near 20 psi-msec.

Based on the above information, it is anticipated that any effects on'seabirds, either
directly or indirectly, as a result of MMRP activities or acoustic transmissions, would be
negligible.

4.3.2.5.2 Potential Cumulative Effects on Seabirds

Activities thiat could potentially be considered to interact in a cumulative sense to affect
seabird species in the region off the north Kauai coast include noise-generating activities: e.g.,
merchant shipping, commercial fishing, recreational water sports, marine and nearshore
construction and resort operations.

Noise increases from other potential future sources are speculative; there are no known
projects or trends that would have noise impacts cumulating with the proposed sound
transmissions. As discussed in this EIS, the potential for direct impacts on most marine animals
are expected to range from uncertain to negligible. No significant impacts are anticipated when
the current project is added to other cumulative changes in the environment.

Since the potential for direct impacts on seabirds is anticipated to be negligible, and given
the speculative nature of any increase in other noise sources, any cumulative impact on seabirds
is anticipated to be negligible.

4.3.2.5.3 Summary and Conclusions Concerning the Potential
Effects on Seabirds

This section summarizes the information regarding potential effects of the ATOC source
operations and MMRP activities on seabirds. Where there is no potential effect or no likely
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effect even from maximum exposures, the project is considered not to have significant impacts
on that species.

No adverse effects are anticipated for any species of seabird. Research data on a mallard
duck suggest that [seabirds] do not hear low frequency sounds well, which supports the premise
that the source transmissions should produce negligible impacts on seabirds.

Because the relevant factors are similar at each of the alternate sites, the potential for
impacts would be expected to be negligible at all of them.

4.3.2.6 Threatened, Endangered and Special Status Species

Table 3.3.7-1 lists all 15 of the threatened, endangered, or special status marine species
that could occur offshore Kauai or Johnston Atoll. All four mysticetes (blue, fin, humpback and
right whales) are addressed in Section 4.3. 1.1. The one odontocete (sperm whale is addressed in
Section 4.3.1.2. The one pinniped (Hawaiian monk seal) is addressed in Section 4.3.1.3. The
four sea turtles (leatherback, green, olive ridley, and hawksbill) are addressed in Section 4.3.2. 1.
The potential for any impact on the four seabirds (Newell's shearwater, black-footed albatross,
Laysan albatross, short-tailed albatross, and the Hawaiian dark-rumped petrel) is addressed in
Section 4.3.2.5. As concluded in those sections, potential impacts on these species ranges from
uncertain to low/moderate.

4.3.2.7 Marine Sanctuaries and Special Biological Resource Areas

There are two categories of marine sanctuaries and special biological resource areas: 1)
offshore areas, and 2) nearshore areas. The former includes the Hawaiian Islands Humpback
Whale National Marine Sanctuary (HIHWNMS).

As discussed in Section 5, the proposed project is consistent with the management plan
for the HIHWNMS.

Nearshore areas include the Kilauea Point National Wildlife Refuge on the north coast of
Kauai, and the Johnston Atoll Federal Bird Refuge.

These areas are so close to the shoreline (where project source sound fields would be
highly attenuated) that no impacts are anticipated on any species found therein due to proposed
action or MMRP activities.

Therefore, it is expected that the potential for direct, indirect, or cumulative effects on
offshore marine sanctuary resources is minimal, and for nearshore special biological resource
area resources no impacts are expected.
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4.3.2.8 Cable Route Biota

Section 3.3.9 lists the species that could be expected to inhabit the region along the cable
route in the shallow subtidal zone (area between the low tide level and 24 m depth), the shallow
nearshore zone (24-50 m depth), the coral reef (45-67 in), and the deeper shelf and slope zones.
The potential effects of low frequency sound on marine mammals, sea turtles, fish, invertebrates,
plankton, and seabirds have-been addressed in previous sections. Given the lack of benthic biota
at depths >24 m that could potentially be affected due to cable and source installation, this
subsection focuses on the subtidal and nearshore zones. Since proposed source transmissions
should have no effect on marine plant or animal life in nearshore water depths <24 m, attention
can be directed toward any possible impact the cable itself could have on biota along its route.

4.3.2.8.1 Potential Direct and Indirect Effects on Cable Route Biota

In the shallow subtidal zone, benthic biota would only be affected if the cable happened
to be laid across one or more of the plants/animals themselves. Even if this were to occur, it
would not likely have any permanent or long-range effects on this resource. Mobile animal
species in the shallow nearshore region include fish (wrasses, goatfish, damselfish, etc.), and
invertebrates, such as lobster, crab, sea stars, sea urchins, that should not be affected by the cable,
either during or after its installation. Most of these species would merely move away during
installation and return thereafter. Reef-building corals and other sessile invertebrates would be
avoided during facility installations. Once the cable is in place, the status of the benthic and
intertidal biota would be expected to rapidly return to an environmental steady-state condition.

4.3.2.8.2 Potential Cumulative Effects on Cable Route Biota

It is expected that any potential cumulative impacts on subtidal or nearshore biota due to
the installation of the cable and its subsequent use would be unlikely, given the lack of any
anticipated projects that would have impacts that could cumulate with this project, and the lack
of impacts from the proposed project itself.

4.3.2.8.3 Summary and Conclusions Concerning the Potential
Effects on Cable Route Biota

Minimal effects are anticipated on any plant or animal species expected in the shallow
subtidal or nearshore zone. Therefore, cable installation and subsequent operation should
produce negligible impacts on the biota along the cable route. There is minimal difference
between the two alternate sites proposed, because neither of them should produce any more than
negligible impacts on the nearshore or subtidal biota that may be found along the cable routes.

4.4 POTENTIAL EFFECTS ON THE ECONOMIC ENVIRONMENT

This section addresses the potential effects of the proposed action on Kauai's economic
environment. Direct effects evaluated in this section are the potential for increased economic
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activity due to the project Indirect effects refer to the potential effects on Kauai's economy
should any adverse impacts on marine mammals or other species discussed above occur.

Generally speaking, economic effects of a project are outside the scope of NEPA and
HEPA. However, economic effects can result in environmental impacts where, for example,
economic development induced by a project could result in population growth. Economic effects
can also answer the question of whether an environmental effect is important Under HEPA,
beneficial economic effects can also support a statement of overriding considerations that allow
project approval despite one or more potential impacts. Economic effects generally are not
considered important unless they would result in substantial public service and infrastructure
costs that would not be offset by project revenues, or where the project would otherwise impose
substantial costs on non-participants.

4.4.1 POTENTIAL DIRECT AND INDIRECT EFFECTS ON THE ECONOMIC
ENVIRONMENT

The Hawaiian Archipelago shelf and slope off north Kauai support an economically
valuable range of commercial fisheries utilizing a variety of retrieval methods. In 1990, a
combined total of approximately 10 million kg of fish, with an ex-vessel value exceeding $50
million was landed at the ports of Hawaii. Given the depth of the sound source, the minor extent
of the sound fields, the low duty cycle (most of the time only 2%), the five-minute ramp-up
period that would give all mobile marine animals the opportunity to depart the immediate area of
the source if the sound was annoying, and the habitat range of the major commercial,
recreational, and subsistence fish species, any potential effect on the economic environment is
expected to be negligible. See Sections 3.3.3 and 4.3.2.2.

Direct effects of the proposed project would be limited to the beneficial impact of
program expenditures on the Kauai economy. These include payrolls for labor incurred,
expenditures for supplies and equipment, and other monies spent.

Marine mammals are no longer a direct economic resource for Hawaii, and they are
almost all protected from exploitation. Commercial fishing is an important economic activity,
but it is not anticipated that the MMRP or sound transmissions would have a material adverse
impact on fish or invertebrates, as discussed above. Direct effects on the economy through
reduction of tourism could occur if changes in marine mammal abundance or behavior would
occur. Reduction in tourism, for example, could result from impairment of such tourist-related
activities as whale/dolphin/sea turtle watching and sport fishing. As discussed above, potential
impacts on certain species of whales (i.e., sperm and beaked) and leatherback sea turtles are
uncertain; however, for most other species, including sport fishes, less than significant impacts
would be expected. The possibility that whales would alter their courses slightly to avoid the
130 dB (or 120 dB) sound field could have an effect on area whale-watching enterprises. Such a
dramatic change in behavior is uncertain.
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Because of the absence of tourism at the Johnston Atoll alternate site and any selected
remote autonomous source locations, no direct or indirect economic impacts would be
anticipated from those alternatives.

Generally, the direct economic effect of the project would be minor, but beneficial,
resulting from increased economic activity due to payrolls and support expenditures.

4.4.2 POTENTIAL CUMULATIVE EFFECTS ON THE ECONOMIC
ENVIRONMENT

- Merchant shipping and other Vessel-related activities: If the abundance of whales,
odontocetes, sea turtles, the one species of pinniped, or fish were to be appreciably decreased, it
could be surmised that a proportional decrease in tourist activity could occur. This could be
related directly to the level of merchant shipping (fish catch transfers, and long-range transport
out of Hawaii). Other vessels would include such commercial activities as whale-watching tours,
which would obviously be impacted if there were fewer whales in the area. Previously presented
data and information have quantified the potential for acoustic source transmissions adding to
any cumulative effect. There should be no impact on any tourist industry economic base related
to merchant shipping or other vessel-related activities.

* Recreational water activities: The same conclusions apply to the potential for acoustic
sound transmissions changing the cumulative effect of this activity. There should be no impact
on the economy of tourism (from recreational water activities) due to the adoption of any of the
alternatives.

* Aircraft operations: The addition of acoustic sound transmissions into the environment
would cause no potential change in the cumulative effect of aircraft noise in the area. Further,
there would be no expected change in any cumulative effect due to the addition of MMRP aerial
surveys and observations. Therefore, there should be no impact on any economic base related to
aircraft operations.

* Scientific research activities: No potential change in the cumulative effect of ongoing
and planned scientific research being conducted on mysticetes, odontocetes, sea turtles, the one
pinniped species, or fish would be expected by the addition of MMRP activities related to
acoustic sound transmissions and associated aerial and vessel activities. MMRP research has
been designated as bonafide and non-duplicative in nature, and would be coordinated and
integrated with all associated marine animal research to ensure maximum cost-leveraging and
scientific synergism. Thus, the potential for any impact on the economic environment due to any
of the alternatives would be expected to be positive.

In summary, the potential impacts on the economic environment from the proposed
action would not be expected to contribute to cumulative adverse impacts.
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4.5 POTENTIAL EFFECTS ON THE SOCIAL ENVIRONMENT

Any potential effect on the social environment would be related to the human
environment, as discussed below.

4.5.1 HUMAN ENVIRONMENT

4.5.1.1 Potential Direct and Indirect Effects on the Human Environment

The following discussion addresses potential impacts to the human environment in the
following areas:

* Population dynamics: No potential direct or indirect effect on population dynamics
would be expected due to any of the alternatives being implemented.

Educational institutions: As previously stated, opportunities for direct interaction and
hands-on marine animal data display and analysis would be offered to Hawaii educational and
environmental institutions. The MMRP marine mammal biologists and research scientists could
provide access to their data for students to explore and manipulate and learn about the process of
marine science. By malcing such information available to the local teachers, students and
interested community members through education efforts, the positive impact of the
ATOC/MNvRP project is increased greatly. Thus, the potential for any direct or indirect effects
on local educational establishments would be expected to be only positive in nature. No such
interaction would be readily available at Johnston Atoll or a deep-water site.

• Recreational and leisure activities: Whale, dolphin, monk seal, and sea turtle-watching,
and sport fishing have already been covered previously. The only other human activity that
could potentially be impacted by the proposed acoustic source sound transmissions would be
recreational diving. The potential for impacts is expected to be minimal since most recreational
diving occurs in the nearshore region. The following discussion is provided:

Low frequency sound transmitted in the vicinity of humans underwater could potentially
produce one or more of the following effects, all of which will be addressed in the following
paragraphs:

1) Potential impact on hearing sensitivity; e.g., temporary threshold shift
(TTS)

2) Potential resonance of air-containing cavities; e.g., intrathoracic (thoracic
pertains to the chest cavity, encompassing the heart, lungs, some of the
respiratory passages, and the esophagus)

3) Potential impact on mechanoreceptor cell function (e.g., Pacinian
corpuscles)

4) Potential human acoustic annoyance
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Potential Impact on Hearing Sensitivity

Loud underwater noise could potentially impact a diver's hearing depending, of course,
on the noise's frequency, source level, pulse characteristics and length, and the range of the diver
from the source itself. Some experiments dealing with underwater thresholds of audibility have
been conducted, beginning with Sivian's work in 1943, continuing up to today. The results of
these experiments are so disparate that it is very difficult to establish a direct relationship
between underwater and in-air hearing for humans with a great deal of confidence. If a realistic
transformation between water and air could be determined, then in-air noise exposure limits
could easily be applied to the underwater environment. Kirkland and Pence (1989) evaluated all
known experiments as to potential weaknesses or areas of uncertainty in an effort to establish
their validity and better define the air vs. water hearing relationship in the case of humans. Some
of the key deficiencies noted have included high or unknown ambient noise levels, a lack of
monitoring of the actual in-water sound field at the diver's position, and a lack of objective
information on the quality of each subject's hearing (i.e., no in-air hearing sensitivity data). On
the basis of these key deficiencies, the results of a number of the experiments in question,
Kirkland and Pence concluded, can be set aside as being relatively unreliable, and the remaining
better experiments can be further evaluated as a group, namely the seven following reports:

• Hamilton (1957): "Underwater Hearing Thresholds"
• Smith, P. (1965): "Bone Conduction, Air Conduction, and Underwater Hearing"
0 Hollien et al. (1967): "Underwater Hearing Thresholds in Man"
* Hollien et al. (1969): "Effect of Air Bubbles in the External Auditory Meatus on

Underwater Hearing Thresholds"
a Hollien et al. (1969): "Underwater Hearing Thresholds in Man as a Function of

Water Depth"
0 Smith, P. (1969): "Underwater Hearing in Man: I. Sensitivity"
0 Hollien and Feinstein (1975): "Contribution of the External Auditory Meatus to

Auditory Sensitivity Underwater"

The agreement among the results obtained by these three investigators, although not
perfect, was generally good. Using their data, an average corrected underwater human hearing
threshold of audibility (for young listeners with normal hearing) as a function of frequency can
be derived (Figure 4.5.1.1-1). Adjustments were made to the original data to account for the
different hearing sensitivities of the subjects and, where appropriate, for the change in
audiometric standards that occurred during the 1964-1970 timeframe (ASA Z24.5-1951,
changing to ISO 389-1964 or ANSI S3.6-1969). Underwater thresholds represented by this
average curve are generally lower than those presented by most of the other investigators,
lending a measure of conservatism to the results. Given that these are the best data available,
because the low end of the frequency spectrum portrayed is just above 100 Hz, the average curve
must be extrapolated down to 75 Hz. Audiograms of other mammals (monkey, rat, cow,
elephant, dog, oppossum, bat), some birds (canary, barn owl) and a reptile (turtle) all display
linear progression (upwards) below 100 Hz, indicating direct extrapolation of the humans'
audiogram beyond 100 Hz to 75 Hz is justifiable. This technique yields a minimum audibility
level of 82 dB re 20 1iPa which, in turn, must be converted to the standard of 1 jtPa by adding 26
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dB (Table 4.5.1.1-1) to attain the required value of 108 dB re 1 gPa for minimum human audible
threshold in water for a frequency of 75 Hz.

Temporary threshold shifts have been produced in humans for frequencies between 700-
5600 Hz (human's most sensitive hearing range) with underwater sound sources at 150-180 dB
re 1 gPa (Montague and Strickland, 1961). As previously discussed, the value of 80 dB should
be added to 108 dB to arrive at 188 dB for the level at which TTS could possible occur in
humans at 75 Hz. Thus, for this to occur, the diver would have to virtually be touching the
acoustic source during the short transmission period, which is literally an impossibility because
of the 850 m source depth. Therefore, it is safe to predict that the proposed acoustic source
transmissions should have no direct or indirect environmental effects on human hearing
capability.

Potential Resonance ofA ir-Containing Cavities

High levels of underwater narrowband noise have been found to cause non-auditory
effects. Montague and Strickland (1961), Molvaer (1981) and Smith (1985) have reported
temporary threshold shifts, nausea or vertigo resulting from close (near-field) exposure to
underwater tools and tones in the range of source levels 156-216 dB re 1 •Pa. In tests
ensonifying divers with a sweep oscillator producing acoustic energy in the frequency band of
10-32 Hz, Nishi (1972) reports "little discomfort at ranges greater than 4.6 m for all frequencies
in the band (180 dB re 1 gPa). The discomfort which was experienced seemed to be greater
when the frequency of the sound emitted was at the upper end of the band."

While many authors discuss the importance of air-containing stiructures within the human
body relative to sound-induced motion underwater, the importance of hyperbaric effects have not
been generally noted. In order to derive some initial information, reinterpretation of Young et
al.'s (1985) experimental results can be carried out. Young made measurements of intrathoracic
(internal lung) pressure on ten healthy young male subjects exposed to an airblast. While such
data are typically interpreted relative to time, it is valuable to reinterpret this information for the
"at surface" condition (Figure 4.5.1.1-2). Note that the model indicates a peak response to
incident sound at just over 100 Hz, which is in agreement with other published results. This
intrathoracic pressure is about twice that of the external incident pressure at the resonant
frequency, indicating a degree of enhancement of the pressure by resonance.

The increase in resonant frequency of air-containing structures with depth has been
understood for a considerable time, probably commencing with Minnaert's (1933) study of
bubble noise. Therefore, the resonant frequency of an air-containing space of a diver is expected
to increase with depth as the square root of the absolute pressure; thus, if the thorax resonates at
100 Hz at the surface, it may be expected to resonate at 200 Hz at 30 m depth, and 250 Hz at 50
m depth. Recent experimental results, for approximately 1.5 m distance from the diver (unpub.,
1993; restricted access due to military security classification), indicated that there are two ranges
of frequency at which divers experience effects of low frequency noise. The most significant
was at a frequency of about 100 Hz at source levels of about 160 dB re 1 gPa-m: resonance of
the diver's face mask and possibly sinuses. The next most significant was at a frequency of
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To Convert Add or subtract
according to

From To sign

SPL re 1 dyne/cm2  SPL re 20 micropascals +73.98 dB

SPL re 1 microbar (pb) " +73.98

SPL re 1 micropascal (jiPa) " -26.02

SPL re 0.0002 dyne/cm2 0

SPL re 2 x 10-5 newton/m 2  " 0

air se&.water

IL re 10-16 watt/cm2  0 a +3 5 .8 3 b

IL re 10-12 watt/m2  0 a +3 5 . 8 3 b

aThe conversion value of 0 dB is only valid when the characteristic

impedance of the medium (poc) is equal to 400 newton-sec/m 3 (or
40 dyne-sec/cm3 ). The impedance poc for air will depend upon tempera-
ture and pressure. For example, at 22 0C and 0.751 m Hg poc = 407
newton-sec/M3. For these conditions, the intensity level would be
0.1 dB smaller than the sound pressure level. The exact relationship
between intensity level and SPL is IL = SPL + 10 loglO 400/poc dB,
where poc has the units newton-sec/m 3. (Example and equation from
Beranek, 1986, pg. r4'r

bThe conversion value of +35.83 dB is based upon a sea water density

(Po) of 1.026 gm/cm3 and a nominal sound speed (c) of 4900 ft/sec
(1493.5 m/sec). The sound speed in water depends upon temperature,
salinity, and pressure.

Some symbols and units:

watt: unit of electrical power, 1 watt = 1 joule/sec
10' erg/sec = 10i dyne-cm/sec = I N-m/sec.

SPL: sound pressure level.

IL: intensity level.

dyne: unit of force, 1 dyne = I gm-cm/sec 2 .

pascal: unit of pressure, 1 Pa I N/mrn 10 dyne/cm2 .
znewton: unit of force, 1 N = I kg-m/sec

microbar: unit of pressure, 1 microbar = I dyne/cm2 .

rayl: unit of impedance, 1 rayl = 1 dyne-sec/cm3 , 1 mks rayl
1 newton-sec/mr.

Table 4.5.1.1-1 Conversion of sound levels using various references to

sound levels re 20 micropascals
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Figure 4.5.1.1-2 Estimated ratio between intrathoracic pressure and incident
pressure (from Young, 1985).
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about 20 IHz at 160 dB source level, and corresponded to the classic thoracic resonance. At
higher frequencies at the same source level, no repeatable effects were observed other than a
sensation of loudness.

With this information, the question of whether there would be any possibility that the
proposed acoustic source transmissions could cause resonance of diver air-containing cavities
can be addressed. At the surface, 20 Hz and 100 Hz appear to be the critical frequencies, the
former for potential intrathoracic resonance, and 160 dB can be considered to be the level that
could potentially cause hazardous disturbance to divers. The proposed source transmissions,
which would be on a maximum of 8% of the time, would have a center frequency 55 Hz higher
than the 20 Hz level, and 25 Hz lower than the 100 Hz level. The following summarizes the
differentials between the proposed received values and the data presented:

CRITICAL PROPOSED CRITICAL MAXIMUM
FREQUENCIES FREQUENCY RECEIVED RECEIVED LEVEL

(difference in LEVEL (DIFFERENCE)
center frequency)

SURFACE 20 Hz 57.5-92.5 Hz (+55 Hz) 160 dB 135 dB
100 Hz 57.5-92.5 Hz (-25 Hz) (-25 dB)

30 rm DEPTH 40 Hz 57.5-92.5 Hz (+35 Hz) 160 dB 136.6 dB
200 Hz 57.5-92.5 Hz (-125 Hz) (-23.4 dB)

50 m DEPTH 50 Hz 57.5-92.5 Hz (+25 Hz) 160 dB 137 dB
250 Hz 57.5-92.5 Hz (-175 Hz) (-23 dB)

Given the above evidence, plus the fact that ATOC source energy is spread across a 35
Hz bandwidth, not concentrated in a narrowband tone as the stated experimental data were, it is
safe to conclude that the potential for the proposed source causing resonance of any diver air-
containing cavities would be negligible.

Potential Impact on Mechanoreceptor Cell Function

Mechanoreceptors (skin nerve fibers) can be classified as displacement, velocity, or
acceleration detectors. They can be fatiguing or non-fatiguing. That is, they can become
saturated and fail to respond to an above-threshold stimulus, or they can always respond to an
above-threshold stimulus. There are only two acceleration mechanoreceptors in the human body,
and only one of them is non-fatiguing--the Pacinian corpuscle. These then appear to be the
receptors that would logically be associated with a vibration-produced response throughout the
body when exposed to waterborne low frequency sinusoidal excitation.

The Pacinian corpuscle receptors are free floating and deeply buried in the skin, designed
to respond to vibrations, while not responding to either steady pressure or constant velocity.
They are distributed throughout the body in such a manner as to appear to serve a tactile and
vibration sensing function. Their neural interconnections to the central nervous system are such
that they override displacement sensors while lowering the threshold on acceleration sensors.
Pacinian corpuscles are tuned to frequencies of 150-300 Hz, but respond to frequencies in the
range of 60-900 Hz (Woolley and Ellison, 1993). They have an "all or none" nerve impulse, and
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respond to vibrations whose peak displacements are as small as 1 gim. The response of a
Pacinian corpuscle to two or more non-co-located pressures is to sum them.

The frequency response curves of Pacinian corpuscles in some mammals (e.g., cats) are
known to scale according to resonances in extremities (Woolley and Ellison, 1993). This lends
strength to the argument that they are meant to respond to possibly harmful and, certainly,
meaningful vibrations. The waterborne path of excitation of the Pacinian corpuscles of a diver
may be considered an unusual one from the physiological viewpoint. The good fluid coupling
will simultaneously allow excitation of Pacinian corpuscles throughout the body. Their
neurological response of lowering the threshold of the acceleration receptors and sustaining the
lower threshold could potentially contribute to additional sensations felt by a diver exposed to
low frequency transmissions. It is fairly certain that the Pacinian corpuscles themselves are not
being damaged, nor are they sensing damage. The noci receptors are the damage sensors and
they are not at all excited by the sound levels being considered here.

If tactile and/or vibratory sensations felt by a diver were due to Pacinian corpuscle
excitation, it seems logical that a very conservative criterion for in-water acoustic received level
would be the Pacinian corpuscle threshold itself. Thus, if the Pacinian corpuscle could not
"detect" the acoustic excitation, it can be considered to be at a safe level. In Figure 4.5.1.1-3 the
threshold of the Pacinian corpuscle is plotted for humans. This is the minimum received level
(right ordinate axis) necessary to just cause the Pacinian corpuscle to respond with a nerve
impulse. The threshold is indicated by a line for each of the ages of the human in question (10,
20, 35, 50, 65 years of age). Note that at 75 Hz, for a 20 year-old, the threshold is approximately
165 dB. For a diver to be exposed to this received level from the proposed ATOC source
transmissions, he/she would have to be within 30 m of the source at depth greater than 820 m.
Therefore, it can be concluded that the potential for the proposed source causing any direct or
indirect impact on humans' mechanoreceptor cell function would be virtually zero.

Potential Human Acoustic Annoyance

Most human diving activity off the north Kauai coast takes place within 2 km of the
shoreline. As previously stated the minimum audible human threshold in water at 75 Hz is
estimated to be about 108 dB. Based on the best FEPE acoustic performance prediction
computer modeling available, the possibility of ATOC sound signals incurring the level of
transmission loss that would allow a received level of 108 dB to reach to within 2 km of the
shore is uncertain. The interference caused by the intense bottom and surface interaction of the
sound rays as they travel from the ATOC source upslope into the shallow water nearshore
regions will tend to cause cancellation and degradation of the sound field.

The possibility of a diver being exposed to a received level loud enough to hear it is
moderate. Add to this the fact that the source would be operating only 2%-8% of the time
(mostly 2%), and the potential for any human acoustic annoyance is anticipated to be low. Local
diving organizations, and the local chapters of the Professional Association of Dive Instructors
(PADI) and the National Association of Underwater Instructors (NAUI) would be contacted to
help assess whether any divers hear, or are acutely or chronically annoyed, by ATOC emissions.
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Figure 4.5.1.1-3 Threshold dependence of Pacinian corpuscles
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If it is verified that substantial annoyance occurs that is directly relatable to ATOC source
transmissions, operations would be temporarily suspended pending discussions with NMFS,
MMRP AB, MMC, and the Kauai CAG.

4.5.1.2 Potential Cumulative Effects on the Human Environment

The following refers to only those alternatives that would affect the human environment
in the Kauai, Johnston Atoll, Adak, or deep water moored autonomous source areas.

* Population dynamics: Because there would be no potential direct or indirect effects
expected, no potential cumulative effect on population dynamics would be expected due to any
of the alternatives being implemented.

* Educational institutions: Based on the proposed action's plans, the potential for any
cumulative effect on educational (and environmental) establishments would be expected to be
only positive in nature.

-Recreation and leisure activities: The potential cumulative effects of the alternatives on
mysticete, odontocete, pinniped, or sea turtle watching, and sport fishing have been addressed
previously. The section above concluded that the potential direct and indirect effects on human
diving activities would be virtually zero. Therefore, it should be considered that any potential for
any alternative altering the cumulative effects on human divers in the future would also be
negligible.

4.6 OTHER POTENTIAL IMPACTS

Although potential habitat and biological resources impacts are the principal area of
concern and the focus of this EIS, a number of other potential impacts are presented by the
proposed project and its alternatives. These include vessel and aircraft traffic (MMRP activities),
construction impacts (laying cable, installing the source, etc.), consistency with land use plans
and policies (discussed below in Section 5), cultural and historical resource impacts (potential
presence of shipwrecks, etc., at the facility site), visual impacts, employment, population and
public services (researchers and others doing work on Kauai), air pollution (from vessel and
aircraft activities), energy impacts (discussed in Section 6.3), hazardous materials and wastes
(battery usage on moored autonomous sources), and cumulative impacts of the proposed action.

These additional impacts are each discussed briefly below. Where applicable, the
impacts presented by alternatives will also be addressed. Except where otherwise noted,
additional impacts from the no action alternative are assumed to be nonexistent. Any additional
mitigation measures are identified.

4.6.1 POTENTIAL INCREASES IN VESSEL AND AIRCRAFT TRAFFIC

A project will generally be considered to have major transportation impacts if it will add
measurably to existing traffic levels, or add to traffic levels that currently exceed system
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capacities. Currently, small vessels and aircraft operate in the vicinity of the proposed action
site, but those traffic levels are well below the carrying capacity of local waterways and airways.

During the MMRP, minor increases would occur in vessel and aircraft traffic off the
north Kauai coast (maximum total 30 days of flight operations and 90 days of vessel operations).
Since the source would be powered from shore, it would not require maintenance that would
result in increased vessel trips. All ATOC and MMRP vessel and aircraft trips are well within
the capacity of the local waterways and airways, and do not constitute a significant impact

The moored autonomous source alternative (Alternative 4) would result in greater levels
of vessel traffic than the preferred alternative, since supply and maintenance trips would need to
be made from some distance; however, that traffic would mostly occur at locations some distance
from inhabited areas; i.e., on the high seas. Since the logistics of aerial MMRP observations
would likely prove prohibitively difficult for the moored autonomous source alternative, that
alternative could result in lower aircraft traffic than the preferred alternative, but that reduction
would come at the expense of the MMRP.

Mitigation Measure 12-1: Vessel and aircraft traffic would be kept to a minimum,
consistent with the requirements of the MMRP protocols and ATOC program
requirements. Where possible, trips would be consolidated or other measures taken to
reduce the aircraft and vessel traffic levels resulting from the project.

4.6.2 POTENTIAL DIRECT CONSTRUCTION AND MAINTENANCE IMPACTS

The ATOC source was constructed in Seattle, Washington and would be transported to
the source site. Other than minor vessel traffic and resulting air pollution, installation and
maintenance of the source are not anticipated to result in any environmental impacts. No
alteration to the seabed will occur.

As described in Section 1, as part of the proposed project, a number of existing subsea
listening facilities in various eastern and North Pacific Ocean locations would be modified and,
where necessary, refurbished to be used as receiver sites. None of the work on these existing
stations should have any environmental impacts, since no new facilities will be constructed, and
all of the improvements are to or within existing structures, rights of way, or equipment.

The proposed project would also install up to two autonomous VLA passive listening
arrays at other Pacific locations. They are powered by battery packs, but have relatively small
power requirements (as compared to Alternative 4, Moored Autonomous Sources), such that the
risk from leakage of battery fluids should be very minor.

Construction and operation of moored autonomous sources would likely have somewhat
greater construction and maintenance impacts, due to the longer travel distances from the staging
location that would be required.
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4.6.3 CULTURAL AND HISTORICAL RESOURCES

Federal law, 36 C.F.R., Part 800, provides that environmental analyses need only
consider impacts on primary cultural resources, defined for purposes of this EIS as resources
listed on the National Register of Historic Places, eligible for listing in the National Register, or
designated as a National Historic Landmark. A project will generally be considered to have an
impact on cultural and historical resources if it would disrupt or adversely affect a prehistoric or
archaeological site, a property of historic or cultural significance to a community or ethnic or
social group, a paleontological site, or a local landmark of local cultural/historical importance.

A serious adverse impact would occur where there is a "substantial adverse change" such
as demolition, destruction, relocation, or alteration activities that would impair the significance
of the historic resource.

As described in Section 3.4.6, a literature and archival review was performed for the
proposed project area off the north shore of Kauai and off Johnston Atoll. No impacts to
prehistoric or cultural resources are anticipated.

Some shipwrecks are recorded in the general vicinity of the north Kauai offshore area and
in the vicinity of Johnston Atoll (see Section 3.4.6). The precise locations of most of these are
unknown. However, the immediate area of the Kauai source site has been thoroughly studied
and no shipwrecks are located within at least 10 km radius. Baseline analysis of the Johnston
Atoll site alternative also reveals no known shipwrecks within at least a 10 km radius.

4.6.4 POTENTIAL VISUAL IMPACTS

Visual impacts are generally considered serious if they violate applicable guidelines
relating to visual quality, critically alter the existing natural views including changes in natural
terrain, or if they seriously change the existing visual quality of the region or eliminate visual
resources.

Since all Kauai onshore facilities will be either underground or in existing buildings, no
visual impacts will result. Furthermore, the source power cable is tied into an existing Navy
cable, such that there is no additional visual impact. For the Johnston Atoll alternative, the only
potential visual impact would be related to the section of the cable, enclosed by pipe, from the
surf line to the landfall, which would be considered to be minimal, given the minor scope of the
facilities and the existing setting.

4.6.5 EMPLOYMENT, POPULATION, AND PUBLIC SERVICES

A project generally will be considered to have a major impact on population, employment
and housing if it will induce substantial growth or concentration of population, displace a large
number of people, or conflict with the housing and population projects and policies set forth in
applicable land use plans. The MMRP research team consists of no more than 20 personnel at
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any time, most of which are either affiliated with, or stage their research efforts from the
University of Hawaii. In comparison to the overall level of employment opportunities in Hawaii
and Johnston Atoll, and current population levels, this additional employment and population is
minor. In addition, no measurable effects on public services, such as police, fire protection,
schools, and housing, are anticipated to result from the proposed project.

4.6.6 POTENTIAL AIR POLLUTION

A project will be considered to have a serious impact on air quality if it will cause or
contribute substantially to existing or projected air quality violations, or result in the exposure of
a sensitive population to substantial pollution concentrations. Generally, air quality in the
vicinity of the proposed project is good to excellent. All vessel and aircraft traffic associated
with the project will generate some air pollution, but at levels well below those that would cause
or contribute to air quality violations. In the worst-case scenario, two vessels and two aircraft
would be conducting research operations simultaneously, but their combined emissions would
not exceed 150 lb/day of ROG or NOX.

All other alternatives, except the no project alternative, would have similar air pollution
impacts when compared to the preferred alternative. Locating the source site at Johnston Atoll
would also involve use of vessels to support activities at this location, with comparable air
pollution impacts. The use of moored autonomous sources, which would require servicing by
vessels at more remote locations, would increase air pollution impacts. Since this air pollution
would occur at locations where current air quality conditions are good to excellent, no adverse
effects would be expected to result from either alternative.

Mitigation Measure 13-1: All ATOC/MMRP vessels and aircraft would be equipped with
required air pollution controls.

4.6.7 POTENTIAL HAZARDOUS MATERIALS AND WASTES

The proposed source and cable installation involves no use of hazardous materials and
will not produce any hazardous wastes. The MMRP will not use hazardous materials or generate
any hazardous wastes.

Moored autonomous sources would need to be powered by batteries which, if they were
to leak or if recovery of the sources could not occur at the end of their useful lives, could add
minor amounts of hazardous materials to the marine environment. However, any toxic discharge
should be neutralized quickly in seawater.

4.6.8 POTENTIAL CUMULATIVE IMPACTS OF THE KAUAI AND PIONEER
SEAMOUNT PROJECTS

No direct physical cumulative impacts of the proposed Pioneer Seamount and Kauai
ATOC sources would occur. Those facilities are independent and separated by a distance greater
than 3700 km. The sound sources at Kauai and Pioneer Seamount are not planned to be operated
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concurrently, but the minimum range at which a marine animal might be exposed to both source
transmissions sequentially would be 1850 km from either source. At that range, the received
sound levels should be on the order of 85 dB in the deep sound channel, and 88 dB at 100 m
depth (based on FEPE transmission loss calculations and estimated attenuation values due to
absorption and thermal discontinuities [e.g., ocean fronts and eddies] from the 1991 HIFT and
the 1994 AET), which are within the range of ambient noise conditions an animal would
normally be subjected to in the open ocean. It should be noted that ambient noise conditions in
the deep sound channel (800-1000 m depth in the study area) are approximately 2-3 dB lower
than near the surface (Morris, 1978).

Only migrating species would have any potential for direct cumulative impacts as a result
of the two sources. The only species that might migrate between these two sites is the humpback
whale. This could possibly occur with animals that summer offshore California and winter in
Hawaii. However, it is generally believed that one or more groups of humpbacks move directly
between the Hawaiian Islands and the Aleutian Islands/Gulf of Alaska; and one or more groups
move between Mexico and the Gulf of Alaska (via California waters) (Winn and Winn, unpub.).
Thus, the potential for cumulative effects on the same population would be expected to be
negligible.

In the event that similar impacts to different populations of the same species at both
locations were to occur, this could be considered a cumulative impact to the species as a whole.
The MMRP is intended to determine whether potential impacts to habitats or biological resources
may occur. Any cumulative impacts to separate populations of species at the two sites would be
mitigated through measures at the respective sites.
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5 CONSISTENCY WITH FEDERAL, STATE AND LOCAL REQUIREMENTS,
PLANS AND POLICIES

This section addresses the federal, state and local permitting and other regulatory
requirements that do, or may, apply to the Kauai project. This section also analyzes the MMRP
in relation to applicable plans and policies, including the Hawaii Coastal Zone Management
Program, the Ocean Resources Management Plan, and the Humpback Whale Recovery Plan.

All project facilities and activities will comply with all applicable federal laws and
regulations and with applicable regional, state, and local land use plans, policies, laws and
regulations. Scripps is the applicant for governmental approvals and is the coordinator of the
overall program. Cooperating institutions include, among others, the Cornell University
Bioacoustic Research Program and the University of Hawaii.

The regulatory programs applicable to the project are summarized below.

REGULATORY PROGRAM AGENCY RESPONSIBLE TIMETABLE AND
STATUS

MMPA/ESA Scientific Research NMFS Submitted on 12/23/94, Pending
Permit

ESA Section 7 Consultation NMFS Consultation requested 6/17/94.
Pending, processing concurrent
with EIS

Rivers and Harbors Act Section 10 U.S. Army Corps of Engineers Nationwide permit notification on
8/29/94

Hawaii Coastal Zone Management Hawaii Office of State Planning Consistency Certification submitted
Program, federal consistency 1/25/95; pending
review, 16 U.S.C. § 1456(c)(3)

Conservation District Use Permit Hawaii Department of Land and Application accepted 10/3/94,
Natural Resources Pending

This section first considers federal regulatory requirements, including the Scientific
Research Permit (SRP) under the MMPA and ESA, consultation under Section 7 of the ESA, and
authorization under the Rivers and Harbors Act nationwide permit program. This section next
considers State of Hawaii regulatory programs, including conservation district use regulation and
federal consistency review by the state under the federal Coastal Zone Management Act, as well
as other resource management programs including regulation of water quality and noise pollution
by the state Department of Health (DOFI). This section then reviews the project's relationship to
applicable plans, policies, and potential future programs.
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5.1 FEDERAL REGULATORY PROGRAMS

This subsection describes the federal regulatory programs that apply to the Kauai MMRP,
including the scientific research permit process administered by NMFS, Section 7 consultation
under the Endangered Species Act, and Section 10 of the Rivers and Harbors Act.

5.1.1 MARINE MAMMAL PROTECTION ACT AND ENDANGERED SPECIES
ACT: SCIENTIFIC RESEARCH PERMIT

A principal use of this EIS will be to support consideration of an SRP under the MMPA
and ESA. Key requirements for an SRP are listed here:

* The proposed taking is for purposes of scientific research.

The proposed taking has been reviewed by the Marine Mammal Commission and
the Committee of Scientific Advisors on Marine Mammals.

* The proposed taking is required to further a bonafide scientific purpose.

Other requirements for issuance of SRPs are set forth in regulations adopted by NMFS
under the MMPA and ESA. Scripps's application for an SRP for the Kauai MMRP is pending.

5.1.2 ENDANGERED SPECIES ACT SECTION 7 CONSULTATION

Consultation under Section 7 of the ESA is required for this project. Section-7
consultation is the process by which federal agencies coordinate with NMFS (or, for many
species, the U.S. Fish and Wildlife Service) to ensure that no jeopardy to endangered species or
adverse modification to habitat will result from federally initiated, funded, or permitted activities.
By letter dated June 17, 1994, ARPA requested consultation in accordance with Section 7.

The responsibility for Section 7 consultation rests with NMFS for certain species that are
under its ESA jurisdiction. Endangered species potentially affected by the Kauai MMRP and
acoustic thermometry project are limited to species regulated by NMFS.

The consultation process centers around a biological assessment. As permitted by the
Section 7 regulations, this EIS contains the analysis and information necessary to support Section
7 consultation, and is intended to serve as the biological assessment for that consultation.

NMFS will issue its findings regarding the Section 7 consultation based on the
information presented in this EIS.
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5.1.3 RIVERS AND HARBORS ACT SECTION 10

The Kauai installation would include a sound source located offshore 14.7 km north of
Haena Point on the north shore of Kauai and a subsea power transmission cable which connects
to an existing cable approximately 1.3 kmn offshore Barking Sands, and follows a 51.5 km course
around the northwest side of the island to the source site.

The U.S. Army Corps of Engineers has been consulted concerning permitting
requirements. Some or all of these facilities require authorization under Section 10 of the Rivers
and Harbors Act because they are considered by the COE to be structures and involve work in
navigable waters of the U.S. Notification of use of Section 10 nationwide permits #5 and #6 was
given on August 29, 1994. The COE confirmed that the permit program of Section 404 of the
Clean Water Act does not apply to this project. Section 404 only applies within the three-mile
sea and the only project components within that area are portions of the cable. Because no
trenching or alteration of the seabed is involved in laying of the cable, and the cable itself is not
considered by the COE to constitute fill, no Section 404 permit is required.

5.1.4 COASTAL ZONE MANAGEMENT ACT SECTION 307 COORDINATION
AND COOPERATION

The Federal Coastal Zone Management Act (CZMA, 16 U.S.C. Section 1451 et seq.)
establishes a voluntary program for states to develop coastal managementprograms. Once such
a program is federally approved, all federal actions affecting the coastal zone must be consistent
with the enforceable policies of a state coastal management program. Direct federal actions must
be consistent to the maximum extent practicable. Activities requiring federal licenses or permits,
or federal assistance to state or local governments must be fully consistent. This federal
consistency requirement applies to federal actions affecting the coastal zone, regardless of
whether they will occur within or outside of the coastal zone. It also ensures that federal
agencies and federal permit applicants coordinate and cooperate with state coastal management
agencies. Following the agency's consistency determination or applicant's consistency
certification, the state coastal management agency then reviews the activity for consistency with
the state coastal management program.

5.2 REVIEW BY THE STATE OF HAWAII

This section considers state regulatory programs that apply to the proposed project
facilities and activities in and around the state. These programs are the federal consistency
review conducted by the Office of State Planning under the federal Coastal Zone Management
Act and State coastal zone management authorities, and the Conservation District Use Permit
program administered by the Department of Land and Natural Resources. The water quality
certification program, carried out by the Department of Health, and water quality authorities, are
also considered.
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Beginning in May of 1994, Scripps representatives met and conferred with
representatives from a number of state agencies, including DLNR, OEQC, OSP, and DOH,
concerning regulatory requirements applicable to the MMRP and acoustic thermometry project
Discussions were also held with State Historic Preservation and Aquatic Resources Divisions of
DLNRL Additional consultation with these agencies has continued. On the basis of these
discussions, an application for a Conservation District Use Permit was submitted to DLNR on
August 3, 1994, which was accepted for formal consideration on October 3, 1994. This and
other relevant regulatory authorities are discussed below.

5.2.1 COASTAL ZONE MANAGEMENT PROGRAM: FEDERAL CONSISTENCY
REVIEW

Hawaii's coastal zone management program (CZMP) has been approved-under the
Federal Coastal Zone Management Act of 1972. The state thus has authority under the Act to
review federal activities and federally approved and funded activities which affect the state's
coastal zone for consistency with the Hawaii CZMP. The program includes applications for
permits under the Marine Mammal Protection Act and Section 10 of the Rivers and Harbors Act
among those subject to consistency review.

Hawaii's CZMP is administered by the Office of State Planning (OSP). The state's
CZMP contains seven resource categories, each including a set of objectives and policies, and
each drawing upon a network of laws administered by other agencies. Further discussion of
CZMP network agencies and authorities appears at Section 5.2.2. The OSP consistency review
process provides an opportunity for review and input by those agencies, with the state
consistency decision being rendered by the OSP.

Scripps has prepared and submitted to OSP a certification of the project's consistency
with the Hawaii CZMP. The certification was submitted to OSP on January 25, 1995, and the
six-month review period is underway. The certification is supported primarily by this EIS and
supplementary information submitted to OSP.

Recreational Resources

Objective: Provide coastal recreational opportunities accessible to the public.

Relevant policies implementing this objective focus on coordination of coastal recreation
planning and management, and providing coastal recreational opportunities by protecting coastal
resources important to recreation, including shoreline parks, water quality, and use of waters
suitable for recreation. As discussed below, the project is consistent with these provisions.

At least three whale-watching boats operate off Kauai where some humpback whales
wintering in Hawaiian waters may be seen close to shore between November and April. As
discussed in Section 4.4, the proposed project is not expected to have any negative impacts on
recreational viewing or photographing of humpback whales, provided the scientific assumptions
declared in this EIS are correct. However, some uncertainty exists concerning potential effects
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on certain species, including sperm and beaked whales. If whales were to alter their courses to
avoid the sound field-an effect considered uncertain-whale-watching activities in the area could
be affected. See Section 4.4.1.

During the MMR, humpback whales would be closely monitored for any potential effect
of the sound transmissions on their movements and behavior. Monitoring activities would
include visual surveys from shore and by air and boat, and underwater acoustic monitoring of
transmitted sound fields and whale vocal patterns.

None of these activities are expected to have a negative impact on the whales, to the
extent that they would alter their normal use of the Kauai waters, provided the scientific
assumptions declared in this EIS are correct. If any acute or short-term effect (Appendix C) is
observed that is attributable to source transmissions, the transmissions would be terminated
pursuant to the research protocols attached as Appendix C. Thus, no negative impacts on
recreational whale-watching are expected to occur.

The proposed project is not expected to have any negative impacts on recreational divers.
The sound transmissions would be in a low frequency range similar to a low rumble. As is
detailed in Section 4.5. 1, for the sound transmissions to be loud enough to potentially cause any
negative physical impacts on human hearing a diver would have to be within touching distance
of the sound source. Since the source is located on the ocean bottom at approximately 850 m,
this is essentially impossible. By extrapolation of available human underwater hearing threshold
data (Hamilton, 1957; Smith, 1965; Hollien et al., 1967) down to 75 Hz, the minimum audibility
level of 108 dB is derived - a level that would seldom be exceeded at local diving locations,
which are mainly close to shore. Therefore, it fs expected that few, if any, divers would hear the
source transmissions. Hollien (1993) suggests that the dynamic range of human hearing
underwater may be lower than that assumed in this EIS, which is based primarily on in-air
hearing. If a lower value is appropriate, then the underwater received level that could cause TTS
could be less than the assumed 188 dB. Conversely, if the dynamic range is higher, the
underwater level that could cause TTS would be higher than the assumed 188 dB.

Acoustic sources and receivers, associated cables, and the transmission of underwater
signals would all occur approximately 14.7 km off the north coast of Kauai and along the
offshore cable route, and would not be near or interfere with any State or County park, dedicated
public right-of-way, perennial stream, sandy beach, or swimming or surfing area, and would not
affect the shoreline.

Information obtained from the research program on marine mammal reactions to subsea
noise has the potential to inform management decisions needed to implement measures to protect
coastal parks and beaches. The proposed research would be expected to contribute to
understanding of ocean climate changes, which may assist in shoreline management decisions
designed to protect recreational beaches. The loss of island beaches due to erosion was
documented in a 1992 study prepared for the Hawaii Coastal Zone Management Program, Beach
Management Plan with Beach Management Districts (Hwang and Fletcher, 1992). Sea level rise,
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which may be linked to ocean climate change, was identified as a possible cause. See discussion
under "Coastal Hazards," below.

Historic Resources

Objective: Protect, preserve, and where desirable, restore, those natural and man-made
historic and pre-historic resources in the CZM area that are important in Hawaiian and
American history and culture.

The proposed project would have no foreseeable impact on historic or pre-historic
cultural resources.

The sound source would be contained in a 3.5 m-high galvanized steel tripod frame
which would sit on the ocean floor at a depth of 850 m, 14.7 km north of Haena Point. The
power cable is on the ocean floor in deep water along the northwestern side of the island from a
seafloor connection offshore from Barking Sands to the source site. The placement of the source
and cable does not require any excavation or modification of the sea bottom.

The proposed project site is not located within a historic/cultural district, nor is it listed
on or nominated to the Hawaii or National Register of historic places. The proposed project will
not be within or near a Hawaiian fishpond or historic settlement area.

Although shipwrecks are thought to be present along the northern Kauai shore, a side-
scan sonar survey for the location of the cable and sound source did not reveal the presence of
any shipwrecks or other historic or archeological resources on the ocean floor. See also
discussions at Sections 4.6.3 and 5.2.2.2. The State Historic Preservation Division has stated that
due to the location of the project, it is expected to have no effect on significant historic sites
(Appendix D).

Scenic and Open Space Resources

Objective: Protect, preserve, and where desirable, restore or improve the quality of
coastal scenic and open space resources.

The proposed project would not alter any visual or scenic resources or public views along
the shoreline.

The project consists of the placement of cables and a sound source on the ocean floor,
after which none of the equipment would be visible above water. No construction would occur
onshore or in or on waters seaward of the shoreline. Accordingly, no component of proposed
action would abut a scenic landmark or would be adjacent to an undeveloped parcel nor would it
be visible between the nearest coastal roadway and the shoreline.

The MMRP would involve a slight temporary increase in boat and airplane traffic which
would be visually indistinguishable from the current uses of the project area.
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Coastal Ecosystems

Objective: Protect valuable coastal ecosystems from disruption and minimize adverse
impacts on all coastal ecosystems.

This CZMP objective and the relevant implementing policies call for preserving coastal
ecosystems, promoting water quality planning and management, and improving the technical
basis for natural resource management. [The coastal (or neritic) zone is scientifically defined as
the pelagic environment above the continental shelf; it is legally defined by HEPA as that region
seaward to the limit of the State's jurisdiction.]

As discussed in Section 4.3, the proposed project is not anticipated to result in reasonably
foreseeable adverse effects on biological resources. Accordingly, the proposed project is not
expected to adversely affect coastal ecosystems. Section 4.3 notes that information is scarce
concerning the degree to which subsea sounds in the low frequency range could potentially affect
marine animals. The MMRP is designed to help close this gap in information and to provide for
termination of the transmissions if acute or short-term effects (Table C-1) are detected.

As more fully described in Section 3.3.7, the proposed project would be located generally
within the broad range of the following federally-listed endangered species: humpback whale
(Megaptera novaengliae), sperm whale (Physeter macrocephalus), Hawaiian monk seal
(Monachus schauinslandi), hawksbill sea turtle (Eretmochelys imbricata), leatherback sea turtle
(Dermochelys coriacea), and olive ridley sea turtle (Lepidochelys olivacea); and the following
threatened species: loggerhead sea turtle (Caretta caretta) and Hawaiian green sea turtle
(Chelonia mydas); and the following Hawaii-listed threatenedor endangered species: right whale
(Eubalaena glacialis), blue whale (Balaenoptera musculus), fin whale (B. physalus), and the
green sea turtle (Chelonia mydas). The physical components of the project -- source, receivers,
cables - would not cause any impact to the habitat of these species. The sound transmissions
could potentially affect those species which would be within the source sound fields and are
capable of hearing low frequency sounds below 90 Hz. The potential impacts of the sound
transmissions on the marine animal species in the area, including threatened and endangered
species, are discussed in Section 4.3.

The proposed project would not degrade coastal waters. It does not involve any
earthwork or dredge or fill activities. It would not be located within the Shoreline Setback Area,
Marine Life Conservation District, or Natural Area Reserve, nor are there any intermittent or
perennial streams or estuaries located on or near the project site. Of the marine bottom
ecosystems identified in the state's water quality standards, only soft bottom communities occur
along the cable route, and the relevant standards are satisfied by the project. See Section 5.2.3.

The proposed project would not include the construction of any special waste treatment
facilities nor require effluent discharge into water. None of the components of the project would
require the use or discharge of any hazardous or nonhazardous material.
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The proposed MMRP would provide needed scientific data on the coastal marine
ecosystem, and the acoustic thermometry studies would provide data on ocean climate, which
affects coastal ecosystems. These data would be available to resource management agencies, as
well as educational and scientific institutions and the public. The information obtained by this
project has the potential to improve the technical basis for resource management decisions.

Economic Uses

Objective: Provide public or private facilities and improvements important to the State's
economy in suitable locations.

This CZMP objective and its implementing policies focus on concentration of coastal-
dependent development in areas designated for such use when feasible or, when not feasible and
when the development is important to the state's economy, allowing location in other areas,
provided that adverse environmental effects are minimized.

The proposed ATOC and MMRP facilities and activities are coastal-dependent and
require an in-ocean location. By connecting to an existing seabed power cable, the project would
avoid the need to place another shore-to-sea cable installation. The proposed location of the
sound source and associated cable north of Kauai is dictated by depth requirements, the need for
clear acoustic paths, suitable marine animal study populations, and other factors discussed in
Section 2.2.3.1. These siting needs make it infeasible to locate the project in an area where other
coastal-dependent activities are concentrated. however, the project would be located on
submerged lands designated Conservation District, Resource subzone, and the proposed uses are
consistent with uses allowed in those areas. See Section 5.2.2.

To the extent that the CZMP calls for examination of the development's importance to the
state economy and the minimization of adverse effects on the environment, the following
considerations are relevant.

The direct economic effect of the project would occur primarily through employment of
Hawaiian personnel and purchases of supplies and services during the course of the project.
From 10 to 20 scientists, most from the Hawaii marine science community, would be involved in
visual and aerial observations as part of the MMRP. Local marine support and maintenance
services and other research resources would be utilized by the project. A Hawaii-based vessel
would be chartered for trans-Pacific cruises to correlate acoustic data with spot measurements
along actual acoustic paths. Local vessels have already been utilized to conduct a sonar survey to
identify suitable locations for the cable and sound source. During 1993 the MNV NATNA was
chartered from Uaukewai Diving Salvage and Fishing, Inc., and the research vessel KILA was
chartered from the University of Hawaii for this purpose.

The project's longer-term economic importance to the state lies in its furtherance of the
states policy of fostering research and education based upon Hawaii's natural ocean laboratory.
See Section 5.3.1. The acoustic thermometry and marine animal research could attract other
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ocean research and education activities to Hawaii. Any such effect is uncertain and cannot be
quantified at this time.

As discussed elsewhere in this EIS, the project is expected to have no significant adverse
impacts on the environment There is some potential for effects on the biological environment.
See Section 4.3. Through implementation of the MMRP, including 23 mitigation measures, and
the research protocol, the risk of such impacts has been minimized, consistent with this CZMP
policy. See Section 2.2.1 and Appendix C.

Coastal Hazards

Objective: Reduce hazard to life and property from tsunami, storm waves, stream
flooding, erosion, and subsidence.

This objective and the implementing relevant policies focus on reducing coastal hazards
by developing and communicating information on ocean climate-related factors, including flood,
erosion, and subsidence hazards, ;which jeopardize development along Hawaii's coasts. Other
policies concern avoidance of locating development in hazardous areas.

If warming of the earth's climate is underway, rising sea level can be expected, resulting
in flooding and erosion in coastal areas. However, the question of whether global warming is
underway is complex and controversial. See Section 1.1.1. Computer models of global warming
have had to rely on assumptions, rather than actual measurement, of ocean temperatures on a
basin scale. The models and their projections have thus been subject to criticism and have not
provided a compelling basis for formulation of policy for dealing with global climate change
issues.

Acoustic thermometry of ocean basins would provide the precise temperature
measurements needed for effective computer modeling of global climate change. The Kauai
project would test the operational feasibility of this concept. The project would thus be
consistent with the CZMP policy concerning development of information on ocean climate-
related hazards. Given the nature of project facilities and their location entirely offshore in deep
water (850 m), siting of the project would present no conflict with policies concerning location of
development away from areas prone to coastal hazards.

Managing Development

Objective: Improve the development review process, communication, and public
participation in the management of coastal resources and hazards.

This objective and its implementing policies focus on the development review process,
seeking to utilize law in managing coastal zone development, to facilitate timely processing, and
to understandably communicate development impacts to the public.
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The consistency review process is being carried out concurrently with other
environmental review processes applicable to the project. These are the SRP application review
by NMFS under the MMPA and ESA, ESA Section 7 consultation by NMFS, Rivers and
Harbors Act Section 10 nationwide permit review by the U.S. Army Corps of Engineers, and
Conservation District Use Permit review by the Hawaii Department of Land and Natural
Resources (DLNR). The key environmental information and analysis for these processes is
contained in this EIS, and the EIS also serves as the principal basis for the federal consistency
certification. Accordingly, the requirements of the other relevant environmental laws are
integrated into the analysis under the state and federal coastal zone management authorities.

Since shortly after receipt of an OSP request for a federal consistency certification, on
May 10, 1994, Scripps has been in frequent contact with the Hawaii CZMP office to work out
the details of a timely review process. Two meetings with CZMP staff were held in Honolulu in
the spring and summer of 1994, followed by several telephone contacts. The consistency
certification was submitted shortly after publication of the DEIS, which provided the basic
information needed for CZMP review.

Other aspects of the regulatory review process began in the early stages of project
planning. Scripps first submitted the application for an SRP to NMFS in October, 1993. After
publication of notice in the Federal Register, public hearings on the application were held at
NMFS, Silver Spring, MD (March 22, 1994), Honolulu (April 14, 1994), and Lihue, Kauai
(April 15, 1994).

Notice of Intent to prepare an EIS was published in the Federal Register on April 15,
1994. After Scripps' submission of a permit application to DLNR, an EIS Preparation Notice
was published in the Hawaii OEQC Bulletin of October 12, 1994. Comments from the public
received by mail and at the hearings were reviewed and addressed in the DEIS. NMFS and
ARPA conducted public hearings on the DEIS in Lihue (February 9, 1995) and Honolulu
(February 10, 1995). Comments received at those hearings and through mail have been
addressed and incorporated into this FEIS to facilitate decisions on Scripps' applications to
NMFS and DLNR, and ARPA's decision on the project.

Through these means, Scripps has sought to provide timely and understandable
information to the public about possible project impacts, consistent with these provisions of the
CZMP.

5.2.2 CONSERVATION DISTRICT USE AUTHORIZATION: DLNR

Chapter 190D, Hawaii Revised Statutes, establishes a permit program within the DLNR
for use of "state marine waters." The statute defines that term as waters "extending from the
upper reaches of the wash of the waves on shore seaward to the limit of the state's police power
and management authority, including the United States territorial sea." H.R.S. Section 190-1.5.
The geographic extent of state marine waters has been subject to debate. State jurisdiction is
recognized by the federal government extends to three nautical miles. For certain purposes of
international law, the U.S. territorial sea has been extended by executive order to 12 nm. The
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U.S. Exclusive Economic Zone (EEZ) extends seaward to 200 nm. The effect of these factors on
claims regarding the state jurisdiction seaward of the islands remains unresolved.

The sound source and portions of the power supply cable lie seaward of the tthree-mile
sea. Apart from considerations concerning geographic jurisdiction, and in recognition of the
State of Hawaii's interest in the full range of the ATOC and MMRP research activities, Scripps
has included in its application for the conservation district use permit the entire complement of
facilities proposed to be used and the operations of both the MMRP and acoustic thermometry
project.

The project is within the Resource subzone of the Conservation District. Under DLNR
regulations, the Resource subzone objective is "to develop, with proper management, areas to
ensure sustained use of the natural resources... " Hawaii Admin. Regs. Section 13-2-13. Under
Chapter 2, Title 13 of the regulations, relevant permitted uses in the subzone are:

Research, recreational, and educational uses which require no physical facilities;

Establishment of marine, plant, and wildlife sanctuaries and refuges;

* Restoration or operation of important historic and archaeological sites listed on
the national or state register;

Maintenance and protection of desired vegetation;

Programs for control of animal, plant, and marine population, to include fishing
and hunting;

Monitoring, observing, and measuring natural resources;

Occasional use;

Government use not enumerated herein where public benefit outweighs any
impact on the conservation district;

Emergency warning systems;

Flood, erosion, or siltation control projects;

Aquaculture;

Artificial reefs;

* Commercial fishing operations.
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Effective December 12, 1994, DLNR adopted Chapter 5, Title 13, which modifies
permitted uses in the conservation district DLNR has advised Scripps that the controlling
regulations are those in effect at the time the permit application was submitted, so that the
Chapter 2 permitted uses are determinative. However, the relevant provision of the Chapter 5
permitted uses are also included here.

Under Chapter 5, the resource subzone objective is unchanged. Relevant permitted uses,
in summary, are:

Data collection, research, education, and resource evaluation which does not
involve a land use, which involves a land use with incidental disturbance from
installation of equipment (e.g., rain gauges or meteorological towers), or involves
a land use causing ground disturbances (e.g., exploratory wells).

* Aquaculture

* Artificial reefs

* Astronomy facilities

* Marine construction, dredging, filling on submerged lands

* Mining and extraction

- • Moorings and aids to navigation

Public purpose uses by the State of Hawaii or the counties to fulfill a mandated
governmental function, function, activity, or service for public benefit and in
accordance with public policy and the purpose of the conservation district.
Transportation systems, public utility transmission facilities, and other such land
uses undertaken by non-governmental entities which benefit the public and are
consistent with the purpose of the conservation district.

* Sanctuaries

Demolition, removal, alteration of existing structures, facilities, equipment.

The Board must find the project consistent with one or more of the allowed uses. The
Board cannot approve an application unless it finds that: 1) the applicant has the capacity to
carry out the entire project, and 2) the proposed project is clearly in the public interest upon
consideration of the overall economic, social, and environmental impacts. Hawaii Revised
Statutes Section 190-11 (e).

The proposed project is consistent with several of the allowed uses in the Resource
subzone under both the new regulations and the old.
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Regarding the old (Chapter 2) regulations: The proposed project is a research and
educational project and will require no permanent facilities. Both the MMRP and the acoustic
thermometry involve the monitoring, observing, and measuring of natural resources. Given the
low source duty cycle proposed to be used, the project is an occasional use. It is also an
important government research project and, given the protections provided by the MMRP Pilot
Study, anticipated benefits outweigh any potential impact on the conservation district.

Regarding the new (Chapter 5) regulations: Both the MMRP and the acoustic
thermometry portions of the project involve data collection, research, education, and resource
evaluation. Placement of the cable and source would constitute incidental disturbances similar to
the placement of rain gauges or meteorological towers. The equipment would not be constructed
on site, but would be placed there already constructed, and this is logically a lesser use included
in the allowed use of "marine construction" on submerged lands. The project is designed to
serve an important public purpose. Given its sponsorship by a federal agency and a relatively
high level of participation of representatives of the University of Hawaii, this project may also
fall under the "public purpose" provision of the Chapter 5 permitted uses.

This EIS and supplementary information provided to DLNR in conjunction with the
permit application provides the foundation for substantive evaluation of the project by the
Department's Office of Conservation and Environmental Affairs (OCEA) and the Board. Permit
application review and action by the Board will bring together input from other state and local
agencies with authority relevant to the project. Through conditions on any permit, DLNR can
address concerns identified by these agencies. Among the agencies which may be involved are
the Hawaii Department of Transportation which has jurisdiction relating to maintenance of
navigation channels, the Department of Health which has state authority in relation to water
quality, and the Divisions of Historic Resources Preservation and Aquatic Resources within
DLNR.

5.2.2.1 Hawaii Department of Transportation

The Hawaii Department of Transportation (DOT) has jurisdiction over state submerged
lands and must give approval for activities and installations which might interfere with
navigation. Under Hawaii Revised Statutes, Chapter 266, this review occurs within the context of
the DLNR permit review process. Given the depth at which equipment will be placed, it can be
expected to have no effect on navigation. The DOT has notified OCEA that the project does not
appear to have any discernible impact on the state's commercial harbor facilities or operations
(Appendix D).

5.2.2.2 Division of Historic Resources Preservation, DLNR

Facilities and activities associated with the proposed action would be entirely in marine
waters. The state's historic preservation program, which is carried out by the Division of Historic
Resources Preservation within DLNR, includes no survey of shipwrecks or other possible
historic resources in state marine waters. Program officials have been queried and have
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responded that they have no knowledge of such resources. DLNR has received no comments
concerning possibly affected historic resources. The Division has notified OCEA that no field
check is required because the Division believes the project will have no effect on significant
historic resources due to its offshore location (14.7 km offshore). See Appendix D.

5.2.2.3 Division of Aquatic Resources, DLNR

Responsibility for management of state fisheries aquatic resources lies with the Aquatic
Resource Division of DLNR. The Division has no direct permit requirements which affect this
project. The Division has commented (Appendix D), expressing its support of research leading
to greater knowledge of the ocean and its marine life, but questioning why additional ocean
thermal data is needed. See Section 1.1.1. The Division has also commented that its fish
aggregating device (FAD) north of Kauai is sufficiently distant from the proposed sound source
site (approximately 16 kin) to avoid interference with FAD anchors and cables. The Division
states that it is unknown how the sound pulses may affect the behavior of fish around the FAD,
because little is known about the potential effects of low frequency sound on fish. See Sections
3.3.3 and 4.3.2.2.

5.2.2.4 Division of Land Management, DLNR

A memorandum from this division states that inasmuch as the proposal does not affect
present or future Land Management programs, the Division has no objections to the project
(Appendix D).

5.2.3 WATER QUALITY AND NOISE REGULATION: DEPARTMENT OF
HEALTH

Hawaii Department of Health (DOH) has authority in relation to aquatic resources under
Chapter 342D, Hawaii Revised Statutes; Title 11, Chapter 54, Hawaii Administrative Rules
(water quality standards); and other state authorities. Under Chapter 342F, DOH regulates
certain noise pollution, not including noise in state marine waters. These statutes and rules are
part of the state's Coastal Zone Management Program authorities network, and the DOH
participates in implementation of these authorities through the federal consistency review
process. Similarly, DOH implements the aquatic resource policies and standards through
recommendations to DLNR on CDUP applications.

The DOH is also the state agency which implements water quality certification under
Section 401 of the Clean Water Act, applying the state water quality certification standards. The
authority for Section 401 review arises in connection with any federal permit for discharge into
navigable waters of the United States (defined by Section 502(8) of the Clean Water Act to
extend three miles seawafd from the shore). Because no federal discharge permit is required for
this project, the State has given notice that Section 401 certification is not needed. The State also
has indicated that, given the uncertainty about potential effects of low frequency sound on
aquatic life and the availability of findings on this issue at the conclusion of the MMRP, it is
premature for DOH to make a determination regarding possible applicability of other water and
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noise-related authorities of DOH (Appendix D). DOH may reevaluate that question after
reviewing the MMvIRP Pilot Study findings.

The state water quality standards of Title 11, Chapter 54, establish classifications for
marine waters and marine bottom ecosystems and define compatible uses and criteria. All
portions of the cable fall within the areas classified as "Open Coastal Waters" (shore to 183 m) or
"Oceanic [deeper] Waters." Section 11-54-07. The cable route begins at a depth of 24 m
offshore from Barking Sands, runs seaward around the northwest side of the island at depths of
73 to 108 In, and terminates at the source site at approximately 850 m.

Approximately three-fourths of the cable route lies offshore between Hikimoe Valley and
Makahoa Point, and is therefore in an area designated Class AA Open Coastal Waters. The
regulatory objective is to maintain such areas in their natural, pristine state as nearly as possible,
with an absolute minimum of pollution or alteration of water quality. The project cable,
involving no pollution or alteration of water quality, is compatible with this objective. Among
the uses protected in Class AA waters is oceanographic research. Use of the cable to transmit
power is part of the proposed oceanographic research activities.

Less stringent standards apply in the deep Oceanic Waters, which are all Class A, and in
the Class A Open Coastal Waters. The Cable between Barking Sands and Hikimoe Valley, as
well as the cable's northern terminus and the source are in Class A waters. In such waters, any
use is allowed as long as it is compatible with protection and propagation of fish, shellfish, and
wildlife, and with recreational uses. The project's provisions for protection of aquatic life are
listed as mitigation measures (23 total) in this EIS.

Of the marine bottom types addressed by the water quality standards, only soft bottom
community (defined as occurring at 2 to 40 m) occurs along the immediate cable route. The
point of connection with the existing cable offshore from Barking Sands is at 24 m depth, in an
area of sandy and coral rubble bottom. The cable, being simply laid on the surface of the
seafloor, involves none of the complete or permanent alteration, oxidation reduction, or
incompatibility with aquatic life proscribed by the water quality standards.

From the point of connection offshore from Barking Sands, the cable route moves into
deeper water, passing along sandy surge channels which transect the outer reef. At 45 to 67 m,
this reef is too deep to be included in the marine bottom types addressed by state water quality
standards. Even so, the cable route avoids the coral, because it is important to run the cable over
stable and relatively flat seabed, minimizing cable suspensions which could cause stress and
breakage. (See Final Survey Report for Kauai Acoustic Thermometry of Ocean Climate Site,
Seafloor Surveys International, 1993, at pp. 4-5, 21-30.)

Other potential effects of the sound transmissions upon the aquatic environment are
discussed in Section 4. The program for mitigating potential adverse effects upon aquatic life is
described in Sections 2 and 4 of this EIS. It includes a dedicated study of potential effects on
marine animals and operational protocols (Appendix C), which will protect against major
adverse effects. With these mitigation measures, the project is not expected to have any adverse
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effects in relation to State goals for protection of aquatic resources, as reflected in Chapters 342D
and 344, Hawaii Revised Statutes.

5.3 RELATIONSHIP OF PROJECT TO STATE AND LOCAL PLANS AND
POLICIES

This section considers the project's consistency with state and local plans and policies not
otherwise considered, as required by the Hawaii EIS rules.

5.3.1 HAWAII OCEAN RESOURCES MANAGEMENT PLAN

Introduction

In 1988 the Hawaii State Legislature, through Act 235, the Ocean Resources
Management Act (Chapter 228 HRS), mandated the drafting of the Hawaii Ocean Resources
Management Plan. The purpose of the plan, which was completed in 1991, is to coordinate a
consistent ocean policy framework for the various state and local agencies with responsibility for
ocean and coastal resources. The boundaries addressed by the Plan are from the shoreline coastal
zone out to the limit of the 200 nrn (370 kin) economic exclusion zone. The Plan is divided into
ten different sectors with objectives, policies, and implementing actions given for each sector.

Although the plan does not have direct regulatory effect, it is considered here because it
provides assistance in the implementation of regulatory programs which apply to the project.
The proposed project relates to the relevant objectives and policies of the Hawaii Ocean
Resources Management Plan as discussed below.

Ocean Research and Education

Objective: Develop a supportive State management system that encourages and promotes
marine education and that fosters the growth, continued economic viability and
effectiveness of ocean research and development in Hawaii.

The drafters emphasized the importance of ocean research and education, adopting
policies to strengthen Hawaii's national and international competitiveness in attracting funds in
these fields, to mitigate user conflicts between research and non-compatible uses so that research
projects aren't jeopardized, and to foster stewardship attitudes. The drafters identified ocean
research and education as major determinants of the Plan's long-term success.

The proposed project is consistent with this objective and its implementing policies --
especially Policies A and G concerning attracting ocean research programs and increasing public
awareness. Results of the research would be made available to Hawaiian educational and
scientific institutions, as well as to the public. Both the public review of the project prior to
implementation, and the publication of results after completion would increase public awareness
of Hawaii's ocean resources.
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User conflicts are addressed by the Plan. The absence of user conflicts is discussed at
Section in Sections 5.2.1 and 4.5. The project would not implicate other policies or
implementing actions'of this sector.

Ocean Recreation

Objective: Promote the development of safe ocean recreation opportunities which are
socially and environmentally acceptable and compatible with other ocean and coastal
resource uses and available to all residents.

The main recreational activities which could be affected by the proposed project are
whale-watching and recreational diving off the north shore of Kauai. As is detailed in Section 4
of this EIS, the proposed project would not be expected to have a negative impact on the whale-
watching industry or recreational diving. The possibility that whales could change course to
avoid the sound field is considered uncertain. Such a change could temporarily effect whale-
watching activities. See Section 4.4.2.

The proposed project would neither promote nor impede the ocean recreation policies
dealing with existing recreational facilities, access to the shoreline, wilderness areas, water
safety, conflicts between recreational activities, and promotion of ocean recreation industry.

The information obtained from the research program on marine mammal reactions to
subsea noise has the potential to inform management on decisions needed to implement Policies
E and F on maintaining resource quality.

Fisheries

Objective: Provide afoundation for developing an integrated State fisheries
management system that ensures: 1) depleted and over-exploited stocks will be restored
to sustainable levels; 2) fisheries resources will be harvested at their optimum
sustainable yield; and 3) user conflicts will be minimized.

Fishery resources in the project area are discussed at Section 3.3.3, and potential effects
on these resources are discussed beginning at Section 4.3.2.2. These potential effects are
identified as minor and limited to a small zone around the sound source (at approximately 850 m
depth). Habitat for stocks targeted by commercial, subsistence, and recreational fishing is at
substantially less depth. The absence of user conflicts associated with this project is discussed in
Sections 4.4.1 and 4.5. The issue of possible effects on the behavior of fish around the FAD
located north of Hanalei is discussed in Section 5.2.2.3.

Marine Ecosystem Protection

Objective: Provide for protection of marine and coastal ecosystems, and establish a
comprehensive system of marine and coastal protected areas within an integrated
program which protects, preserves and enhances marine species and areas of exceptional
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resource value on each main island, representing each of the natural ecosystems and
resources found in the marine and coastal environment of the State.

Policy A calls for the "protection of species, natural habitats and other resources of
exceptional value." In the short term, the MMRP would result in increased information about
marine mammals, and in the proposed project would provide information about global climate
changes. This research data could be used by resource managers to protect valuable natural
resources. Operational protocols to protect aquatic species and habitats have been incorporated
in the project (Appendix C).

Policy D calls for "enhanced local community awareness, appreciation, and participation
in marine conservation and preservation efforts." The results of the MMRP would be made
available to local educational and scientific institutions and the public. Both the public
involvement in the review of the proposed project, and public dissemination of the results of the
research would increase community awareness and appreciation of marine mammals and their
environment, thereby aiding conservation and preservation efforts. The Kauai CAG has been
proposed as another way of enhancing community participation.

Beaches and Coastal Erosion

Objective: Develop an integrated State erosion management system that ensures: 1) the
preservation of sandy beaches and public access to and along the shoreline; and 2) the
.protection ofprivate andpublic propertyfromflood hazards and wave damage.

Policy J of the Hawaii Ocean Resources Management Plan is to "plan for climate change,
sea level rise, and emerging issues." The proposed project has the potential to provide essential
information on global climate change. This information would be made available to the
scientific and regulatory communities, and therefore could aid in the implementation of Policy J.
See Section 5.2.1 on Coastal Hazards.

Other Sectors

The proposed project would have no impact on any of the objectives, policies, or
implementing actions of the Harbors, Waste Management, Fisheries, Aquaculture, Energy, and
Marine Minerals sectors.

5.3.2 COUNTY OF KAUAI

The County of Kauai has provided notice (Appendix D) that, because the proposed
project would be located in ocean waters seaward of the County's Special Management Area, a
special management area permit under Hawaii Revised Statutes, Chapter 205A, will not be
required. The County exercises no other regulatory authority in relation to the project.
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5.4 FINAL HUMPBACK WHALE RECOVERY PLAN

NMFS, under the auspices of the National Oceanic and Atmospheric Administration
(NOAA), is responsible for applying the ESA to most marine mammal species, including the
humpback whale. To aid in the conservation of the humpback, NOAA directed the Humpback
Whale Recovery Team to prepare a Recovery Plan. The Final Humpback Whale Recovery Plan
(Recovery Plan) was approved by NMFS in 1991.

The Recovery Plan sets out a series of recommended goals and actions for: 1)
maintaining and enhancing the habitats of humpback whales; 2) identifying and reducing death,
injury or disturbance to the whales caused by humans; 3) performing research to evaluate
progress toward recovery goals; and 4) implementing the Recovery Plan through improved
administration and coordination.

The MMRP and acoustic thermometry research relate to the goals of, the Recovery Plan,
as discussed below. (See further discussion of this species at Sections 3.3 and 4.3) Many of
these goals depend on increasing our knowledge of the whale, its habits and habitat. Goal 1.14,
for example, calls for basic information on the whale's behavior. Goal 3.5 requires information
about habitat use to determine management actions, and Goal 3.412 is to accumulate data on
sightings. Other goals call for photographic surveys (Goal 3.522) and underwater listening
stations (Goal 3.5232). All of these goals are components of the Kauai MMRP.

Additionally, the MMRP would acoustically monitor humpbacks for vocal behavior
(singing, calling, social sounds) and movement patterns, both during sound transmissions, and
between signals, supporting Goal 3.5232. The whales would also be visually surveyed from
shore and from the air for surface behavior (blow intervals, duration at surface, etc.) and
movement patterns (swim direction, speed, etc.)

Several of the goals of the Recovery Plan require more information on the current
acoustic regime of the humpback habitat. Goal 1.14 calls for detailed descriptions of physical
and biological characteristics of current habitats, including "acoustic characteristics." Goal
1.3111 focuses on the need to reduce noise disturbance in Hawaiian waters; although it is
hesitant about recommending additional noise research because of the expense and possible
ambiguous results and, therefore, emphasizes reduction of human-produced underwater noise as
more direct and cost-effective than additional research.. The MMRP would involve short-term
increase in underwater sound in the area. Whether this temporary increase in sound level would
induce "disturbance" is uncertain, although it appears unlikely given the depth of the sound
source (850 m) and the diving capability of the humpback whale (150 m). See Section 4.3.1.1.
This issue would appropriately be weighed in light of what is known about the potential effects
of low frequency sound on humpbacks, as well as consideration of the MMRP's value in
providing information to assess accurately the potential for impacts of noise, and implement
Goal 1.3111 to reduce noise disturbance in Hawaii. It would measure comparative sound levels
of endemic noise-producing sources in the north Kauai area, including whale-watching vessels,
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recreational power boats, thrillcraft, and low-flying aircraft In addition, it would provide
controlled study data on the response of marine mammals to underwater low frequency sound.

Although the experiment would involve noise levels above typical ambient conditions
during transmissions, its contribution to the overall amount of undersea noise off the north coast
of Kauai would be limited because of the short duty cycle, and would occur in an area of
Hawaiian waters that appears to be less populated by humpbacks than other sites, such as the
waters off Maui. If the MMRP provides evidence that existing subsea noises are adversely
affecting marine mammals, data from the study would help provide a foundation for noise
controls which responsible agencies may seek to implement in order to reduce ambient subsea
noise levels off Kauai.

The Recovery Plan also encourages public education about humpback whales and
international cooperation in conserving the whale and its habitat. Goals include mutual exchange
of information between nations (Goal 1.73), effective communications with groups interested in
marine affairs (Goal 4.3), and increased public education (Goal 4.9). Continuing education about
the project would give the public more scientific information about the oceans and their
inhabitants, including humpbacks.

In summary, the marine mammal research component of this project, while temporarily
adding controlled low frequency sound to the ambient acoustics, would further the goals of the
Recovery Plan by providing needed scientific data on the animal, its behavior and habitats,
educating the public about marine mammal issues, and promoting international cooperation on
global ocean research and preservation of marine animals. The findings of the MMRP would
also be used to determine any changes in acoustic thermometry operations that may be needed to
provide protection of the species consistent with the Recovery Plajn (Section 2.1.1, Appendix C).

5.5 POTENTIAL HAWAIIAN ISLANDS HUMPBACK WHALE NATIONAL
MARINE SANCTUARY EXPANSION

This section responds to requests made during the scoping process that the EIS consider
the compatibility of the MMRP and acoustic thermometry activities with potential future
expansion of the Hawaiian Islands Humpback Whale National Marine Sanctuary.

The Oceans Act of 1992 established the HIHWNMS, defined to include, among other
areas, the submerged lands and waters adjoining the Kilauea Point National Wildlife Refuge on
the island of Kauai, out to the 100 fath (200 m) isobath. None of the proposed project facilities or
activities would be within the sanctuary boundaries.

Expansion of the HIHWNMS boundaries is being considered. However, the areas
proposed for expansion generally retain the limitation to nearshore areas within the 100 fath (200
m) isobath and, therefore, do not include the source location. Based on FEPE computer model
acoustic analysis, the extent of the 120 dB sound field borders on the 200 m depth contour, and
thus some increase in ambient noise levels < 120 dB could be expected in a portion of the
expanded boundary during sound transmissions.
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The National Marine Sanctuary Act requires federal agencies to consult with the
Secretary of Commerce or designee on any actions, internal or external to a National Marine
Sanctuary (including provate activities authorized by licenses, leases, or permits), that is "likely
to destroy, cause the loss of, or injure, any sanctuary resource." 16 U.S.C Sec. 1434(d) There is
no expectation of any destruction, loss or injury of any sanctuary resource, within, or outside of
the sanctuary, from the proposed action.

5.6 REGULATORY PROGRAMS THAT DO NOT APPLY TO THE PROPOSED
PROJECT

Other than the regulatory programs discussed above, no additional permits or regulatory
requirements are considered applicable to the proposed project or the MMRP. Potentially
applicable programs that were considered in coming to this conclusion include the following:

* County of Kauai Special Management Area requirements under the Shoreline

Protection Act; County Shoreline Setback Rules and Regulations

* Endangered Species Act review by the U.S. Fish and Wildlife Service

* Clean Water Act

* Outer Continental Shelf Lands Act

* Title I, Marine Protection, Research and Sanctuaries Act (ocean dumping)

• National Historic Preservation Act

* Noise Pollution Requirements under Chapter 342F, Hawaii Revised Statutes
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6 ADDITIONAL ISSUES

This section of the EIS addresses a number of ancillary issues under NEPA and Hawaii
Environmental Policy Act (HEPA) requirements, including the relationship of short-term uses
and long-term productivity, irreversible and irretrievable commitments of resources, natural or
depletable resource requirements and conservation potential, a summary of probable adverse
impacts which cannot be avoided, unresolved issues, scientific uncertainty, growth-inducing
effects and environmental justice.

6.1 RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF THE HUMAN
ENVIRONMENT AND THE MAINTENANCE AND ENHANCEMENT OF
LONG-TERM PRODUCTIVITY

NEPA and HEPA require consideration of the relationship of short-term uses and long-
term productivity. Generally speaking, this consideration is less applicable to projects, such as
the MMRP and acoustic thermometry program, which would not exploit resources over the short
term at the expense of long-term environmental values.

The proposed action would not be expected to result in adverse environmental effects that
would have the potential for permanently altering the physical, biological, economic, or social
resources of Hawaii. Project activities would not be expected to result in environmental effects
which could permanently narrow the range of beneficial uses of the environment by Kauai
residents, or pose any long-term risks to the health, safety, or general welfare of the public.

The proposed project would result in local short-term increases in boat traffic and air
traffic as part of the MMRP, but would be virtually negligible. Shipboard visual and acoustic
surveys would also be conducted as part of the MMRP. Refer to Appendix C for further
information regarding short-term aerial and shipboard survey activities.

The project would result in minor short-term changes in the local marine acoustic
environment as a result of the operation of the sound source. As discussed in Sections 3 and 4 of
this EIS, the operation of the sound source is not anticipated to adversely affect the maintenance
and enhancement of the long-term productivity of the environment.

The MMRP research proposed would have the potential for beneficial biological,
economic and social implications in the long-term. Results of the marine animal research that
would be performed would help to quantify the marine animal inventory for the proposed study
area. Identification and quantification of the potential effects of low frequency sound on marine
animals would help Kauai (and Hawaii) determine the need for possible operational restrictions
on human-made noise sources (e.g., merchant ship traffic, whale-watching boats, thrillcraft, etc.).
Similarly, the proposed project could provide important information supporting government
policies and regulations to curb global warming.
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As stated in the discussion of project objectives (Section 1), there are important
justifications for proceeding with the project at this time in order to develop the optimum method
of exploiting climate prediction models for measuring global climate change. Proceeding with
the project at this time would not foreclose options to implement alternative global climate
change study methodologies in the future.

6.2. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES
THAT WOULD BE INVOLVED IN THE PROPOSED ACTION SHOULD IT BE
IMPLEMENTED

NEPA and HEPA require consideration of the irreversible and irretrievable commitments
of resources as a result of proposed projects.

The proposed acoustic thermometry project and MMRP activities would not constitute
any irreversible or irretrievable commitment of nonrenewable or depletable environmental
resources of the area off the north shore of Kauai, other than the small amount of materials and
energy expended during performance of the MMRP research efforts (e.g., plane, boat and vehicle
fuel expenditure, and standard office and research product usage). The only addition of any
resources into the environment would be the acoustic source on the seafloor, and proposed sound
emanations into the deep ocean sound channel. However, both the placement of the source and
sound emanations are completely reversible and removal of the sound source is expected upon
completion of the project.

The proposed project and MMRP activities also do not present the potential for an
accident affecting the quality of the environment.

Both the moored autonomous source and Johnston Atoll alternatives would result in
increased vessel and other usage of fuels, resulting in somewhat greater impacts as compared to
the proposed action.

6.3 NATURAL OR DEPLETABLE RESOURCE REQUIREMENTS AND
CONSERVATION POTENTIAL

For the proposed alternative, MMRP aircraft and vessel operations would use relatively
small amounts of fuel. In addition, power for the source would be supplied from the onshore
grid. Those power requirements, when the source is operating, would be less than 2 kw input
(due to power line losses and inefficiencies, the source would produce an acoustic output of
approximately 260 watts). Taking into account the relatively low duty cycle of the source, the
electricity requirements to power the source would be substantially less than that of an average
single-family home.
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Anticipated energy requirements of the acoustic thermometry program and MMRP would
be well within the energy supply capacity of the Kauai fuel supply and power grid. No new
power generation capacity or energy supply facilities would be required for any of the MMRP
research team efforts, or for the acoustic source signal generation.

Other than the various structural materials used for fabrication of the acoustic source
system, and fuels, no natural or depletable resources would be required.

6.4 SUMMARY OF PROBABLE ADVERSE IMPACTS WHICH CANNOT BE
AVOIDED; UNRESOLVED ISSUES

As set forth in Section 4, the proposed project and MVRP are not anticipated to result in
reasonably foreseeable adverse effects on biological resources. This conclusion is based in part
upon the available information regarding the marine animal species that could potentially be
affected, which is analyzed extensively in Section 4. It is further known that the animals that
may be exposed to the project source sounds are currently exposed to noise sources of
comparable or greater intensity, particularly from commercial shipping and recreational boating;
the lack of literature or other reports documenting harm from these commonplace exposures is
further evidence that the effects of such subsea noise are not reasonably anticipated to be
consequential. The importance of potential impacts on biological resources is also limited by the
temporary nature of the initial experimental activities, which will span at most a two-year period
of transmissions, and the limited duty cycle of the source (on only 2% of the time, off the
remaining 98%, for most of the experimental period).

There are no other material adverse impacts of the proposed project.

The principal unresolved issue presented by the proposed project is the degree to which
subsea sounds in the low frequency range could potentially affect marine animals. This EIS
acknowledges that the current level of knowledge on this issue is sparse. Unrecognizable
impacts to marine animals could have corresponding impacts on biological resources. See
discussions in Section 4 above. Section 4 also summarizes the scientific evidence relevant to this
issue and evaluation of potential impacts based upon reasonable extrapolations from that data.
Due to this gap in knowledge, the MMRP is designed to investigate and analyze the potential for
impacts to biological resources.

In determining whether to proceed with the ATOC project and MMRP, one of the costs
that must be weighed is the cost of uncertainty -- the costs of proceeding without more and better
information. By setting out this information and acknowledging the uncertainty of information
in this EIS, the decisionmakers will be able to weigh the costs of proceeding despite that
uncertainty, and determine whether the benefits of proceeding without further delay outweigh
those costs, or whether the project should be delayed until further information is obtained. Since
the project itself is intended to fill information gaps and reduce uncertainty concerning the global
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warming question, as well as the question of the possible effects of low frequency sounds on
marine animals, both alternatives present risks and benefits that need to be weighed in that
evaluation.

This EIS concludes that the benefits of this additional information, from an
environmental standpoint, should justify proceeding with these activities. The benefits of the
proposed project could not be fully realized by any of the other alternatives proposed.

6.5 GROWTH-INDUCING IMPACTS OF THE PROPOSED ACTION

Because the proposed project is a scientific research project, as opposed to a land
development project (e.g., infrastructure, commercial or residential development), the project
would not result in any appreciable growth-inducing effects. The proposed project could foster
some economic activity as a result of the use of ships/boats and aircraft for survey purposes.
However, this activity would not likely be of such magnitude that it would stimulate the
establishment of new businesses, population growth, or the construction of additional housing.
In addition, there are no project characteristics which are likely to remove obstacles to population
growth or encourage or facilitate other activities that could affect the environment, either
individually or cumulatively. Most of this activity would utilize existing economic resources
(labor, business, etc.) in Kauai.

6.6 ENVIRONMENTAL JUSTICE

On February 11, 1994, the President signed an Executive Order on Federal Actions to
Address Environmental Justice in Minority Populations and Low-Income Populations. The
proposed project would cause no adverse environmental effects on any minority communities
and/or low-income communities. Furthermore, the public, incl~uding minority communities and
low-income communities, have full and open access to this EIS and all public information that
was compiled and incorporated to develop it. This section particularly addresses the native
Hawaiian population, as well as low-income persons, on the north shore of Kauai who practice
subsistence fishing in the waters surrounding Kauai. It is noted that the total catch by Kauai
fishermen in the area off the north shore of Kauai was approximately 17,000 kg (37,500 lbs) in
1993. It is also noted that the Division of Aquatic Resources placed a fish aggregating device
(FAD) approximately 16 km away from the proposed source site. Sections 3.3.3, 4.3.2.2, 5.2.1,
and 5.2.2.3 address the fish species expected in the study area, the potential for acoustic impact
on those species, and the potential for interference between the proposed source and the FAD,
respectively.
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1736 Franklin Street, 8th Floor advisor and Red Team reviewer
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1335 East-West Highway
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Los Angeles, CA 90024-1606 Silver Springs, MD 20910

Aina Haina Public Library Andrew Ussner Ann Terbush
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1335 East-West Highway 1335 East-West Highway
Silver Springs, MD 20910 Silver Springs, MD 20910

3-I.



Ann Terbush Ann Terbush ARCHAMBAULT, JANICE
Office of Protected Resources F/PR1 Office of Protected Resources F/PR1 IDYLLWILD ENVIRON. COALITION
NOAA-NMFS NOAA-NMFS PO 392
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NOAA-NMFS NOAA-NMFS PO BOX 466
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300 BROADWAY. #28 267 A ANDERSON ST (SEE RUSS)
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BLACKSHEAR, F., BONNELL. M.L. BURKE. JR., HAROLD S.

125 NANTUCKET 763 ICE CREAM GRADE 3045 SILVERBROCK DRIVE

VACAVILLE, CA 95687 SANTA CRUZ, CA 95060 BURLINGTON, KY 41005
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Post Office Box 230946 Cornell University 14790 Bear Creek Road
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Chairperson Chris Clark CHULWALLI, MELISSA
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P.O. Box 1879 Department of Ornithology SAN FRANCISCO, CA 94132
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Ithaca, NY 14850

Charlie Petit Chris Clark Cindy Clark
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MTN CENTER, CA 92561

Cheaure, Al- CHRISTMANN. ERIK Clark, Bob
Center for Seismic Studies 114 MASON ST American Cetecean Society
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677 Ala Moana Blvd. Room 415 Oakland, CA 94619 FELTON, CA 95018
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P.O. Box 3540 SAN FRANCISCO, CA 94104 Ewa Beach, HI 96706
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Washington DC 20515-0552 Honolulu, HI 96813 75 HAWTHORNE STREET

attn: Vickly Middleton SAN FRANCISCO, CA 94105 3901
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CEROS Research Planning. Inc. 1611 Connecticut Ave., Suite 3B

2800 Woodlawn Drive, 0 243 Center for Seismic Studies Washington, DC 20009

Honolulu, HI 96822 1300 North 17th SL, Ste. 1450
Arlington, VA 22209

8-7



GOODYEAR, JEFF HAIFLY. DAN HEACOCK. DON
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Santa Cruz, CA 95060 attn: Govt Documents

JOHNSON, L.B. Kailua-Kona Public Library Kauai Public Library,

POB 1955 75-140 Hualalllai Road 4344 Hardy Street

CAPITOLA. CA 95010 Kailua-Kona, HI 96740 Kauai, Hawaii 96766
attn: Govt Documents

JONES, SYLVIA Kaimuki Regional Library Kauai Regional Library

10906 EXPOSITION BLVD 1041 Koko Head Ave. 4344 Hardy Street

LOS ANGELES. CA 90064 Honolulu, HI 96846 Lihue, HI 96766

Jorine Lawyer Kalihi-Palama Public Library Keaau Community Library

UC Santa Cruz - 1425 Kalihi Street P.O. Box E

Oakes 4540 Honolulu, HI 96819 Keaau, HI 96749

150 Heller Drive
Santa Cruz, CA 95064

Judy Telfer Kaneohe Regional Library Kealakekua Public Library

Monterey Herald 45-829 Kamehameha Highway P.O. Box 768

P.O. Box 271 Kanohe, HI 96744 Kealakekua, HI 96750

Monterey. CA 93942

Juliana Durier Kapaa Public Library KEEGAN. PAUL

4628 Briar Ridge Road 1464 Kuhio Highway 528 WILKES CIRCLE

Oceanside, CA 92056 Kapaai. HI 96746 SANTA CRUZ, CA 95060

Julie Roberts Kate Deely KEEN, JANICE

3930 Conde, Apt. 1 La Jolla Light PIGEON POINT LIGHTHOUSE

San Diego, CA 92110 450 Pearl Street PESCADERO, CA 94060
Box 1927
La Jolla, CA 92038
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KELLY, JAMES KROUPA. PAUL Lawless, James

13041 SW BACHELOR ROAD 182 UBERRY STREET NOAA, Dept. of Commerce

VASHON, WA 98070 SAN FRANCISCO, CA 94131 Sanctuaries and Reserves Division
1305 East-West Hwy-SSMC4-12
Silver Spring MD 20910

Kefly Ouirke LA BARRE. DOUG/DELANIE LAWSON. DAVID

Greenpeace 206 SO. BLANCHE ST 415 HIGH ST

568 Howard Street OJAI, CA 93023 SANTA CRUZ, CA 95060

3rd Floor
San Francisco, CA 94105

KELSBERG, WILLIAM Lahaina Public Library . Legislative Reference Bureau

KNOPFLER & ROBERTSON 680 Wharf Street Hawaii State Capitol, Room 004

10 UNIVERSAL CITY PLAZA. #1500 Lahaina. Hi 96761 Honolulu, HI 96813

UNIVERSAL CITY. CA 91608 1002

Ketten, Darlene LAMB. JOE Librarian

Mass. Eye & Ear Inst 26 EL CAMINO DRIVE DBEDT

Dept. of Otology & Laryngology CORTE MADERA, CA 94925 2002 220 South King Street, 4th Floor

243 Charles Street 
Honolulu, HI 96813

Boston, MA 02114

KIECKHEFER, TOM Lanai Community School Library Liliha Public Library

9433 HOLLY HILL DR P.O. Box A-149 1515 Liliha Street

SOLENAS, CA 93907 Lanai, HI 96763 Honolulu, HI 96817

KITKO. MICHELE LANCE. GARY Lindy Weilgart
1924 1/2 LAKESHORE AVENUE 6 FORD STREET. APT A Dalhousie University
LOS AMGELES, CA 90039 SAN FRANCISCO, CA 94114 Dept. of Biology

Halifax, Nova Scotia B3H 4J1
CANADA

KOEHLER, RICHARD Lanse. Lisa Long Marine Lab Education Office

POB 1882 PETA Attn: Dorris Welch-Burman

IDYLL.WILD, CA 92549 P.O. Box 42516 100 Shaffer Road

Washington DC 20015 Santa Cruz: CA 95060

Koloa Community School Library LARGAY, BRYAN Los Angeles Public Library

P.O. Box 619 WOODROW Central Library

Koloa, HI 96756 SANTA CRUZ, CA 95060 630 West 5th street
Los Angeles. CA 90071
attn: Jackie, Science & Tech Dept.

KONING, BEN Laupahoehoe Community Library Los Angeles Public Library

201 SOUTH 4TH ST. #513A P.O. Box C Central Library

SAN JOSE, CA 95112 Laupahoehoe, HI 96764 630 West 5th street
Los Angeles, CA 90071
attn: Jackie, Science & Tech Dept.
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LOVE, TIMOTHY D. Manell Zakhana Marilyn Cox

TURNER COLUE & BRADEN, INC. ICPI Lyon, lASSO Campus Planning Office, 0006

POB 130089 25, Rue de Plat University of California, San Diego

HOUSTON, TX 77219 69288 Lyon Cedex 02 9500 Gilman Drive

FRANCE La Jolla, CA 93093-0006

LOW, BOB Manoa Public Library Marilyn Cox

786 W. GRISWOLD RD 2716 Woodlawn Drive Campus Planning Office, 0006

COVINA, CA 91722 Honolulu, HI 96822 University of California, San Diego
9500 Gilman Drive
La Jolla, CA 93093-0006

LYLES, MEGAN Marilyn Cox Marilyn Cox

899 GUERRERO Campus Planning Office, 0006 Campus Planning Office, 0006

SAN FRANCISCO, CA 94101 University of California, San Diego University of California, San Diego

9500 Gilman Drive 9500 Gilman Drive

La Jolla, CA 93093-0006 La Jolla. CA 93093-0006

Lynn Brooks Marilyn Cox Marilyn Cox

ASPCA Campus Planning Office, 0006 Campus Planning Office, 0006

Animal Watch Magazine University of California, San Diego University of California, San Diego

424 East 92nd Street 9500 Gilman Drive 9500 Gilman Drive

New York City, NY 10128 La Jolla, CA 93093-0006 La Jolla, CA 93093-0006

Lynn Schenk Marilyn Cox Mark Smaalders

315 Cannon HOB Campus Planning Office, 0006 Sierra Club Legal Defense Fund

Washington DC 20515-0549 University of California, San Diego 223 South King Street

attn: George Wilson 9500 Gilman Drive Austin Bldg. #400

La Jolla, CA 93093-0006 Honolulu, HI 96813

Lynne Stringer Marilyn Cox Mark Smaalders -

P.O. Box 23094 Campus Planning Office, 0006 Sierra-Club Legal Defense Fund

Encinitas, CA 92023 University of California, San Diego 223 South King Street
9500 Gilman Drive Austin Bldg. #400

La Jolla, CA 93093-0006 Honolulu, HI 96813

Majerowicz. Eugene Marilyn Cox Mark Smaalders

"4449 Presidio Drive Campus Planning Office, 0006 Sierra Club Legal Defense Fund

Los Angeles, CA 90008 University of California, San Diego 223 South King Street
9500 Gilman Drive Austin Bldg. #400

La Jolla, CA 93093-0006 Honolulu, HI 96813

Makawao Public Library Marilyn Cox Mark Smaalders

P.O. Box 647 Campus Planning Office, 0006 Sierra Club Legal Defense Fund

Makawao, HI 96768 University of California, San Diego 223 South King Street
9500 Gilman Drive Austin Bldg. #400

La Jolla, CA 93093-0006 Honolulu, HI 96813

MALKIN, DEBBIE Marilyn Cox Mark Smaalders

411 CEDAR ST Campus Planning Office, 0006 Sierra Club Legal Defense Fund

SANTA CRUZ, CA 95060 University of California, San Diego 223 South King Street
9500 Gilman Drive Austin Bldg. #400
La Jolla, CA 93093-0006 Honolulu, HI 96813
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Mark Smaalders Mary Altalo McCully-Moiliili Public Library

Sierra Club Legal Defense Fund Director's Office. Mail Code 0210 2211 South King Street

223 South King Street Scripps Institution of Oceanography Honolulu, HI 96826

Austin Bldg. #400
Honolulu, HI 96813

Mark Smaalders Mary Hope Katsouros. McGill, Kathy

Sierra Club Legal Defense Fund Ocean Studies Brd, Nat. Research Council American Cetecean Society

223 South King Street Milton Harris Bldg.. Room 594 Los Angeles Chapter

Austin Bldg. #400 2001 Wisconsin Ave. N.W. 1101 Seal Way. #8

Honolulu, HI 96813 Washington, DC 20007 Seal Beach CA 90740

Mark Smaalders Mary Hudson MCMILLER, JOHN P

Sierra Club Legal Defense Fund Environmental Law Offices 512 PINE ST

223 South King Street 1736 Franklin Street, 8th Floor APTOS, CA 95003

Austin Bldg. #400 Oakland, CA 94612

Honolulu. HI 96813

Mark Smaalders Matthew Dzieciuch MEEKEN, MARLENE

Sierra Club Legal Defense Fund IGPP Department - 0225 332 GOSS

223 South King Street UCSD SANTA CRUZ, CA 95065

Austin Bldg. #400 9500 Gilman Drive

Honolulu, HI 96813 LaJolla. CA 92093-0225

MARKARIAN, MICHAEL MAY. TRACEY METZGER, DEENA

THE FUND FOR ANIMALS. INC. 10.000 LITTLE APPLEGATE RD 2066C CALLEN DR

850 SLIGO AVENUE, #300 JACKSONVILLE. OR 97530 TOPANGA, CA 90290

SILVER SPRING, MD 20910

MARKOVIC. FRANCES Mayor Michael Huffington

239S DELAWARE AVE. #52 County of Kauai .3152 Cowles Way #2

SANTA CRUZ, CA 95060 Lihue, HI 96766 San Diego, CA 92117

Marshall Wilson McBee, Caroline MICHAEL, MICHAEL

San Mateo Times 3909 4th Avenue 700 FELL STREET. #3

P.O. Box S400 San Diego, CA 92103 SAN FRANCISCO, CA 94117

San Mateo, CA 94402

MARTIN, HOWARD MCCLELLAN, DONA,-D Michael W. Newcomer

2500 HOSPITAL DR, #48 46 SANCHEZ STREET 22371 Hartman Drive

MOUNTAIN VIEW. CA 94040-4167 - SAN FRANCISCO, CA 94114 Los Altos, CA 94024

MARTIN, PAUL MCCLINTOCK. BETTY Michele Wong-Wilson

839 JONES STREET, #4 425 SEACLIFF Hugo Wong-Wilson

SAN FRANCISCO, CA 94109 6339 APTOS, CA 95003 80 Pauahi Street, Suite 209
Hilo, H196720
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MICHIOKA, CHRISTY MOTOYOSHI. PAUL NEWMAN. K

1685 PAPAU ST 27712 140TH AVE. SW 1257 10TH AVE

KAPAA, HI 96746 VASHON ISLAND, WA 98070 SAN FRANCISCO, CA 94122

MILES, SARA Mountain View Community Library Nichols, Vicki

824 SHAWELL P.O. Box 380 Save Our Shores

SAN FRANCISCO, CA 94110 Mountain View, HI 96771 P.O. Box 1560
Santa Cruz, CA 95061

MILLER, MELINDA Mr. Jay R. Murray NMFS
Ofc of Protected Resources

400 MCLAUGHLIN DRIVE 9 Hyannis Circle 1335 East-west highway
SANTA CRUZ. CA 95064 Salinas, CA 93906 Silver Springs, MD 20910

Attn: Government Documents

MOLITOR, PETER Ms. Joy Lapseritis NMFS
Ofc of Protected Resources

840 HAVERFORC AVE, #3 31 Alden Street 1335 East-west highway
PACIFIC PALISADES, CA 90272 Greenfield, MA 01301 Silver Springs, MD 20910

Atin: Government Documents

MOLK, DAVID/GAYLE MURLIN, RACHEL Noble L Engle

MORNING GLORY RANCH 1804 MISSOURI ST Mesa Engineering

BIG SUR, CA 93920 SAN DIEGO. CA 92109 3241 P.O. Box 923
Red Bluff, CA 96080

Molokai Public Library National Marine Fisheries Service NORTH, CLAUDIA

P.O. Box 395 2570 Dole Street 3344 MISSION STREET

Kaunakakai, HI 96748 Honolulu. HI 96822 SAN FRANCISCO, CA 94110

Monterey Public Library NEE, JIM Nothoff, Annie

Attn: Nancy Quelland 2 2980 E CLIFF DR. #1 National Resources Defense Council

625 Pacific Street SANTA CRUZ, CA 95062 71 Stevenson St. Ste. 1825

Monterey, CA 93940 
San Francisco. CA 94105

Monterey Public Library Neil Abercrombie O'DELL, TONYA

Attn: Nancy Quelland 1440 Longworth HOB 14500 BEAR CREEK RD

625 Pacific Street Washington DC 20515-1101 BOULDER CREEK, CA 95006

Monterey. CA 93940 attn: Alan Yamamoto

MORRIS, WILLIAM/JEANNE NELSON, GALE Oberste-Lehn. Deane

134 PARNELLE ST 1612 BEECHWOOD DRIVE Research Scientist

SANTA CRUZ. CA 95062 1128 MARTINEZ, CA 94553 P.O. Box 369
Menlo Park CA 94026
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Ola Johannessen Patsy Mink Poider. Dick

Nansen Envron. & Remote Sens. Ctr 2135 Raybum HOB State of Hawaii. OSP

Edv. Griegsv. 3A Washington DC 2o515-1102 250 S. Hotel Street

University of Bergen Ast- Melissa UnemDod Honolulu. HI 96813

N-5037 Solheimsviken/Bergen
NORWAY

OUVER. GUY PAUL. JERRY POITER, DIANA

233 NORTHROP PL 302 10TH AVE P0 BOX 1284

SANTA CRUZ. CA 95060 SANTA CRUZ, CA 95062 HANALE, HI 96714

ORSUCH, JANE PAYNE. KATHARINE Quast. Sylvia

R1745 ELLIS HOLLOW RD HHller Ehrman White & McAuliffe

2105 BRANCHORTE DR 3335 ELsS HOLO.R
SANTA CRUZ, CA 95065 ITHACA, NY 14850 333 Bush Sc 1San Francisco CA 941 04-2878

OTTMAN. MARK PAYNE. SAM Quirke, Kelly

1927 HAYES. 92 940 YORK ST Greenpeace

SAN FRANCISCO, CA 94117 SAN FRANCISCO, CA 94110 139 Townsend
San Francisco CA 94107

Pahala Community Shcool Library Pearl city Regional Library Rachel Saunders

P.O. Box 6678 1138 Waimano Home Road Ctr for Marine Conservation

Pahala. HI 6777 Pead City. HI 96782 1039 Benito Avenue
Pacific Grove. CA 93950

Pahoa Community Lbrary PEARLMAN, JIM Rachel Saunders

P.O. Box 16 1745 ALICE ST Ctr foMarne Conservation
Pahoa, HI 96778 SANTA CRUZ, CA 95062 1039 Benito Avenue

SH9Pacific Grove, CA 93950

PAMPERIN, JOHN PETERSON, MICHELLE Rachel Saunders

3329 W. BLOOMFIELD RD 400 MCLAUGHLIN DR Ctr for Marine Conservation

PHOENIX, AZ 85029 2216 SANTA CRUZ, CA 95064 1039 Benito Avenue
Pacific Grove, CA 93950

Pat Tummons PIKE. TOM RAMSEY, LAURA

Environment Hawaii SHELL CREEK POB 833

187-C Hokulani Street SHOUP, 10 83469 APTOS, CA 95001

Hilo, Hawaii 96720

PATAR, R.J. Plenert, Marvin Randy *Duke* Cunningham

420 30TH AVE Regional Director 117 Cannon HOB
SANTA CRUZ, CA 95062 U.S. Fish and Wildlife Svc. Washington DC 20515-0551

Region 1 attn: Lindsay Lloyd

911 Northeast Eleventh
Portland, Oregon 97232-4181
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RANSOM, JENNIFER ROBERTS, JOE Sally Johnson

755 29TH AVE POB 510273 Congressman Farr's Office

SAN FRANCISCO, CA 94121 MELBOURNE BEACH, FL 32951 Monterey District380 Alvarado Street
Monterey, CA 93940

Read, Linda ROBERTSON, LAUREL Salt Lake-Moanalua Library

P.O. Box 16203 Poe 108 3225 Salt Lake Blvd.

San Diego, CA 92170 TOMALES, CA 94971 Honolulu, HI 96818

Regional Administrator ROLETTO, JAN Sam Farr

US EPA NOAANNOS 121'6 Longworth HOB

75 Hawthorne Street FORT MASON. BLDG 201 Washington DC 20515-0517

San Francisco. CA 94105 SAN FRANCISCO, CA 94123 attn: Linda Delgado

REISCHEL, DIANA Ron Packard San Francisco Public Library

BOX 841 2162 Rayburn HOB Attn: Government Documents

MOSS LANDING, CA 95039 Washington DC 20515-0548 Civic Center

attn: Linda Toy Larking & McAllister
San Francisco, CA 94102

REYNOLDS, JOEL Rose, Carol San Francisco Public Library

Nat. Resources Defense Counsel Recording Secretary Attn: Government Documents

6310 SAN VINCENTE BLVD, #250 Central Calif. Council ol Diving Clubs. Inc. Civic Center

LOS ANGELES, CA 90048 P.O. Box 779 Larking & McAllister
Daly City CA 94017 San Francisco, CA 94102

RICE. EDWARD ROSSITER, JR.. JOHN S. SANAG, DANA

PO 2960 BARRETT HALE & GILMAN 26 UNDERWOOD WAY

SANTA CRUZ. CA 95063 999 THIRD AVENUE SAN FRANCISCO, CA 94132

SEATTLE, WA 981104

Rick Paddock ROTT. PETER Santa Cruz Public Library

Los Angeles Times 632 S. CLOVERDALE. #108 attn: govt doc depository

388 Market Street, Suite 1280 LOS ANGELES, CA 90036 224 church street

San Francsico, CA 94111 santa cruz, ca 95060

RINEHART, ROBERTA RUDE. TRISHA Santa Cruz Public Library

3411 14TH AVE, W; #8 295 SEQUOIA RD attn: govt doc depository

SEATTLE, WA 98119 BOULDER CREEK. CA 95006 224 church street
santa cruz, ca 95060

Robert Mazcurek Sally Bianco SARVIS, CARLA

339 Oxford Way 303 Potrero 29-203 4166 20TH ST

Santa Cruz, CA 95060 Santa Cruz, CA 95060 SAN FRANCISCO. CA 94114
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SCHMIDT, ERIK SHERMAN, YEHUDIT SOROKO, LORNA

2805 SMITH GRADE 52 TANGLEWOOD TRAIL 747 MORENO AVE

SANTA CRUZ, CA 95060 SANTA CRUZ, CA 95060 1432 LOS ANGELES, CA 90049

SCHNEIDER, STACY Sherwood, Mike SPENCER. MADELINE A.

2057 FIFTH STREET Sierra Club Legal Defense Fund 138 CHRYSTAL TERRACE

SAN FRANCISCO, CA 94114 180 Montgomery #1400 SANTA CRUZ. CA 95060

San Francisco CA 94104

SCHOBER, CHRISTINE Shirley Taylor SPENCER, STEPHANIE

863 1/2 UNION STREET do Michael Taylor 428 PALM ST

SAN FRANCISCO, CA 94133 65 Pleasant Lane SANTA CRUZ, CA 95060

San Rafael, CA 94901

Seaton, Ph.D., Norman T. SHON, JAMES T. SPRIETSMA, FREDA

Laboratory for Science HOUSE OF REPRESENTATIVES POB 852

2821 9th St. STATE CAPITOL CAPITOLA, CA 95010

Berkeley CA 94710 HONOLULU, HI 96813

SELLMAN, JAMES SIDENSTECKER II, MARIS STALLARD. D.J.

P.O. BOX 184 EAST KEW SAVE THE WHALES 225 WOOD ST

VICTORIA 3102 POB 2397 PACIFIC GROVE. CA 93950

AUSTRALIA VENICE. CA 90291

Senator Daniel Akaka Smaalders. Mark STANSBURY, DINA

3104 Prince Kuhio Fed. bldg Sierra Club Legal Defense Fund FRIENDS OF THE SEA OTTER

P.O. Box 51044 223 South King Street, 4th Floor 2150 GARDEN ROAD, MB4

Honolulu, HI 96850 Honolulu, HI 96813 MONTEREY, CA 93940

attn: michael Kitamura

Sessing, Janice SMITH, GREGORY Starr, Rick

Hawaiian Island Humpback 3884 23RD STREET Sea Grant Extension Program

Whale Nat. Marine Sanct. SAN FRANCISCO, CA 94114 P.O. Box 440
P.O. Box 50186 Moss Landing, CA 95039

Honolulu, HI 96850

Sessing, Janice SMOLKE, ANTHONY State Archivist

NOAA HIHWNMS 415 MORRISSEY State Archives

P.O. Box 50186 SANTA CRUZ, CA 95062 lolani Palace Grounds
Honolulu, HI 96850 Honolulu, HI 96813

SHAW, FRANCES SOARES. PATRICIA State Main Library

1878 MARKET ST. #303 135 D SEMINARY 478 South King Street

SAN FRANCISCO, CA 94102 MILL VALLEY, CA 94941 Honolulu, HI 96813
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STERN, KAREN TEUBRUGGFUCATE, JAN Thomas Webler
12100 SKYLINE BLVD HON. ADVERTISER 132 Farley Road
LOS GATOS, CA 95030 PO BOX 524 Wendell, MA 01379

UHUE, HI 96766

Steve Drown TEVES, ALICIA Tom Collins

University of CA, Office of Gen. Counsel 6411 E KAWAIHAU RD UCSD Mail code 0210

3000 Lakeside Drive, 7th Floor KAPAA, HI 96746
Oakland, CA 94612-3550

STRICKER, FRAN The Honorable Daniel Akaka Tom Norris

Animal Protection Institute 720 Hart Senate Office Bldg. P.O. Box 147

P.O. Box 22505 Washington DC 20510 Moss Landing Labs

Sacramento, CA 95822 Attn: Patrick McGarey Moss Landing. CA 95039

STUART. KIMBERLEE The Honorable Daniel Inouye TURNER, FAY

BOX 283 SH-722 Hart Bldg. 721 BAY ST, #13

ANAHOLA, HI 9670 Washington DC 20510-1102 SANTA CRUZ, CA 95060
attn: Margaret Cummisky

STUART. PAUL The Honorable Daniel Inoye TURNER, J.

2016 GRANT ST 300 Alamoaha Blvd, Room 7325 419 23RD AVENUE

BERKELEY, CA 94703 Honolulu, HI 96850 SAN FRANCISCO, CA 94114
Attn: George Steuer

Superintendant The Honorable Neil Abercrombie Tyack, Peter

Department of Education P.O. Box 50143 Stanford University

1390 Miller Street Honolulu, HI 96850 Ctr for Advanced Study in the

Honolulu, HI 96813 attn: Steve Beaudry Behavioral Sciences
202 Juniper Serra Blvd.
Stanford, CA 94305

Susan Jordan The Honorable Patsy Mink TYNER, ROBIN

805 23rd Street P.O. Box 50124 R.R. #2. BOX 3487

Manhattan Beach, Ca 90266 Honolulu, HI 96850 BOWDOINHAM, ME 04008
Attn: Colleen Saiki

Sykes, Sarah The Honorable Ron Brown, Secretary U.S. Army Engineers, Pacific Ocean

P.O. Box 370 U.S. Department of Commerce Attn: Environmental,. Bldg 230

Kaunakakai, HI 96748 14th and Constitution Ave., N.W Rm 5858 Ft. Shafter, HI 96858-5440
Washington, DC 20230

TADEUSIK, STEVEN Thelma Parker Memorial Library U.S. Fish & Wildlife Service

860 OAK STREET, #10 P.O. Box 698 300 Ala Moana Blvd.. Room 5302

SAN FRANCISCO, CA 94117 Kamuela, HI 96743 Honolulu, HI 96813
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UCSD Central Ubrary Vincent Kierman Waipahu Public Library

Attn: Govt. Documents 4600 Duke Street, Suite 1525 94-521 Farrington Highway

University of California at San Diego Alexandria. VA 22304 Waipahu, HI 96797

.Dept. 0175-C
9500 Gilman Drive
La Jolla. Ca 92093-0175

UCSD Central Ubrary VITA, STEWART WALLACE. JESSE

Attn: Govt. Documents 5150 TRENHOLME 2038 20TH AVENUE

University of California at San Diego MONTREAL H4V 1YS SAN FRANCISCO. CA 94116

Dept. 0175-C CANADA
9500 Gilman Drive
La Jola. Ca 92093-0175

University of Hawaii Vitta, Stewart WALLERSTEIN, PETER

Hamilton Library 5150 Trenn Lane WHALE RESCUE TEAM

2550 The Mall Montreal, CANADA H4V1Y5 115 S. TOPANGA CANYON BLVD. #129

Honolulu, HI 96822 TOPANGA, CA 90290

VAN DEVEER, CATHERINE Wahiawa Public Library Wanda Ochoa

P.O. BOX 1585 820 California Avenue Press Room, Court Admin. Bldg.

HANALEI, KAUAI, HI 96714 Wahaiwa, HI 96786 70 West Hedding Street
San Jose, CA 95110

VAN ECK. HEIDI Waialua Public Library WAPLES. DARIA

626 24TH AVENUE 670068 Kealohanui Street 255 VIA SAN ANDREAS

SAN FRANCISCO. CA 94121 Waialua, HI 96791 SAN CLEMENTE, CA 92672

VanVelsor. Kathleen Waikiki-Kapahulu Public Library WATERS, MICHELLE

Coastal Advocates 400 Kapahulu Avenue POB 7339

236 North Santa Cruz Ave.. Suite 241 HonoluluHI 96815 SANTA CRUZ, CA 95060

Los Gatos, CA 95030

VENUS Wailuku Public Library Webster, Steve

BOX 1405 251 High Street Monterey Bay Aquarium

HANAEI, HI 96714 Wailuku, HI 96793 886 Cannery Row
Monterey CA 93940-1085

Vicki Nichols Waimanalo Public Library WEEKS, STEPHEN

Save Our Shores 41-1320 Kalanianaole Highway UNIVERSITY OF GEORGIA

P.O. Box 1560 Waimanalo, HI 96795 DRAWER E

Santa Cruz, CA 95061 AIKEN, SC 29802

VIGNE. JEANETTE Waimea Public Library WElL. LISA

3422 SHERBOURNE DR P.O. Box 397 AMERICAN OCEANS CAMPAIGN

CULVER CITY, CA 90232 Waimea, HI 96796 725 ARIZONA AVENUE, #102
SANTA MONICA, CA 90401
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WElL. LISA Whitehead, Hal ZIEGLER, CHRISTINE

AMERICAN OCEANS CAMPAIGN Department of Biology 332 41ST ST

725 ARIZONA AVENUE. #102 Dalihousie University SACRAMENTO, CA 95819
SANTA MONICA. CA 90401 Halifax Nova Scotia B3H 4J1

CANADA

Welch-Burman, Dorris WIBLE, JOE
Chair, Education Advisory Comm OCEAN VIEW BLVD
Ed. Dir., Long Marine Lab, UCSC PACIFIC GROVE, CA 93950
100 Shaffer Road
Santa Cruz, CA 95060

WELLER, DAVID W. WICKHAM, JACK
TEXAS A&M GALVESTON 3445 LAZARRO DR

4700 AVE U, BLDG 303 CARMEL, CA 93923
GALVESTON, TX 77551

Wendy Zimmerman WILDER, NANCY
Humane Society of the U.S. 2741 MOUNTAINGATE WAY

2100 L Street, N.W. OAKLAND, CA 94611
Washington, DC 20037

Werner Morawitz William Van Peeters
PORD - UCSD 0230 U.S. Navy - Code O9F2WP
9500 Gilman Drive Western Div. . Naval Facilities Engr. Comm.

La Jolla, CA 92093-0230 900 Commodore Drive
San Bruno, CA 94066-2402

WEST, PETER WILLIAMS, MICHAEL B
706 DIAMOND STREET 301 CACUESTA
SAN FRANCISCO, CA 94114 SCOTTS VALLEY, CA 95066

WHITE, DAPHNE WOOD, JENNIFER/SANDY
3113 BISHOP AVE 28832 SHADY LANE
PACIFIC GROVE, CA 93950 LAGUNA BEACH, CA 92651

WHITE, MARIE ZAHORSKY. CAROL
25870 HUTTON RD POB 2058
CARMEL, CA 93923 KIHEI, MAUI, HI 96753

WHITE, SUSIE ZAIDMAN, STACEY
1118 MAUNAWILI ROAD 106 PARNASSUS, #5
KAILUA, HI 96734 SAN FRANCISCO, CA 94107
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LIST OF ACRONYMS & ABBREVIATIONS & GLOSSARY OF TERMS

List of Acronyms & Abbreviations

AATSR Advanced Along Track Scanning Radiometer
ADL Acoustic Data Logger
AIC Ailkaike's Information Criterion

ALACE/PALACE (Profiling) Autonomous Lagrangian Circulation Explorer
AN Ambient Noise.
ARPA Advanced Research Projects Agency

ATOC Acoustic Thermometry of Ocean Climate
ATOC(AET) Acoustic Thermometry of Ocean Climate (Acoustic Engineering Test)
ATSR Along Track Scanning Radiometer
AVHRR Advanced Very High Resolution Radiometer
AVLA Autonomous Vertical Line Array
BT Bathythermograph
CAG Community Advisory Group (Kauai)
CDUP Conservation District Use Permit

CEQA California Environmental Quality Act
CEROS Center for Excellence for Research in Ocean Science
COE (U.S. Army Corps) of Engineers
CPA Closest. Point of Approach

CPY Current Potential Yield
CTD Conductivity-Temperature-Depth

CZMA Coastal Zone Management Act
CZMP Coastal Zone Management Program
DAS Data Acquisition System
DAT Digital Audio Tape
dB Decibel
DEIS Draft Environmental Impact Statement
DLNR Department of Land and Natural Resources
DMAHJTC Defense Mapping Agency Hydrographic/Topographic Center
DO Dissolved Oxygen

DoD Department of Defense
DOH Department of Health
DOT Department of Transportation
DSL Deep Scattering Layer
EEZ Economic Exclusion Zone
EIR Environmental Impact Report (Calif.)
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EIS Environmental Impact Statement
EPA Environmental Protection Agency
ERM Exact Repeat Mission
ERS Earth Resources Satellite
ESA Endangered Species Act

ETP Eastern Tropical Pacific
FAD Fish Aggregating Device
FEPE Finite Element Parabolic Equation

FLIP Floating Instrument Platform

FNMOC Fleet Numerical Meteorology and Oceanography Center
FWS Fish and Wildlife Service

GAMOT Global Acoustic Mapping of Ocean Temperatures Program
GCM Global Climate Model
Geosat-ERM Geosat-Exact Repeat Mission
GPS Global Positioning System

HAS Hawaii Audubon Society
HDBED Hawaii Dept. of Business & Economic Development
HEPA Hawaii Environmental Policy Act
-IF High Frequency (10-1000 kHz)

HIIFT Heard Island Feasibility Test
HIHtWNMS Hawaiian Islands Humpback Whale National Marine Sanctuary
HiTS Historic Temporal Shipping (Density Model)
HLA Horizontal Line Array

HOMRC Hawaiian Ocean and Marine Resources Council
HORMP Hawaii Ocean Resources Management Plan
HRPT High Resolution Picture Transmission

-RS Hawaii Revised Statutes
HSWRI Hubbs Sea World Research Institute

HURL Hawaii Undersea Research Laboratory
Hz Hertz (cycles per second)
IAP (Russian) Institute of Applied Physics
IUSS Integrated Undersea Surveillance System
JACADS Johnston Atoll Chemical Agent Disposal System
KCC Kauai Community College
km kilometer(s).
Leq Level equivalent (source level)
LF Low Frequency (100-1000 Hz)
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LFS Low Frequency Sound

LTPY Long-term Potential Yield

In meter(s)

MF Medium Frequency (1-10 kHz)

MIT Massachusetts Institute of Technology

MMC Marine Mammal Commission

MMPA Marine Mammal Protection Act

MM Marine Mammal Research Program

MYRPAB Marine Mammal Research Program Advisory Board

MMS Minerals Management Service

MODIS Moderate-Resolution Imaging Spectroradiometer

MRT MMRP Research Team

NASA National Aeronautics and Space Administration

NAUI National Association of Underwater Instructors

NAVOCEANO Naval Oceanographic Office

NEPA National Environmental Policy Act

nm nautical mile(s)

NMFIS National Marine Fisheries Service

NMML National Marine Mammal Laboratory

NOA Notice of Availability

NOAA National Oceanic and Atmospheric Administration

NOI Notice of Intent

NOTAM Notice to Mariners

NPTZ North Pacific Transition Zone

NRL Naval Research Laboratory

OCEA Office of Conservation and Environmental Affairs

OCRM Office of Coastal Resource Management

OEQC (Hawaii) Office of Environmental Quality Control

OLS Operational Line Scanner

OMZ Oxygen Minimum Zone

ONR Office of Naval Research

OSHA Occupational Safety and Health Administration

OSP (Hawaii) Office of State Planning
OTEC Ocean Thermal Energy conversion

OTIS Ocean Thermal Interpolation System

OTTED Office of Technology Transfer and Economic Development (Hawaii)

PADI Professional Association of Divers International
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PALACE Profiling Autonomous Lagrangian Circulation Explorer

PE Parabolic Equation

POA&M Plan of Action and Milestones

POBSP Pacific Oceanic and Biological Survey Program

ppt parts per thousand

PRSG Pacific Regional Scientific Review Group

PTS Permanent Threshold Shift

RAY Recent Average yield

RL Received Level

ROV Remotely Operated Vehicle

SCORP State Comprehensive Outdoor Recreation Plan

SERDP Strategic Environmental Research & Development Program

SIO Scripps Institution of Oceanography

SL Source Level

SLTDR Satellite-Linked Time/Depth Recorder (animal tag)

SMA Shoreline Management Agency

SMMEIR Scanning Multi-channel Microwave Radiometer

SNR Signal to Noise Ratio

SOFAR Sound Frequency and Ranging

SOSUS Sound Surveillance System

SPL Sound Pressure Level

SRD Sanctuaries and Reserves Division (NOAA)

SRP Scientific Research Permit

SSH Sea Surface Height

SSI Seafloor Surveys International

SSP Sound Speed Profile

SST Sea Surface Temperature

SWFSC Southwest Fisheries Science Center

TDR Time/Depth Recorder (animal tag)

TOPEX (Ocean) Topography Experiment

TTS Temporary Threshold Shift

UCSD University of California, San Diego

U-F Ultra High Frequency(> 1000 kHz)

VHF Very High Frequency (>100 kHz)

VIRR Visible and Infrared Radiometer

VISSR Visible Infrared Spin-Scan Radiometer

VLA Vertical Line Array
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VRT VHF Radio Tag

WHOI Woods Hole Oceanographic Institute

WMO World Meteorological Organization

XBT Expendable Bathythermograph

XCTD Expendable Conductivity-Temperature-Depth

ZOI Zone of Influence
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Glossary of Terms

acoustic energy The energy of an acoustic wave, measured in joules or
watt-seconds.

acoustic power The energy per unit time, measured in watts. Acoustic
power is proportional to acoustic pressure squared.

acoustic pressure Pressure variations around an ambient static pressure (such
as the hydrostatic pressure in water at some depth) at
acoustic frequencies.

ambient noise level (AN) The composite noise from all sources in a given
environment excluding noise inherent in the measuring
equipment and platform.

auditory sensitivity An animal's hearing sensitivity as a function of frequency.

auditory threshold The minimum amplitude of sound that can be perceived by
an animal in the absence of significant background noise.

bandpass filter A filter with high- and lowpass cutoff frequencies to pass
only a band of frequencies.

beneficial impact Impact conducive to the promotion of well-being.

- critical band The frequency band within which background noise can
effect detection of a sound signal at a particular frequency.

cylindrical spreading Sound spreading for cylindrical waves. The transmission
loss for cylindrical spreading is given by 10
loglo(Range/Ro), where R. is some reference range. The
received level diminishes by 3 dB when range doubles, and
by 10 dB for a tenfold increase in range.

cylindrical wave A sound wave whose fronts are cylindrically shaped. For a
point source in shallow water, a cylindrical wave forms at
distances large compared to the water depth because of the
way reflected sound from the surface and bottom reinforces
the direct wave.

decibel (dB) A logarithmically based relative pressure of sound strength.
A sound pressure P can be expressed in dB as a sound
pressure level of 20 log 10(P/P ,), where P ref is a reference
pressure (usually a standard pressure like 1 p.Pa). Note that
20 log(X) is the same as 10 log(X 2), where X2 is the mean
square sound pressure and is proportional to power,
intensity or energy.
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delay The time in seconds by which one waveform lags behind
another. For example, reflected sound will usually be
delayed in reaching a receiver compared to directly
traveling sound.

Doppler shift The change in the frequency of a received signal caused by
motion of the source, the receiver, or both.

duty cycle The percentage of time a given event or activity occurs.
The term is usually applied to a periodic activity; i.e., an
activity in which the on-off cycle repeats with the same
duration of each cycle.

fathom The common unit of depth in the ocean, equal to six feet (or
1.83 m).

frequency The rate at which a repetitive event occurs, measured in
Hertz (cycles per second).

Hertz Cycles per second.

hydrophone A transducer for detecting underwater sound pressures; an
underwater microphone.

infrasonic A term used to refer to sound energy at frequencies too low
to be audible to humans - generally, frequencies below 20
H~z.

masking The obscuring of sounds of interest by stronger interfering
sounds.

minimal impact Constituting the least possible degree of impact.

octave band A frequency band whose upper limit in Hertz is twice the
lower limit.

peak level The sound level (in dB) associated with the maximum
amplitude of a sound.

point source A point from which sound is radiated, useful in describing
source levels by a pressure level at unit distance.

propagation loss The loss of sound power with increasing distance from the
source. Identical to transmission loss. It is usually
expressed in dB referenced to a unit distance, like 1 m.
Propagation loss includes spreading, absorption and
scattering losses.
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reflection The physical process by which a traveling wave is returned
from a boundary. The angle of reflection equals the angle
of incidence.

refraction The physical process by which a sound wave passing
through a boundary between two media is bent. Refraction
may also occur when the physical properties of a single
medium change along the propagation path.

scattering The irregular reflection, refraction or diffraction of sound in
many directions.

shadow zone The region in which refraction effects cause exclusion of
sound.

sound channel A horizontal layer which is bounded by levels at which the
velocity of propagation is greater than at any depth within
the layer.

sound pressure level (SPL) The measure in decibels of sound pressure. The common
unit is dB re 1 1Pa.

source level (SL) A description of the strength of an acoustic source in terms
of the acoustic pressure expected a hypothetical reference
distance away from the source, typically 1 m. SL is given
in unites of dB re 1 ttPa-m.

spherical spreading Sound spreading for spherical waves. The transmission
loss for spherical spreading is given by 20 log 10(Range/R 0) 9
where Ro is some reference range. The received level
diminishes by 6 dB when range doubles, and by 20 dB for a
tenfold increase in range.

spreading loss The loss of acoustic pressure with increasing distance from
the source due to the spreading waveforms.

threshold of detectability The level at which a sound is just detectable.

traffic noise That portion of ambient noise which is caused by shipping.

transducer A device for changing energy in one form (i.e., mechanical)
into energy in another form (i.e., electrical).

transmission loss (TL) The loss of sound power with increasing distance from the
source. Identical to propagation loss. It is expressed in dB
referenced to a unit distance, like 1 m.

ultrasonic Sound energy at frequencies too high to be audible to
humans - generally, frequencies above 20,000 Hz.
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waveform The functional form, or shape, of a signal or noise vs. time.

wavelength The length of a single cycle of a periodic waveform. The
wavelength L, frequency f and speed of sound c are related by
the expression c = f 1.
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RESEARCH PROTOCOL

KAUAI MMRP PILOT STUDY RESEARCH PROTOCOL
OUTLINE

1. EXPERIMENTAL OVERVIEW

A. Opportunistic Expriment Methodology

B. Randomized Experiment Methodology

C. Research Methodology Matrix
1. Source Shut-Down Guidelines

H. PROPOSED MEASUREMENTS

A. Vessel-Based Visual and Acoustic Monitoring
1. CTD/XBT Casts.
2. Passive Acoustic Monitoring with a VLA.
3, Visual Monitoring

B. Passive Acoustic Monitoring with Source-Mounted VLA
1. Detection of Vocalizing Mysticetes
2. Leq Analysis.
3. Transmission Loss (TL) Model Capability.

C. Shore-Based Visual Surveys
1. Detection and Tracking of Mysticetes, Odontocetes and Sea Turtles; and

Other Noise Sources.

D. Aerial Behavioral Observations
1. Detection and Tracking of Mysticetes, Odontocetes and Sea Turtles
2. Received Level (RL) Acoustic Measurements via Sonobuoy

E. Aerial Surveys
1. Population Counts of Mysticetes, Odontocetes, Pinnipeds and Sea Turtles;

and Other Noise Sources (Study Area and State-Wide).

F. Plyback Studies
1. Humpback whales off Kona coast of Big Island.

m. REAL-TIME ANALYSIS OBJECTIVES AND SCHEDULE

A. Statistical Methods

IV. STATISTICAL POWER ANALYSES
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KAUAI MMRP PILOT STUDY RESEARCH PROTOCOL

I. EXPERIMENTAL OVERVIEW

An MMRP Pilot Study during which any and all use of the Kauai acoustic thermometry
project source is controlled by MMRP scientists will be conducted. This is to allow marine
mammal biologists the opportunity to conduct a series of acoustic experiments (i.e., source
transmissions), using the project source as the acoustic signal type. The duration of this pilot
study will encompass the field season for humpback whales in the Hawaiian Islands, but will
commence shortly after issuance of a Scientific Research Permit (SRP). This protocol has been
designed to obtain data that will provide critical evidence concerning the potential effects of low
frequency acoustic transmissions on marine animal behavior and distribution. Baseline
behavioral data for humpbacks, as well as aerial survey data on marine mammals, collected
during 1993, 1994 (see Appendix G), and 1995 seasons, will be compared with results from the
proposed acoustic experiments. 1995-96 data will be collected by 6 means: two primary
observation platforms (shore-based visual observations and aerial behavioral observations); and
three secondary support platforms (vessel-based visual and acoustic monitoring, a source-
mounted vertical line array [VLA], and aerial surveys). In addition, playback studies on
humpback whales will occur off the Kona coast of the Big Island. Utilization of an experimental
protocol with controls and replication will increase the ability to detect potential acute or short-

-term effects (Table C-i) of low frequency sound transmissions on marine animals. The MMRP
Director will report all research results to NMFS. These results will also be reviewed by ARPA,
Scripps, the Marine Mammal. Commission (MMC), the MIMRP Advisory Board, a designated
public Kauai Community Advisory Group (CAG), and other interested scientists.

A 6-10 month study period is proposed, beginning approximately in the Aug/Sep 1995
timeframe, and continuing through March/April 1996. If the start is delayed, the Pilot Study
would be contracted to a minimum of approximately 6 months. This timing is chosen to
maximize opportunities with the focal species (humpback whales) and other less abundant
species in the area off the north shore of Kauai. The source will always be operated with the
standard transmission waveform and profile of 5 min ramp-up and 20 min signal duration. This
profile will be maintained for all transmissions to remove signal duration as a variable in
analyses. The following parameters will be experimentally varied by the MMRP Research Team
(MRT):

• Start time
• Source power level (0=off (control), 185 dB=Medium, 195 dB=High; re 1

imPa at 1 m)
Repetition rate, x (2_<x<48 hr interval between transmissions)

During the post-Pilot Study phase, a MMRP research effort would continue, probably
including all or most of the described methodologies, but perhaps involving reallocation of effort
among techniques to optimize the assessment capabilities (given what would by then have been
learned during the Pilot Study).

C-2



RESEARCH PROTOCOL

A. Opportunistic Exeriment Methodolog

The marine mammal research team ('MRT) Leader (Dr. C. W. Clark/Dr. A. Frankel, of
Cornell University Bioacoustics Research Program) will have either continuous radio or direct
contact with each of the field teams to determine which of them have obtained adequate pre-
exposure observation data on focal animals. Observers will know that a transmission period is
underway, but will not know if it is at 0 (control), 185, or 195 dB level, since the transmission
type will be randomized. Based on previous humpback whale observation efforts (Smultea et al.,
1994) at least 25 min of pre-exposure observation data are considered necessary for comparing
differences between behaviors prior to, during, and after an acoustic experiment. On any given
day, the objective will be to time an experimental transmission period to coincide with at least
one of the two primary observation platforms that has obtained sufficient pre-exposure data
(shore-based visual platform or aerial behavioral observation platform), such that roughly equal
numbers of transmissions are associated with each of the two platforms. This process of
choosing the platform to which the transmission is timed will be achieved by randomizing the
order of priority for the platforms - i.e., there will be a sequence of randomized lists, where each
list has the two types of observation platforms. The MRT Leader will attempt to time the
experiment with the primary observation platform on the list. If this proves to be impossible
(e.g., due to poor weather conditions or lack of focal animals), the MPT Leader will attempt to
time the experiment with the other primary observation platform. Night-time experiments will
be conducted in conjunction with the source-mounted VLA because it is the only one that can
operate under darkness. By this operating procedure, the MRT Leader will determine when the
source transmits, based on his knowledge of what is happening at each of the research platforms,
where the decision will be based on observation conditions (weather, sea state, etc.) and context
(focal group type, distance from source site, etc.). All observation personnel will remain "blind"
to the experimental context (off vs. transmission) and the type (source level: 0 (control], 185,
195 dB for June-October/November data collection when humpbacks are not present; then 0
[control] and 185 dB for approximately the first 4 weeks of the humpback season [November/
December]). If no acute or short-term responses (Table C-i) are observed during this period, the
source level options thereafter would be 0 (control), 185, and 195 dB. The goal would be to
obtain roughly equal sample sizes of data during the four week (approximate) phase (0 [control]
vs. 185 dB); and also thereafter (0 [control] vs. 185 dB vs. 195 dB).

The start time for an experiment can be determined two ways; the first is strictly
opportunistic, and the second is from a Randomized Transmission Table (RTT) of potential
transmission times for each day, covering the entire season (see paragraph I.B. below). An
opportunistic time for transmission is selected if: a) at least one of the primary observation
platforms has obtained adequate pre-exposure data, and b) transmission times on the RTT for
that date do not coincide with the field situation in such a way that would result in a loss of
transmission opportunity. In this case, the MRT Leader can initiate an experiment with a start
time that is not part of the RTT schedule. Otherwise, the appropriate time from the RTT is
selected. To initiate a transmission, the MRT Leader will contact, via modem, the computer that
contains the RTT schedule and all experimental data types. This computer resides at Barking
Sands, and controls the actual signals transmitted by underwater cable to the source site. The
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MRT Leader will then key in the appropriate codes to activate a transmission at the selected time
and with the appropriate source level.

The MRT Leader will retain the authority to use his discretion in timing transmissions
(within the 2-48 hr window) to increase opportunities to collect data on animals close to the
source site and/or on species that are rarely observed but for which experimental observations are
considered important (e.g., sperm whales). Scan samples are typically carried out prior to, and
subsequent to, each focal group observation; i.e., they are not scheduled. The MRT Leader will
have knowledge of the level of scan-sampling and focal observations for each team, to ensure
that over the course of the Pilot Study, adequate data collection occurs during:

• 25 min prior to start of the 5 min ramp-up
* 5 min ramp-up
* 20 min transmission
• 25+ min after the 20 mrin transmission

The aim of this experimental approach is to provide adequate sample sizes so that the
data can be used to test for the significance of differences in a suite of behavioral parameters
collected under control and experimental conditions. Each observation platform provides a
different type of coverage; differences primarily relate to area and time of day. Thus, shore-
based visual observation covers the nearshore area out to a range of approximately 5-8 kin,
depending on station altitude, sea state and visibility conditions, and aerial observation methods
collect detailed focal group data from animals that could inhabit the entire north shore area. By
utilizing and coordinating the data from the different platforms under control and experimental
conditions, behavioral information will be available that will allow the team of trained marine
mammal biologists to evaluate the potential effects of the source on marine animals. This same
team will be responsible for detecting and evaluating whether any acute or short-term effects
(Table C-1) are associated with the source transmissions.

In the case of canceling an opportunistic experiment transmission, the MRT Leader will
contact Barking Sands and cancel the transmission.

B. Randomized Experiment Methodology

The MRT Leader will develop by month a RTT, which will include a look-up table of
dates, times and source levels to be transmitted. Each experimental transmission will be given a
numeric designation (year-month-transmission #; e.g., 95-10-06 = 6th transmission for October
1995). All three experimental parameters will be randomized, within the framework of
established guidelines. stated above. Barking Sands will receive the month's RTT at least two
weeks early, which will allow enough time for discussions and comments with the MRT Leader,
if required.

These randomized transmissions are meant to be superimposed on the opportunistic
experiments, but will be conducted only if initiated by the MRT Leader. In most cases the
opportunistic experiments will take precedence over the randomized transmissions. The final
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determination will be the responsibility of the MRT Leader, in consultation with the field teams.
This will require an open-line communication link between Barking Sands and the Princeville
MRT house, via both modem and voice (telephone).

The significance of the RTI" schedule is the juxtaposition of an unknown transmission
schedule during routine observations. This makes all the data collectors "blind" to the
experimental condition and, therefore, as unbiased as possible. In the case of opportunistic
transmissions, the signal type (185 dB, 195 dB and no sound) is randomized so that the observers
remain unbiased, even though they know that a transmission period is underway. In the case of
the RTT, the randomization applies to the periods of time (as well as the signal type) when the
transmission might occur. This also allows some baseline network receivers to be programmed
to collect long-range acoustic data on a not-to-interfere basis with the MMPRP Pilot Study.

In the case of canceling a randomized transmission, the MRT Leader (the only person on
site who has knowledge of the RTT schedule) will call Barking Sands and cancel the
transmission.

C. Research Methodology Matrix

Table C-1 is the Kauai MIVIRP Research Methodology Matrix. It indicates which
potential marine animal response data can be collected by the different research data collection
methods. It also indicates whether the method provides a primary capability, a potential/limited
capability, or no capability.

1. Source Shut-Down Guidcelines

If at any time an MIvIRP Research Team (MRT) member positively identifies the
occurrence of an acute or short-term effect (Table C-I), the information would be immediately
communicated to the MRT Leader (Dr. C. Clark/Dr. A. Frankel, both of Cornell University
Bioacoustics Research Program). If the MRT Leader ascertains that an acoustic transmission
(i.e., during the 5-min ramp-up or the 20-min transmission) coincided with the observed
response, he/she would contact the Barking Sands shore termination site and Scripps, and
suspend source operations immediately until further notice. The MRT Leader would collate all
pertinent information relative to the incident and [if Dr. Frankel was the acting MRT Leader]
contact the MMRP Director (Dr. C. W. Clark, Cornell University) and NMFS (Office of
Protected Resources; A. Terbush or J. Drevenak) to inform them of the situation. NMFS, in
consultation with the MMRP Director, would make the determination as to the severity of the
situation, based upon the knowledge of the species type, the animal's location relative to the
source, the source level at the time of the incident, the estimated received level at the animal,
whether there were any other noise sources in the vicinity, etc. Based upon analysis of the
information supplied, NMFS would direct that one of the following options be executed:
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* Continue experiment as planned;
* Continue experiment with modifications to maximum source level or repetition

rate; or
* Suspend experiment pending consultation with Scripps and NMFS.

Regardless of the decision, within 24 hr a written summary of the incident would be
forwarded to ARPA, Scripps, NMFS, the MMC, the MMRP Advisory Board Chairman, and the
Kauai CAG.

I. PROPOSED MEASUREMENTS

A. Vessel-Based Visual and Acoustic Monitoring

During the Pilot Study when no humpback whales are present, vessel-based visual and
acoustic monitoring will be performed on an opportunistic basis from the 5.5 m MALOLO (built
in 1986, powered by two 70 hp Mercury outboard motors).

1. CTD/XBT Casts.

Attempts will be made to outfit the vessel with both Conductivity-Temperature-Depth
(CTD) and Expendable Bathymetric-Temperature (XBT) capability. The CTD system would be
a SeaBird Model 19 with 256K RAM and the cability of downloading directly to a PC. The data
can be manipulated, plotted and stored using SeaBird software. CTDs and XBTs will be used
during relatively calm weather (<SS3). XBTs can be used at any time, as the vessel does not
need to be stopped, whereas the vessel must be drifting to deploy the CTD system.

These data will be included in the daily encoded computer input data set, to be
downloaded to the main computer system at the Princeville MRT house daily. CTD/XBT data
points will be input into the PE model for acoustic performance prediction analysis when new
data warrants (e.g., after storms).

2. Passive Acoustic Monitoring with a VLA.

Physical acoustic recordings will be collected with a 81 m calibrated VLA of
approximately 4 hydrophones. The array will be deployed from the MALOLO, which will have
a GPS unit onboard. The U.S. Coast Guard is supposed to begin broadcasts of differential
correction information by 1996; failing this, post-processing will have to be used to gain
positional accuracy. Recordings of ambient noise--including other noise sources, marine animal
vocalizations, and ATOC source received levels--will be made on a multi-channel DAT recorder.
Recording samples for ambient noise and RLs will be taken from a set of approximately 20 fixed
stations, located at specific ranges and bearings from the source site, with at least three samples
taken from each of the stations during the course of the Pilot Study. Ambient noise
measurements will be oriented, whenever possible, toward measuring the radiated noise from
non-project vessels in the area. Such measurements are necessary for making an assessment of
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possible behavioral response due to vessel noise, and will be an important component of all the
other acoustic studies being conducted. Historically, off the north shore of Kauai, most vessel
traffic is local small boats, which go not normally operate in sea states > 5. More vessels operate
during low sea states (_5 3); this vessel operation bias will reduce the dynamic range of ambient
noise levels somewhat. Any cetacean vocalizations (including sperm whales) picked up at this
time will also be included in the data sets. The frequency limit of the multi-channel DAT
recorder is dependent upon the number of channels used; dividing the available bandwidth into 4
channels gives a 10 kHz upper limit, 8 channels - 5 kHz. A second DAT recorder will also be
used, to record only 2 channels, up to 17 kHz (for small cetacean vocalizations). Time is
encoded onto the DAT tape directly, which will be used to tie in the time-encoded GPS data.
The unit planned to be used can store approximately 9000 fixes, with time stamps.

The primary opportunity for marine animal acoustic data collection will occur when the
team members have visual contact and are able to deploy the array opportunistically. 'Because
the array hydrophones are omnidirectional, under optimal conditions (i.e...>_ 10 dB signal-to-
noise ratio [SNR]) it could effectively detect humpbacks out to 10-12 km radius, and small
cetaceans out to about 3 km radius, around the sample station. The VLA will be moved from
place to place, with all measurements made while the boat motors are off and it is as stationary as
possible to minimize flow noise. The VLA may be retrieved (by hand) during'the course of the
day while the boat is offshore, but probably not too often. There is no possibility of using the
VLA to monitor at night. The data that will be collected includes:

Identification of vocalizations of cetaceans (this facilitates the
identification of humpback whales present, but in order for other cetaceans
to be detectable, they would have to be vocalizing above the "humpback
noise floor," meaning they would likely have to be close enough to be in
visual range in order to be recorded)

* Signal patterns and rates of vocalizations.

These data will be used to determine the acoustic activities of cetaceans relative to the
distance from the source site, and compare the experimental vs. control periods. The ambient
data sets will allow mapping of the ambient noise levels in the area, to be collated with visual
data sets of other noise sources. The RL data will allow mapping of the surface acoustic field of
the projected signal.

3. Visual Monitoring

Visual monitoring from the MALOLO will be conducted on a continuous, but
opportunistic, basis during offshore periods. No specific transect lines would be run; however,
whenever possible the following data would be collected: bearing and distance to animal(s),
species, number per sighting, direction of travel, behavior (e.g., slow swimming, fast swimming,
surface resting), location, and environmental data (sea state, cloud cover, sea surface
temperature, and water depth). These data will be used to help determine species composition
and de~nsity, and activities of the marine animals in the area. Data regarding species composition,
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density, and behaviors of marine animals sighted before source transmissions would be
compared with data collected during and after transmission periods.

B. Passive Acoustic Monitoring with Source-Mounted VLA

I. Detection of Vocalizing Mysticetes

The ATOC source vertical line array (VLA) is 100 m long, made up of four REFTEK
100H78A hydrophones, spaced at 33 m, with the following acoustic specifications: 1) sensitivity
(Rs) -196 dbV re I V; 2) attenuation (Total) 1.5 dB; 3) noise bandwidth (NBW) 0-200 Hz; 4)
amplitude bandwidth (ABW) 0-1000 Hz; 5) amplifier gain (G) 74 dB; 6) noise crest factor
(NCF) 3 dB; maximum SNR approximately 22.5 dB. The array is buoyed up from the source by
a syntactic foam float. Thus, each of the four hydrophones has a calibrated frequency response
within the 10-1000 Hz band, and acoustic data from the array would be available 24 hrs a day
(less the 25 min [5 min ramp-up + 20 min transmission] transmission periods). This array has no
array gain and whale detections will be impacted by any nearby shipping. If one can measure
received level at the animal directly, using transmission loss models, one can estimate the likely
band of ranges in which the whale is located. This will be more complicated because azimuthal
dependence must be accounted for.

Under optimum acoustic conditions (i.e., > 10 dB SNR), the VLA should allow for
detection of vocalizing whales out to approximately 20-40 km. Continuous acoustic recordings
of all four channels would be provided by the Applied Physics Laboratory (University of
Washington, Seattle), which is responsible for the collection of data from the array. Bioacoustic
analysis of these data would be accomplished using an advanced version of the Cornell Canary
system (Frankel, 1994). This system is equipped with selectable sampling rates from 100 to
12,000 Hz, and real-time spectographic display of up to eight channels. Using this system,
bioacoustic activity would be monitored, identifying sounds by species, and characterizing these
signals by their vocal features and rates of occurrence. Comparisons of features and rates (both
prior to and after transmissions) would be accomplished using parametric and non-parametric
statistics, following known bioacoustic analyses procedures used and developed at Cornell's
Bioacoustics Research Program facility.

The acoustic sampling protocol would coincide with aerial surveys for comparison.
Marine mammal distribution and behavior would be examined in relation to measured or
estimated sound exposure (ATOC and other noise sources). Sound levels at animal locations
would be estimated based on received sound levels at the array, whale and source locations, and
a validated acoustic propagation loss model (e.g., FEPE). Ambient sound field data (including
shipping noise) would also be collected during the Pilot Study, and follow-on MMRP research
period. An important component of understanding the potential responses of animals to the
ATOC sound source is an understanding of the existing natural and human-made low frequency
noises the animals are subjected to on a regular basis (e.g., storms, ships, fishing vessels). Such
data are essential for the informed management of marine resources, independent of the MMRP
research program. The MMRP Research Team would attempt to differentiate the potential
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effects of the ATOC transmissions from shipping noise through signal recognition techniques
and time/space correlation of ship tracks (from aerial surveys) with VLA-received noise levels.

The application of source VLA hydrophones has the potential of providing long-term
monitoring of the vocal behavior of nearby mysticetes in the vicinity of the Kauai source. It also
provides a mechanism for detecting associations between the operation of the source and
potential changes in vocal behaviors (e.g., if whales change calling rates after source
transmissions).

Recordings collected during all duty cycles (0 [control], 2%, 8%) would be analysed and
compared to determine if changes in acoustic behavior occur and, if they do, how long those
changes last. Of particular interest are any discernible changes in vocal rates at the termination
of source transmissions. A number of research techniques would be pursued to optimize the
monitoring of animals in the north Kauai area using the VLA: 1) ship and/or total ambient noise
level, as measured by the VLA, can be used as a covariate to explain a substantial part of the
variation in numbers of calls detected; 2) this should make it easier to find ATOC or other effects
on the residual variation in call counts; and 3) supplemental data on received levels, as well as
numbers of calls will be factored into the analysis.

Aerial survey and observation schedules would be coordinated to take advantage of
opportunities to match visual sightings and VLA acoustic detections. Any visual/acoustic
matches would be valuable for calibrating and ground-truthing the array detections.

2. Leq Analysis.

The Leq method is a proven technique for measuring long-term effects of noise on
hearing damage in humans (Hirschom, 1982). It may be beneficial in evaluating the significance
of the acoustic thermometry source sound vs. other noise sources in the study area. This
approach is based on acoustic power sums over long periods, and is commonly applied to human
occupational noise exposure situations. OSHA uses this procedure to determine levels of sound
exposure on humans in noisy workplaces (Kryter, 1985), and is based on the observed fact that
hearing loss is generally a result of long-term exposure to loud sounds within the human hearing
spectrum. This approach takes into account fluctuations in level and differences in the duty cycle
or frequency of occurrence of various sources of noise in the area.

Two factors must be addressed in order to pursue this approach:

Establishing a hearing spectrum for species of concern.

Developing a metric for loudness exposure.
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The first factor is met through audiogram data, some of which is available for marine
animals that occur in the north Kauai area, some of which must be extrapolated. In some cases
(e.g., Risso's dolphin, false killer whale, bottlenose dolphin), the MMRP is supporting research
to acquire audiometric measurements which, although not for Kauai species, may be relatable to
local odontocete behavioral characteristics. The second factor is accomplished as follows:

* Identify a specific location of interest (for OSHA measurements in the
workplace, it is a laborer's workstation; for Kauai, it will be the received
level at an animal, or animals; otherwise, the 120 dB sound field will be
used).

Continuously record the ambient noise at the location of interest (for
OSHA it is for a normal 8 hr workday; for Kauai, it will be 24 hr/day).

Integrate the data over 1 hr intervals to get results that equal a sound level
that, if played continuously throughout the day, would have resulted in the
same total energy (power integrated over time) as that which
actually occurred-i.e., Leq. The processing technique uses an equal
loudness weighting for sounds at different frequencies, a threshold-like
result. Thus, sounds that are poorly heard are weighted less than those
sounds that are well-heard. This technique will be applied separately and
distinctly for each species.

Such a methodology may be able to be applied here for a better understanding of the
potential net noise impact on marine animals from the project source transmiTssions, as follows:

a. For the Kauai study area, the normal background broadband noise will be monitored in
situ (24 hrs/day with the source-mounted VLA, systematically and opportunistically with the
vessel-based VLA and possibly with sonobuoys). Ambient noise models can also be used to
provide values; for example: 1) Historical Temporal Shipping (HITS) noise model, and 2)
Directional Ambient Noise Estimation System (DANES). The in situ measurements are
somewhat different from normal ambient measurements, because it is desired to measure the net
energy effect of transients: ships, boats, jet-skis, aircraft, thunderstorms, etc.

b. Monitoring will continue during all experimental transmission periods, such that a
source of additional noise energy during these periods will be the transmission itself, plus
whatever other noise-producing devices are present at the time. Because the additional noise-
producing devices are expected to be operated in a semi-continuous manner during test periods,
noise averages with and without project source transmissions can be made in genreal (except for
the source-mounted VLA which cannot record during the 25 min of the transmission period) to
determine the net impact on Leq.

c. Hearing thresholds in the low frequency band (particularly the project source
bandwidth) will be tabulated. Where thresholds have not been measured, best estimates will be
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made using the range of their known vocalizations, and it will be assumed that their best
threshold is the lowest natural ambient at the center of the band.

d. The thresholds will be convolved with each of the Leq measurements made to
determine the net impact of project source transmissions on exposed animals. The various
uncertainty distributions would also be convolved to evaluate compounded uncertainty in the
Leq.

3. Transmission Loss (TL) Model Capability.

In addition to direct measurements of sound levels near marine animals in the study area,
there is a need for semi-empirical sound propagation modeling capability on-site in the field, on a

near real-time basis. This will allow the marine mammal biologists to take into account the site-
and time-specific empirical data in site-specific TL models. A Parabolic Equation (PE) model
will be available on one of the workstations located at the Princeville house to determine what
received levels to expect for animals at different ranges and depths from the source. These data
will be compared with the measured levels, taken with the vessel-mounted VLA, and from
sonobuoy data, as feasible. The model will be updated whenever CTD or XBT data are made
available. At low frequencies, the most significant effect on accuracy will be the bottom loss
values in the model's environmental data base. If possible, these values will be updated based on
actual measured transmission loss data collected in situ.

C. Shore-Based Visual Surveys

During humpback season the north shore observation station will be located at:

East of Princeville Makai Golf Course, at the end of Punahele Road at
22-13'43"N, 159°29'13"W at a height of 47 m.

The study arena for focal behavior observations and scan samples (see below for
definition of scan samples) is a circle with a radius of approximately 4-10 km centered on the
observation station. However, focal pods will be tracked out to 6-8 km from shore, dependent on
observation conditions. Non-focal pods and vessels will be tracked up to 8-1 0 km from shore,
dependent on observation conditions. See below (Observation [Focal Behavior Session]) for
clarification of focal vs. non-focal pods.

1. Detection and Tracking of Mysticetes, Odontocetes and Sea Turtles; and
Other Noise Sources.

Apparatus

Two surveyor's theodolites (Lietz/Sokkisha Models DT5 and DT5A, 10 sec precision,
30x magnification) will be used at the shore station to track marine animals and other noise

C- 12



RESEARCH PROTOCOL

sources. The theodolite measures horizontal bearings and vertical angles of target locations in
degrees, minutes, and seconds. Horizontal bearings are referenced to a charted land mark.
Vertical angles are referenced to the gravity-based leveling device on the theodolite. Subsequent
analysis converts these angles into Cartesian coordinates for calculation of speeds, direction of
travel, and distance among animals and other noise sources, with correction for curvature of the
earth. Since fluctuation in tidal height off the Hawaiian coast is less than 30 cm, the minimal
resultant error can be ignored (Bauer, 1986). Theodolite-measured target positions (fixes) are
taken when the cross-hairs of the scope of the theodolite are positioned with the waterline of the
target. To control for error, the horizontal and vertical reference points are checked
approximately every 30 nin and are reset if out of vertical balance or if off by >1 min of
horizontal arc. The theodolite height above the set ground-marker is measured each day.

Fujinon (7x50) or Steiner (1 5x80) binoculars equipped with reticles and a built-in
magnetic compass are the primary eyepieces used to track animals and other noise sources. Big
Eye (25x) binoculars will also be used for detailed observations. Reticles are used to gauge
distance of animals from the land station based on a formula using known height and associated
distance to the horizon (Brueggeman et al., 1992). Time-event recorders (laptop field
computers), which automatically assign a real-time flag to each computer entry, are interfaced
with the theodolite and are used to record behavioral codes and theodolite fixes.

Observations (Scan Samples)

Each day begins with a scan sample. Successive scans will be separated by at least 1 hr.
Scans can be aborted at the discretion of the field site team leader in order to initiate a focal
behavioral session.

In order to maximize the ability to detect animals in the short period of time, the scan area
is divided into two areas: onshore and offshore, and these are scanned by two different
observers. The nearshore observer scans left-to-right, alternating between naked eye and 7x50
binoculars out to the 200 m isobath. This equates to a radius of approximately 5 kmn from the
Princeville station.

The offshore scan is designed to monitor any animal species, particularly deep diving
species (e.g., pilot whales, sperm whales) near the source site. To cover the area near the source,
an arc is designated from the shore station. The arcs allow maximum coverage of the 10 km
radius around the source site, but are small enough to allow multiple left-to-right scans during
the 15 min period. The offshore observers scan from the 200 m isobath out to the horizon. This
equates to a 64* arc from 282" to 346' magnetic (the arc is centered over the source site), from 5
km out to the horizon.

Scan information is recorded on a separate scan data sheet. All notes and other noise
source descriptions are recorded on the scan data sheet and then transcribed to the regular field
note form. Environmental conditions (Table C-2) are noted separately on the scan form for
nearshore and offshore scan areas on the scan data sheet. The sightability (Vis) and Beaufort
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SHORE ENVIRONMENTAL CONDITIONS AND RATING CODES 1993-95

ENVIRONMENTAL CONDITIONS:

CODE NAME DEFINITION

VIS VISIBILITY scale: I=excellent, 2=very good, 3=good, 4=fair,
5=poor, 6=unacceptable (see visibility definitions).

BF BEAUFORT Beaufort sea state (see Beaufort definitions)

CC CLOUD COVER percent of study area covered by clouds.

CL (;LARrE percent of study area covered by moderate to severc

glare, which affects ability to sight whales. Also note
the "section" within which glares occur. A section =
each quarter of the study area beginning to the left and

looking clockwise. There are 4 sections total.

SH 'SWELL HEIGHT estimated in meters.

SP SWELL PERIOD time between successive swells in seconds.

*Note: entered in the initial header (HEADH) and every hour on the hour in the update

environmental header (HEADE)

Table C-2 MMRP shore environmental conditions and rating codes 1993-1995
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conditions are described for the majority of the study area. If necessary, sub-sections of the
study area are described separately (e.g., lee of Beaufort 3 <1 km from shore; Beaufort 3 in
Section 4 of nearshore scan, etc.).

The scan begins with an "other noise source" scan which is performed by the theodolite
operator. All potential noise sources <10 kan from the shore station are fixed with the theodolite
and their orientation and state (travel, stationary) are recorded. Any additional noise sources that
enter the area during the scan are also fixed and tracked. All aircraft passing directly in front of
the shore station within 5 km of shore at <610 m altitude during the 15 min animal scan are also
recorded on the scan form, and later coded into the computer. Particular attention will be given
to vessels that approach within 4 km of the MALOLO during VLA recording sessions. These
vessels will be tracked continually by theodolite.

The visual noise source data collected by this primary observation technique will be
integrated with the other visual noise source data (from aerial surveys and observations, and from
vessel-based visual monitoring), to be convolved with the acoustic noise source data (from the
source-mounted VLA, the vessel-based VLA, and sonobuoys). This will facilitate the production
of an updated calculation of the contribution to the local ambient noise field from non-ATOC
sources.

During the scan for other noise sources, the primary observer scans the area out to
approximately 500 m from shore with the naked eye and 7x50 binoculars for sea turtles. The
notetaker records the time the sea turtle scan begins and the total number of sea turtles sighted by
species on the scan form.

Oncethe -preliminaries are completed, the notetaker starts a 15 min timer and enters the
code to designate starting the scan, and the scan for marine animals begins. The nearshore and
offshore scans are conducted simultaneously. Observers do not alert one another about the
presence of animals outside their designated scan area. The notetaker/computer operator does
not participate in locating or alerting anyone about animals to maintain a consistent effort. When
an animal or pod is sighted by a designated observer, the theodolite operator obtains additional
fixes, attempting to obtain at least 1 fix per surfacing bout.

When an observer sights a pod/animal(s) of interest, he/she dictates the reticule and
bearing location to the notetaker. The observer continues to monitor the pod through the
binoculars for a surface duration in order to determine species, estimate pod size, and orientation.
After the scan observer sights a pod/animals, the theodolite operator takes a fix and follows them
to confirm pod size/composition and orientation. The theodolite operator continues to fix
pods/animals previously sighted by observers, but not unannounced pods/animals, which might
alert observers.

At the end of the scan, a 10 min recovery period is used by the observers and the
theodolite operator to confirm animal/pod compositions and to obtain theodolite fixes on
animals/pods sighted during the scan, but not fixed.
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Because the scan is a point sample of short duration, one cannot truly determine a
behavioral state at this point in the protocol procedures. Thus, only orientation and whether a
pod was surface active are recorded during the scan when the pod/animal is first sighted.

Observations (Focal Behavior Sessions)

Focal observation sessions are intentionally biased toward individual animals and smaller
pods, based on the belief (from previously collected humpback whale observational data) that
these are more sensitive to, or would show more reaction to, a disturbance. Class A
animals/pods are preferentially selected for observations, all other factors being equal, as
follows:

CLASS A CLASS B
1. Mother/Calf 5. 3 Adults
2. Mother 6. >3 Adults

/Calf/Escort.
3. 2 Adults
4. 1 Adult

Pods/animals within a reliable viewing distance of a shore station (generally <10 km using 7x-
lOx binoculars) are selected as focal pods (Bauer, 1986; Helweg, 1989). However, the addition
of Big Eye (25x) binoculars increases the reliable focal viewing distance. Collection of accurate
behavioral data, particularly surface-dive blow rate (or blow rate), which is used as an index of
potential disturbance, usually dictates selection and duration of focal sessions. Moreover, small
pods, particularly those containing a calf, show more behavioral responses to disturbances (other
noise sources) than do larger pods (Bauer, 1986).

Prior to beginning a focal behavior session, the behavioral state, confidence rating, speed,
and disturbance rating are recorded (Tables C-3, C-4, C-5). Focal sessions are initiated after
assessing the animals/pods within view of the shore station. Selection of focal animals/pods are
prioritized as listed above, while considering the goal of tracking focal behavior as long as
reliably possible (e.g., animals just entering the viewing area generally generate longer focal
sessions). Table C-5 data recorded will include the identification of MMRP vessels and aircraft
and their activity. Also with respect to Table C-5, it is recognized that animal disturbance must
be a function of the time-varying radiated noise field, which will vary from vessel to vessel,
vessel operating characteristics, and over different acoustic propagation conditions. The
potential disturbance categories for vessels and aircraft in this table do not imply that it is known
what level of noise disturbs the animals being observed (rather, whether any disturbance is being
observed)--in fact, this unknown is the very basis for the proposed MMRP. Nevertheless, from
theodolite tracking and observation of targetted vessels, the following pertinent information can
be gleaned: 1) range, 2) description of vessel and power plant type, 3) speed, and 4) behavior of
vessel (number of course/speed changes). Ideally this data would be suplemented by an acoustic
recording of the vessel whereby its source level could be estimated. This will necessarily have to
occur on an opportunistic basis (via the source-mouhted VLA or with sonobuoys).
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SHORE BEHAVIOR STATES 1993-95
Computer Function Keys

KeNo Code Name Definition

F1 rest REST indicated when a whale(s) lays horizontal and
motionless near the surface in the same location for 5
sec or more.

F2 mill MILUNG swimming with no obvious orientation (non-directional)
characterized by asynchronous headings, circling,

-_changes in speed, and no surface activity.

F3 tray TRAVELING swimming with an obvious orientation (directional),

constant speed, no surface activity.

F4 stat STATIONARY little or no forward movement (<1 km/hr) bet,,,een
surfacing sequences, staying in the same general
location (singers and tail-sailers fit in this state).

F5 smil SURFACE non-directional swimming with the occurrence of aerial
ACTIVE MILL behavior that creates a conspicuous splash (include all

head, tail, pec fin, and leaping behavior). This is also an
event for non-focal pods.

F6 strv SURFACE directional swimming with the occurrence of aerial
ACTIVE TRAVEL behavior that creates a conspicuous splash: This is also

an eventfor non-focal pods.

F7 asyn ASYNCHRONOUS pods with respiration patterns out of synchrony where a
whale(s) blows greater or less than 5 sec. from other
whales (e.g., 2 whales surface and blow together while
the other whale blows 5 sec later). During extended
pauses (dives) try to make a NOTE of the number of
asynchronous whales and their approx. distance-from
the core group. Not pressing the asyn function key will
indicate the default that all whales in the pod are
synchronous in their respiration's.

*Note: record approx. speed and compass direction when possible in the HEADS header.
0 = not moving forward
1 = slow (no wake, 1-2 km/hr)
2 = medium (small wake, 3-5 km/hr)
3 = fast (large wake, > 6 km/hr)

Events are Instantaneous, while.states have appreciable duration (Altmann 1974).

'Behavior States modified from: Baker et al. 198Z WOrsiý et at. 1984, Bauer 1986. and Richardson et at. 1991

Table C-3 MMRP shore behavior states 1993- 1995
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BEHAVIORAL OBSERVATION CONFIDENCE RATINGS:

CODE DEFINITION

I Excellent respiration and behavioral data (confident that you are missing
none).

2 Excellent respiration and "soft" behavioral data (confident you arc
seeing blows, but you may be missing some behaviors (<10%), usually
due to distance or environmental conditions).

3 Okay respirations (you think you're getting most blows) but shaky

behavior (you feel you are unable to discern some (<25%) behaviors.
gcnerally due to distance or conditions).

4 Shaky respirations (the data will probably be useful only for surface and
dive tinics) and only very obvious/conspicuous behaviors visible.

5 Theodolite tracking only due to inability to discern blows and behaviors
usually due to distance or conditions.

*Note: entered in the binocular reticle conversion + rating header (HEADR).

Table 0-4 Behavioral observation confidence ratings
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SHORE POTENTIAL DISTURBANCE CATEGORIES 1993-95S

EXPERIM[ENTAL CONDITIONS (expt--computer 4-digit code):

Potential Vessel Disturbance:
U (0) Undisturbed (vessels > 4 kin).
P (1) Potential Disturbed (vessels > 1 km and < 4 km)
DI (2) Type I Disturbance (vessels < Ikm, passing by)
D2 (3) Type II Disturbance (vessels < I km and actively following)
D3 (4) Type HI Disturbance (our research vessel < 1 km engaged in photo ID work)
*Note: these categories are broad classes of visual vessel proximity and their behavior to the

focal whale(s). A 30 min buffer will be applied prior to each entered code (e.g., If U
then DI and back to U edited data will add 30 min to Dl's duration). Re-evaluation
of these "flags" (separate codes) will be made in the final analysis when theodolite fixes
have been determined.

Potential Aircraft (airplane & helicopter) Disturbance:
U (0) Uindisturbed (all aircraft ALT > 1500 ft or 457 in)
PP (1) Potential Disturbed airplane (ALT> 800 ft and < 1500 ft)
DPI (2) Type I Disturbance airplane (ALT < 800 ft and passing by)
DP2 (3) Type II Disturbance airplane (ALT < 800 ft and actively circling
DP3 (4) Type HII Disturbance airplane (ALT < 800 ft and blatant harassment)
PH (5) Potential Disturbed helicopter (ALT > 800 ft and < 1500 ft)
DHI (6) Type I Disturbance helicopter (ALT < 800 ft and passing by)
DH2 (7) TYPE II Disturbance helicopter (ALT < 800 ft and actively circling)
DH3 (8), Type Ill Disturbance helicopter (ALT < 800 ft and blatant.harassmnent)
*Note: these categories are broad classes of visual aircraft proximity and their behavior to the

whale(s). A 15 min buffer will be applied prior to each entered code.

Potential Transmission Disturbance:
U (0) Undisturbed (no transmission)
P (1) Potential Disturbed (now none, but transmission < 30 min ago)
D (2) Disturbance (present now)

Potential Military Transmission Disturbance: (Note 1)
U (0) Undisturbed (no transmission)
P (1) Potential Disturbed (now none, but transmission < 30 min ago)
D (2) Disturbance (present now)

*Note: in order to make unbiased and "blind" observations of the effect of. Military

transmissions, times will be confirmed after the field season by hydrophone array or
assumed based on reported Scripps times and incorporated into data analyses.

Modified LGL Coding and File Formats for Bowhead Behavioral Data (Richardson et al.
199 1) and personal communication with Dr. Gordon B. Bauer (10/11/93).

Note I: Military transmission refers to U.S. Navy active sonars onboard or deployed from ships,
and deployed from aircraft (sonobuoys).

Table C-5 MMRP shore potential disturbance categories 1993-1995
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Focal observation sessions are comprised of the behavioral observer following the focal
animals with 7x50 Fujinon binoculars. The observer calls out the first surfacing of the focal
animals, then all of the subsequent behaviors. The final dive is called with a special code to
facilitate respiration analysis. The theodolite operator tracks the focal animals, other
animals/pods in the area, and all other noise sources within 10 kmr of the focal animals.

Focal observation sessions are continued on the same animals as long as possible. The
longer sessions are specified in attempting to follow the same animals/pod prior to, during, and
after a source transmission, and to provide good baseline sessions of similar duration. Sessions
generally continue until one of the following occurrences:

* Animals pass beyond reliable viewing range (up to 10 km).
* Animals are lost from view (e.g., obstructed by tree, not sighted for >40

min).
Conditions are such that behaviors and/or respirations can no longer be
reliably observed (poor visibility or SS>5).

* ID confusion with other animals/pods.
* Animals/pod is reliably passed off to other shore station's behavioral

observer.
An affiliation/disaffiliation occurs.

Every attempt is made to follow focal animal respirations out to 10 km and beyond with
the Steiner 15x or Big Eye (25x) binoculars.

Focal sessions on Class A animals/pods are continued until behavior is untrackable
(weather, distance, affiliation, disaffiliation). If an observation of a Class B pod is less than 30
min in duration when a Class A is sighted, the observer ends the Class B session, and begins
anew with the Class A animals/pod. If the Class B pod has been under observation for longer
than 30 min, the observer stays with it.

If a pod composition changes during the focal session (animal[s] join or depart the pod),
it is given a new identification number (but linked to the original pod identification number) and
is treated as a new pod. If focal observations are continued on the "new" pod, an affiliation or
disaffiliation computer code is entered to indicate when the affiliation or disaffiliation occurred.
Later, a full session header is inserted at that point in the behavioral record.

Each focal animal/pod observation is assigned a rating code to reflect the behavioral
observer's confidence in the data collected at the beginning and end of the focal session. This
rating may change over the course of a single focal observation session.

All small vessels (<23 m) are tracked out to 10 kln by the theodolite operator whenever
possible. Larger vessels (>23 m) are tracked as long as they remain in view. The theodolite
operator is responsible for calling closest point of approach (CPA) of vessels and aircraft during
focal sessions. Vessel CPAs are called when they are <4 km from the focal animals/pod.
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Aircraft CPAs are called when they are at an altitude <610 m and within 1 km horizontal
distance from the focal animals/pod. The type of fixed/rotary wing aircraft is recorded and if
thought to be harassing any animals, the registration number is recorded as well.

Bathymetric data are being incorporated into the theodolite tracking computer program,
which will facilitate water depth vs. dive time estimating.

See Appendix G for details of the results of the 1993 and 1994 shore-based survey
efforts.

D. Aerial Behavioral Observations

1. Detection and Tracking of Mysticetes, Odontocetes and Sea Turtles.

Continuous aerial focal animal behavioral samples can be used to provide detailed
information about marine animal behaviors and inter-animal interactions (Altman 1974). If
conditions permit, the MRT can follow animals for up to 6 hr, providing long, continuous series
of surfacing and diving bouts and information on behavioral states. These data can be used to
determine changes in responsiveness over time and to calculate time-activity budgets of
individuals.

Methodology

The aircraft will be flown at an altitude of approximately 457 m (1500 ft), well above the
305 m (1000 ft) disturbance level set by law, but low enough that animal behavior can be
observed accurately. The primary study area will be focused on the 120 dB sound field (see EIS
Section 2), and will be limited to data collection when wind conditions are Beaufort 4 or less
(<28 km/hr). The timeframe for humpback season aerial observations will be December through
April, totaling approximately 60-80 hr. During the Pilot Study period with no humpbacks
present, aerial observations will be incorporated with aerial survey flights. The best opportunity
for uncontaminated data collection will be during the morning hours when the seas tend to be
lowest. If good weather conditions persist into the afternoon, the MRT Leader will decide if a
second flight is warranted on that date.

Aerial observations differ from aerial surveys in that the former specifically entail
concentrated study in a designated area (in this case the sound field). The platform for the
observations will be a twin-engine, high fixed-wing aircraft (Cessna 337). The flight crew will
consist of a pilot and 3 photographers/observers. Two of the observers will be on watch at all
times, seated on the left and right of the aircraft, respectively, and will observe an area out to
approximately 3.7 km (2 un) on each side of the aircraft's flight path.

Opportunistic observations of animals during the aircraft's transit to and from the study
area will also occur. Upon arrival in the study area, the aircraft will begin searching for animals
within a 3-5 km radius of the source position. If animals are sighted, focal sampling will begin
and continue until the observation team leader decides to break off. The aircraft will orbit each
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pod of animals (or individual animal) encountered to account for numbers of animals, swimming
direction and speed, and other behavioral patterns. Photographs and/or video will be taken on
order of the observation team leader. If no animals are sighted within 5 km of the source site, the
aircraft will contact the vessel on station, or the Princeville house, to ascertain if any other team
has contact with animals of interest. Otherwise, the aircraft will fly pre-planned tracks
throughout the sound field using contiguous 7.4 km (4 nm)-wide bands.

Aerial observations will be biased toward small (<3), and mother/calf, groups. This is
because individual behaviors are difficult to determine in large groups and there is a particular
interest in gathering data on mothers and calves.

The location of all pods/animals observed will be noted on charts with aircraft positions
verified with Trimble GPS and/or Loran. These data will be uploaded directly into a portable
laptop computer.

Observations

The aircraft pilot will be responsible for keeping the focal animal(s) in the center of the
circle flown by the plane, which will usually be banked toward the target at all times. Relative
animal positions are estimated based on a series of GPS readings during each complete ellipse of
the plane's path. Positions will be read when the plane is oriented in the same direction as the
focal animal(s), while the horizontal distance of the plane to the animal(s) is estimated visually.
When observing a pod of whales, a second position can be taken when the plane is at the
opposite side of the pod (oriented opposite to the pod) so that the actual pod location can be
estimated by interpolating between the two locations. The pilot will be monitoring the aircraft
altimeter frequently to ensure that altitude does not shift significantly during the observations.

When the focal animal(s) dive at the end of a surfacing bout, the circle of the aircraft will
be widened and shifted in the direction of the travel of the animal(s) to allow observers to detect
the animal(s) when they first surface at the beginning of the next bout. A fluourescein dye
marker may be launched from the plane periodically to provide the pilot with a quasi-fixed
reference point. During the dive period, all observers will be scanning around the aircraft to
increase the chances of spotting the first surfacing.

During surfacings, behaviors will be reported by the two observers with supplementary
information provided by the pilot and videographer. Observations will be recorded onto audio
tape and on the audio track of a Sony TR10 1 image-stabilized Hi-8 video recorder. The
observation team leader is responsible for keeping the focal animal(s) constantly under
observation, and reporting time and behavior of each animal whenever it is at the surface.
He/she will usually be using binoculars during most observations. The secondary observer will
describe animal status relative to other potential noise sources (ship, boat, thrillcraft, plane, helo),
the shoreline, and other animals in the vicinity. The secondary observer also provides backup for
missed data.
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The following data are recorded during each surfacing:

* Surfacing time (time each animal appeared at or near the surface).
* All blow times of whales.
* Estimated swim speed.
* Location at first and last surfacing.
* Animal(s) orientation at first and last surfacing.
* PRelative distance between animals when in a pod/group (reported in body

lengths).
* Relative orientation between animals.
* Animal(s) behavior (Table C-6).

The third observer is responsible for providing backup information, searching around the
aircraft for other animals in the area, and for video-taping events, as directed.

Data Reduction and Analysis

All the recordings of each day's observations will be transcribed onto a data form
designed to indicate the time-course of events. The transcripts will then be checked against the
video recordings to ensure that the sequence of behaviors is complete for each animal at each
surfacing, that observers have correctly identified behaviors for each individual observed, and to
obtain data on inter-individual distances and relative orientation throughout the surfacing
sequence. Video tapes will be projected for analysis on a high-resolution 27-inch Sony Trinitron
XBR television monitor (S-VHS type) from a Sony EVS 9000 Hi-8 video deck, capable of
frame-by-frame examination of the tape.

Transcriptions will be checked for completeness and accuracy before they are encoded for
computer analysis. The transcribed data are then entered into a data base, including behavioral
parameters that can provide important information about potential disturbances. The resultant
ethogram is very detailed, facilitating future work of pooling behavioral categories.

These data will be used to calculate derived variables such as duration of surfacing. If the
first surfacing was not observed because the animal(s) came up at an unexpected location, several
derived variables cannot be included, such as surfacing interval, duration of surfacing, and dive
duration. However, all behavioral characteristics collected while the animal(s) were at the
surface can be included. Previous observation studies (Bowles, unpub., 1993) have noted
affiliations and disaffiliations as being common, and at times whales alter their behavior in
response to breaches or other surface activity by distant whales. Therefore, it is not always
possible to predict the location of a surfacing following a dive, even though the water may be
clear enough that animals would ordinarily be seen well before they broke the surface.
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* COMPUTER TRANSLATIONS FOR AERIAL ETHOGRAM 1993-.95____
Computer Number Codes (NC) & Reid Letteir Codes (LC)

R ESPIRATION: 'AGE MAODIFIERS. FOCAL WHALE SAMPLING:

O~f FS irst surtaceimmn No INoC L CI _Aduft Cda!WL just enter beft. letter codes)

OF T-Fours Surface Mlow [2NC f2 LMom
or VrW -W First Surfacing? (whallesien at~ £1Seta) 3NC L~C344

9- IW-Nd Slow Flse (siace w/no 'isilei blow)
04 MW Essed Slow(s)? (breras resp. sequence) BEHAVIOR STATES:

I est ,REST

SUBERGENCE- 2 E W1EY JALLNG
10 S jSrqUp ~dr (texffneles rest bo1A) [3 iiavTRAVELING

A Peftlce Arch (etdlhtq WAMAUtfng ftiles) [-4 M7ST TONARy

(F UZF*e Down Dive (erch and lilling flukes <4AS deg) [fl IIISURFACE ACTIVE LULL.

677 U RPuke Up Dive (arch an.d lifting flukes> AS deg) f;z surwAcsc ACTIVE- TRAVEL
Wi-SO Unmdentilied Submercence: So0 see (7) 7 ZZacAIDULT SOCIAL

r 8r£11= MOV.I.CALF SOCIAL
RON-RESPIRATORY MARKERS: *mole: see bet'avior rtate definitions for detail.

12 NR Missad Non.Rlesp Belt(s)? (breaks tekt sequenc)-
111 JUB Unidentified Behavor? (any NR not includedbelow) FOCAL POD EVENTS:

579 PO Pod Decreises; Speed

SUBSURFACE EXHALATIONS: [W PI Pod Inceases Speed
13 B5C BGuboe Cloud (Sirrgfe W. st of buwbeSJ 581~ PX :Pod Slops (X)

1 49BT Linear Bubblle Trail (svream of bubbles) [W TP45 :Pod Changes Qirecton > 4S deg

83P Pod Changoes Oirecticri > So deg
WHALE VOCALIZATIONS:

20 SR~ :Sincin Reporlod (b, :Eeardr vessel) FOCAL VESSEL(S) EVENTS:
21 55 Singing Stop 966 14 es ChaZnges CrrCC1411n 45 deg

987 VX ;Vessel S-,o-s (X)
_____EAIGEHVOR:98 ___ s___________________________________________

HEAD~.. VC LEAIes BSHAIOeS 988vs VeselS;n
41 HR -Head Pisa (Spynop) 989 VC -Vassel Cr.ane pe oal

HL __Hezd Lunge (forward W.ist <45S deg)
Z5 S :MýIotorfloatlng (S-staped swim > 3 sac) * FOCAL POD AFFILIATIONS/DISAFFILIATION:

46 HS .Hetad Slap r(xoward W=us > 45 dog & slap wirno twist) 569 PAP Pe PiFe(+ji to [acm one)
BR_ M ;BRecad (eaps out to pedundlo wINwist) 57 PO Pods Oisalllat (pod Spfits)

Z48U -us nidentified Larce Splash? 571 SAP :Suspeced Affiliation
49 HOH .Ole Head Beh-arroc? S7 [ SOS.uspa-Zed Disaltllation

"N~ote: a pod e-qgts whales < 5 WLU.
'TAIL BEHAVIORS:

5A1 TE JTsiEstension (holds in ak, 3 c) LOST-FOCAL POD/END SESSION:
TS #Tei Stap (slapping w/ vintral surface) 15001PU -Pod Identification Number Uncertain?

jLS Lza*ea Tag Slap (pedunde slap) 1 5971PL :Pod Lost - Note any Reasonfl
_35- TWTaA SI~ish (side-to-side motion)
Zjr La efaf Tall Display BEHAVIOR RECORDING AIDS:

F=9 5OT77Dt0e Tail Behavior? 000 L :Lag (3 sac) In caning ben
IFt I+ :L(no. o5ec) incalllng beh

PECTORAL FIN BEHAVIORS: Mg x -Detete previous entry ()Q
61PE Pec Extitrsiont (I or both fins > 3 sec) 22 r X1 W !De~ete tast Sequence ollentries (XXi

62 PS Pee suap (form uinspectaced
63LPS Lateald Pec Slap (whlale on its sde) POO MODIFIERS & NONFOCAL SAMAPLING:
64VP Ventral Pee Slap (whale befly-p) 6WT Hits Helicopter + ID no.

65_ RAP Rofing Pee Slap (rotating reostrto-caudal ass) TTAPIAkAirPane + 10 no.
79- ~OP Otr Pee Behavior? 7 1-0 CA 2 Oosezl. Point Approach (CPA, call <1000o m)

FSIS SP IS~runer dolphin(s)
BODY CONTACT: $2 BN odeNose Dolphin (flirsiopa app.)
74 S8 Smiring with any Body Part jI3SJPII]Sea Tl~rte(s) (green)

7W Whtale Body Contact 8ý45 S 05 OtetSpedesO(I species as comment)

1726 1ýTIvv'ale Under another Mhale

HEAD, LEAP, TAIL. PEC, BODY MODIFIER: *E00ora mnodsiedIrOM: Bakier at it. 1Z fMtrsig ataL.984.
70 OTMIOirected Toward Mom (modilier) Sauer 1986. Rio'tardsxn at aL 1991. & Kawatio Basin Marine

-1 e.Diredted Toward Call Mammal Libortoql.
T D 0TI irected Toward Escort

[7]_3 OTDirected Toward nearest Whae(s) (age unxnown?)
77 OTV 11irected Toward nearest Vessel
78 1TU! iDrection unspecified? (defautt for away)

1Note: tor computer analyses age moditiers & 2-digit ben numrae codes are split ino separate columns (age & belt), all non.oen. 3-digit
codes are placed in the same column with beht. codes, and behavior states are places in separate column (beh stat.ý).

Table C-6 Computer translations for MMRP aerial ethogram 1993-1995
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The data will be analyzed according to the methods of Richardson et al. (1986). The
variables that will be examined will include the following:

* Dive times
* Surfacing durations
• Blow intervals (for whales)
* Blow rate per surfacing (for whales)
* Swim speed (from surfacing to surfacing)
* Animal(s) orientation during surfacing
• Reorientation rate during surfacing (measure of number of changes in

direction during a surfacing)
Relative orientation and inter-animal distances.

2. Received Level (RL) Acoustic Measurements via Sonobuoy.

In addition to standard aerial survey and observation procedures, the aircraft would
monitor and record vessel data in the study area, and deploy sonobuoys (e.g., Magnavox
AN/SSQ-57A [SPL]) on an opportunistic basis to record cetacean vocalizations, and ambient
noise (including vessel noise) and source received levels in the vicinity of marine animals being
observed. This technique would be particularly beneficial when observations are underway in
areas where there is no other effective way to measure received signal level at the animal(s)
under observation. If utilized, sonobuoys wouldbe deployed > 400 m from the animal(s) to
minimize any potential disturbance caused by the sonobuoy itself. Recordings of the signal from
the sonobuoy would be made with a TEAC RDI01T DAT recorder equipped with an anti-
aliasing filter. The signal would be received on an ICOM7000 radio receiver connected to an
externally-mounted antenna on the aircraft. Recordings would be made continuously after the
sonobuoy enters the water until the aircraft is out of range of the buoy.

The visual and acoustic noise source data collected by this primary observation technique
will be integrated with the other visual noise source data (from aerial surveys and from vessel-
based visual monitoring), to be convolved with other acoustic noise source data (from the source-
mounted VLA and the vessel-based VLA). This will facilitate the production of an updated
calculation of the contribution to the local ambient noise field from non-ATOC sources.

E. Aerial Surveysa

Aerial surveys are a very important part of the MMRP, both for marine animal
distribution information, and for the necessary interface with the aerial behavioral observation
task. With enough aerial survey data available, there should be sufficient power to estimate
numbers and distribution for a suite of marine animal species, particularly humpback, sperm and
pilot whales; and spinner, spotted, and possibly bottlenose dolphins.

During January-April 1993, four aerial surveys (14 flights) were conducted that included
inter-island statewide surveys of waters surrounding the major Hawaiian Islands. Survey
tracklines followed north-south systematic lines spaced 26 km apart in channel areas, 13 km
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apart in major island regions, and 6.5 km apart in the source site area off the north shore of
Kauai. See Appendix G for 1993 aerial survey results.

During January-July 1994, aerial surveys (13 flights) were concentrated on Kauai, using
the same line spacing protocol. Appendix F gives the results of these efforts.

1. Population Counts of Mysticetes, Odontocetes, Pinnipeds and Sea Turtles;
and Other Noise Sources (Study Area and Statewide).

Aerial surveys for the 1995-96 Pilot Study (including the time prior to humpback season
and during humpback season) will follow line transect protocol used in the 1993, including inter-
island statewide flights, and early 1994 surveys to ensure comparability of data sets.

Aerial surveys will be conducted from a twin-engine, high-wing aircraft (Cessna 337,
which will be the same aircraft used for the aerial behavioral observations). It is equipped with
Collins ALT 50A radar altimeters and Morrow Apollo GPS receivers that output to a
Compudyne 386 laptop computer. This system automatically records positional data at 30 sec
intervals and manually records whenever a sighting is made. Sighting angles to target
animals/pods are made using a Suunto (Model PM-5) hand-held clinometer with analog display,
calibrated to whole degrees. These angles, in combination with the altitude data, allow for the
estimation of perpendicular distance from the sighting to the transect line. Given the average
recorded altitude of 250.5 m (sd = 35.66 m), errors of +10 of angle yield theoretical distance
estimation errors on the order of 5 m at the minimum sighting angle of 700, to 1200 m at the
maximum effective distance of 3.7 km (sighting angle of 3.87° ±10).

Each flight is staffed with three survey personnel, which-includes two observers and one
data recorder, in addition to the pilot. Specific portions of the survey area are assigned to each of
two aerial survey teams. All primary staff members are experienced in line survey methods and
marine animal identification, with a minimum of two field seasons of prior survey experience.

Proposed 1995-96 surveys will follow north-south tracklinis with the same line spacing
as that used in 1993-95. Plans are for approximately 4 surveys (4 flights each survey), for a total
of approximately 16 flights that will cover the entire north Kauai offshore area, and possibly 6-8
inter-island statewide survey flights.

Random startpoints are used so that the exact trackline configuration of each survey is
varied. The systematic lines project approximately 13 km past the 2000 m isobath, with random
lines connecting the endpoints. Tracklines are generated using the following ground rules:

Fly north-south lines 26 kin, 13 km, or 6.5 km apart starting with
predesignated randomly-chosen startpoints.

Fly to shoreline, then connect to next systematic line by flying to a point
5.5 km offshore of the starting point of that line.
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All lines must be no closer than 2.8 km from shore, so that both observers
have equivalent viewing swaths.

Add one or two north-south lines in areas of known higher densities of
marine animals.

Sightings are made by the two observers, one on each side of the plane, and called
verbally to the data recorder seated next to the pilot. When a sighting occurs, observers call out
the data in the following order: number of individuals, calf/calves (if present), species, angle to
sighting, and reaction to plane (if any). These data are manually noted by the data recorder. At
the start of each leg, or when conditions change, the observers also call out environmental
information, including glare, visibility, and Beaufort seastate, which the data recorder also enters.
The automated data, which indicates real-time latitude and longitude from the GPS receiver, and
altitude (to the nearest meter) from the radar altimeter, are automatically written onto the hard
disk of the laptop computer, and onto a 3.5 in floppy disk as backup. The manually-logged data
are keypunched into an ASCII file and later merged with the computer-written data using
customized software.

Since former aerial survey results indicated heterogeneity of animal densities across
regions and depths (Baker and Herman, 1981; Mobley et al., 1991; Forestell, 1989; Forestell and
Mobley, 1991; Forsyth, Mobley and Bauer, 1991), any inter-island survey results will be
stratified by major island region depth with strata as follows:

a. Inter-Island Region Strata:

* Kauai/Niihau
• Oahu
* Penguin Bank
* Four Island Region (Maui, Molokai, Lanai, Kahoolawe)
* Big Island

b. Depth Strata:

* <200 m
* 200-2000 m
• >2000 m

Abundance estimates for animals will be generated using the DISTANCE Program
(version 2.03) developed by the National Marine Mammal Laboratory (NMML), Seattle.

During the off-season months (May-November), it is expected that aerial surveys will be
concentrated in the source sound field only, on a 1-2 flight/month basis (see EIS Table 2.2.1.1-1).
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F. Playb~ack Studies

1. Humpback whales off Kona coast of Big Island

The experimental design incorporates several data collection procedures in concert. In
overview, small boats are used for technical support of the 4-element VLA, to deploy the J-15-3
transducer system, and for fluke identification photography. The shore station incorporates
visual behavioral observation and visual theodolite tracking to locate and track whales.

The experiment involves a shore monitoring station manned with 4-6 persons, which
records the behavior of whales and tracks the movements of whales and vessels. A trial begins
when a pod of whales is spotted moving into visual range of the shore station. The vessel is
moored in front of the shore station, and the session begins on a surfacing of the pod. Baseline
monitoring continues for approximately 25 min, at which time the projector is activated, and
shore visual monitoring continues as before. To control for observer effects, a control stimulus
(blank tape) would be used as well. The order of presentation of experimental and control
stimuli would be randomized. The shore station would remain blind to the sound condition used.
Previous playback studies with humpback whales have shown that playback of blank tape does
not alter behavior (Frankel, 1987; Mobley et al., 1988). There is no need then to explicitly
control for the presence of the vessel, as its presence would be controlled implicitly by the fact
that it would be present throughout each trial. The most important control would be for observer
effects, rather than the presence of the boat. This would be accomplished with an A-B-C design.
Each lettered portion or phase of the experiment would be 25 min long. The baseline (A) phase
collects 25 min of pre-test observation, with all sounds absent. The projector is activated in the
B phase. The C phase is for post-experiment observation, if possible.

Two behavioral data streams would be collected. The first would be a continuous record
of a focal pod. Every behavior that this pod performs would be recorded. A nonfocal ad libitum
sampling would be conducted for all remaining pods in the area. Theodolite measurements
would be taken for every pod seen.

A 12-15 meter vessel would be utilized to deploy the playback equipment. A 5-meter
Boston Whaler would be used for deploying an 81 m VLA to collect ambient noise (including
other noise sources, and playback source received levels). Recording samples for ambient noise
and source received levels would be taken from a set of approximately 20 fixed stations (during
transmission and non-transmission periods) during the course of the playback study. Any
cetacean vocalizations picked up at this time would also be included in the data sets.

Playback procedures: The boat-deployed acoustic source would be the J-15-3, which is a
set of three J- 15 electrodynamic (moving-coil) transducers rigged side-by-side, and electrically
connected with polarities that insure in-phase acoustic signals. The system includes a power
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amplifier, calibrated reference hydrophone, and a Dolch 486 laptop data acquisition and control
unit. This system allows the simultaneous input and output of playback and received signals. It
allows monitoring of output and reference levels from the reference hydrophone, in real-time.
The entire system will have been tested and calibrated at either Cayuga or Seneca Lake before
being transported to Hawaii. Theoretically, a J-15-3 should provide an omnidirectional source
level of approximately 172-175 dB (100 times lower than the operational ATOC source). The
system has a frequency range of 30-900 Hz (best frequency response 60-400 Hz), maximum
operating depth 165 m, and weighs approximately 284 kg in air. Based on MMRP Advisory
Board suggestions, the nominal playback protocol would be standard field study design limited
to two test conditions: 1) 5 min ramp-up, then 20 nin duration low frequency sound
transmissions (tape recording of an actual ATOC source signal) at 75 Hz frequency with a source
level near 175 dB, and 2) blank tape control. Similar designs have been successfully used by
Tyack (1983), Mobley (1988), and Frankel (in press) in playbacks to humpbacks and by
Richardson et al. (1985, 1990) for playback of industrial noise to bowhead whales.
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MI. REAL-TIME ANALYSIS OBJECTIVES AND SCHEDULE

The Kauai MMRP schedule of events (Table 2.2.1.1-1) lists the timetable for the analysis
reports that are to be delivered. The following provide some amplifying information as pertains
to the MMRP Pilot Study:

IvIMRP Pilot Study Bi-Monthly Status Reports:

- Analysis Objectives: Brief status report on observations to date; including any
results from preliminary analysis of data from the research teams. These reports will deal
primarily with early assessment of the efficacy of the protocol, and whether any modifications
should be made in the near-term.

- Schedule: First report due 60 days after commencement of Pilot Study acoustic
transmissions; second report 120 days after; etc. Recipients will be NMFS, ARPA, SIO and the
MMv[RP AB.

* MMRP Pilot Study Quick-Look Report:

- Analysis Objectives: as stated in the MMRP Pilot Study Protocol, including
preliminary results from all research teams; collated and prepared under the auspices of the MRT
Leader, reviewed and approved by the MMRP Director. This report will deal primarily with any
evidence concerning occurrence of acute or short-term effects (Table C-i) that could potentially
be attributed to source transmissions.

- Schedule: MMRP Pilot Study Quicklook, including Vu-graph presentation
(with hard copies available) to NMFS, MMC, ARPA, SIO, MMRPAB and designated recipients
(e.g., Kauai CAG, Earle/Notthoff group, other concerned scientists) within 30-60 days of the
conclusion of the MMRP Pilot Study.

MMRP Pilot Study Final Report for 1995-96:

- Analysis Objectives: as stated in the MMRP Pilot Study Protocol, including
final observation and survey results from all research teams; collated and prepared under the
auspices of the MRT Leader, reviewed and approved by the MMRP Director. This report will
include final analyses of any subtle behavioral reactions that could potentially be attributed to
source transmissions, and analysis of statistical power.

- Schedule: MMRP Pilot Study Final Report for 1995-96, including Vu-graph
presentation (with hard copies available) to NMFS, MMC, ARPA, SIO, MMRPAB and
designated recipients 180 days after submission of the Quicklook.
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A. Statistical Methods

Distribution vs. Sound Fields

Two Cornell University-developed computer programs will be used in statistical research.
"Canary-500" is the software for processing all acoustically-collected marine animal and other
noise source data.

"Aardvark" is the software used for reducing all visually-collected marine animal and
other noise source data (surveys and observations) and generating track lines. It is a theodolite
data analysis program. Aardvark converts the vertical and horizontal angles measured by
theodolite into Cartesian coordinates. It then uses a series of positions of a marine animal (or
animals) or vessel/aircraft to build a "track" of its movement. Statistics such as bearing, speed,
and milling index are generated from the track. The program then generates statistics between
tracks: 1) distance between animals and all other animals and vessels detected, 2) closest point
of approach (CPA) of the whales and vessels, and 3) a measure of the relative orientation of the
other animals relative to the first animal.

Once both sets of data have been combined in the uniform data base, MRT researchers
will attempt to generate statistics relative to different marine animals/species and relative to other
noise sources. Statistical power analysis will provide more detail on any behavioral responses of
the animals. Attempts will be made to overlay bathymetry to make statistical comparisons, and
measured noise field data sets can be juxtaposed in order to convolve distribution data with
sound field measurements.

Abundance Estimations (Aerial Survey Data)

For abundance estimation, the influence of Beaufort sea state and visibility on sightings
of animals will be analyzed. The observed vs. expected number of animals/pods/groups will be
analyzed. In the past, the departure from expected frequency has been greatest when sea states
were greater than 3, and visibility was coded as "good" or better. Limiting the usable sightings
to these condition criteria or better will reduce the total data set (in 1993, it reduced it from 397
to 311).

Since there has, in the past, been no clear drop in sightability of the larger animals (e.g.,
humpback whales) at increasing distance, a truncation point of approximately 3.7 km has been
chosen, such that only 5% of the perpendicular distances remained. Reducing the data set further
to only those sightings within 3.7 km would reduce the usable sightings even further (in 1993,
this scheme reduced it from 311 to 292).

The perpendicular distance data will be analyzed using the DISTANCE Program
(Version 2.03), developed by NMML (1983). Three models will be applied to these detection
probability data to determine the best fit, including uniform, half-normal, and hazard rate models.
In the past, the best fit has been provided by the hazard rate model (Figure C-i).
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When the abundance estimates are analyzed separately for each flight, a range of
coefficients of variation (CV) are produced. These values ranged from 17.3 to 39.0% in 1993.
However, when all four fRights were combined, the CV dropped to 11.3%. Aikaike's Information
Criterion (AIC) provides a quantitative method for model selection. For a given data set, AIC is
computed for each candidate model and the model with the lowest AIC is selected (Buckland et
al., 1993). In this case, the AIC sum for all four surveys was less than the combined, which
suggests differences across the surveys, or it may reflect regional differences in densities and/or
observer differences.

For the 1995-96 survey data, the same statistical analysis techniques will be used as were
applied to the 1993 and 1994 data. Abundance estimates will be based on a depth stratified line
transect approach, using the hazard rate model with encounter rate and density by stratum,
detection probability for all data combined, and pooled estimate of density from area-weighted
stratum. Estimates from these methods will be interpreted as a minimum estimate, in that they
represent the number of animals detectable at the surface. It is not, therefore a population
estimate.

Population Estimations

The distance sampling theory upon which DISTANCE and similar programs are based,
assume the g(0), or the probability of detection on the trackline to be unity. As Buckland et al.
(1993) have pointed out, this assumption is not true for cetaceans, since they are only detectable
at the surface for relatively brief time periods. In order to produce a population estimate, one
must know the probability that the animals in question will be at the surface at any given time.
Different approaches to this problem have been proposed in the past, including using two
separate platforms and determining the proportion of overlapping observations, or using
respiration data to determine mean surface time. Since the MMRP includes shore station data
collection efforts, adjoining the source sound fields, the possibility of deriving a correction factor
from these data exists. However, the sources of variance in respiration rates (differences across
regions, pod/animal types, and levels of disturbance) must be accounted for before a single
correction factor can be applied. It is the goal of the MMRP Research Team to establish a
reasonable parameter for humpback detection probability. Detection probabilities for other
species will be obtained from research projects outside the MMRP.

C-33



IV. STATISTICAL POWER ANALYSES

At issue is whether or not the proposed ATOC MMRP Research Protocol for the Kauai
MMRP will have sufficient statistical power to detect significant differences in humpback whale
densities and behaviors. Statistical power analyses were conducted for four MMRP research
techniques: 1) aerial visual surveys, 2) passive acoustic monitoring with source-mounted VLA,
3) shore-based visual surveys, and 4) cetacean playback studies.

A. Aerial Visual Surveys

This analysis is based on the aerial survey sightings of humpback whales within an
approximate 25 km radius of the proposed source site 14.7 km off the north shore of Kauai.
These data were collected during 1993-95 and provided by Dr. Joe Mobley of the University of
Hawaii. A total of 230 humpbacks were sighted during eleven surveys covering-a total of 5477
km of track lines. Sighting rates were obtained for each survey (see below) and mean rate and
standard deviation for these data were 0.0410 humpbacks/kmn and 0.0 102, respectively.

Paired t-test

It was decided that the paired t-test may be an appropriate procedure to estimate the
paired survey approach. During the timeframe of the aerial surveys (at least 6 months), the
population density of humpbacks off the north shore of Kauai will fluctuate due to migration,
allowing a determination of the seasonal variability in species distribution, as well as the
potential for any ATOC source transmission effects (observed in paired surveys). Therefore, an
examination of the difference in sightings between the time just prior to source transmission (two
hours prior) vs. the time just after source transmission (two hours after) is appropriate (Green,
1989). In such an approach, the correlation between the before and after data needs to be
estimated in order to calculate the standard deviation of the difference of the two means (Zeh,
pers. comm., 1995). Fortunately there are many data (aerial visual sightings) from the 1993-95
aerial survey efforts in association with the MMRP to date (232 whale sightings). The results of
the calculations are summarized below:

C-34



Whales/Date Total km flown Encounter Rate Sub-Group Sub-Group
(n/kin) (mean) (s.d.)

4 129 0.031
13 602 0.022
7 144 0.049

16 601 0.027 0.032 0.01174872
31 574 0.054
46 645 0.071
30 581 0.052
35 599 0.058 0.059 0.00877747

9 471 0.019
22 564 0.039
17 567 0.030 0.029 0.00996372
2 417 0.005

n =232 5894 11.0000 mean s.d.
average- 19.33 average =491.17 average = 0.0410 0.0401 0.0102

rho Power No. Paired Surveys Required for
Effect Size -0.50

0.25 0.9 14
0.25 0.8 10
0.33 0.9 11
0.33 0.8 8
0.50 0.9 6
0.50 0.8 4

This table indicates that given this large data set (S.D. = 0.0102) with which to base our
calculations, and using a correlation between the before and after periods (rho) of 0.33, with a
0.90 power requirement, and effect size of 0.50-yields the number of paired surveys needed to
be 11. That is, there will need to be approximately 6600 km of track lines (see paragraph II.E of
this Appendix for survey flight methodology) flown during the two hour time periods before
source transmissions and approximately 6600 km of track lines flown during the two hour time
periods following source transmissions. This will yield the capability to detect a change of 50%
in sightings between the two time periods, with a 0.90 power. The aerial survey team will not be
aware of when the source is on or off (either a priori or during flights), so the MRT Leader will
have to carefully schedule flight hours to optimize the opportunity for collecting sufficient data
sets, while maintaining the blindness of the survey team members. This will be complex but
attainable.
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B. Passive Acoustic Monitoring with Source-Mounted VLA (Detection of
Vocalizing Mystieetes)

Paired t-Test

For the vertical line array deployed from the source, the acoustic data stream would be
virtually continuous except specifically during the 5 mim ramp-up and subsequent 20 mrin
transmission. Values for mean detection rate and s.d. used for the statistical power analysis done
for the California ATOC source are also presumed valid for this analysis. Calculations were
performed by Cornell University (C. Clark). The results are listed in the table below:

No. Paired Surveys No. Paired Surveys
rho Power Required for Effect Size Required for Effect Size

=0.10 = 0.20

0.25 0.5 298 75
0.25 0.6 397 99
0.25 0.7 518 130
0.25 0.8 681 170
0.25 0.9 944 236

0.5 0.5 133 33
0.5 0.6 176 44
0.5 0.7 230 58
0.5 0.8 303 76
0.5 0.9 419 105

0.6 0.5 85 21
0.6 0.6 113 28
0.6 0.7 147 37
0.6 0.8 194 48
0.6 0.9 268 67

0.7 0.5 48 12
0.7 0.6 64 16
0.7 0.7 83 21
0.7 0.8 109 27
0.7 0.9 151 38

Because the VLA will be operating continuously, each transmission can be considered an
individual on-off evolution; i.e., a determination of any change in the abundance and distribution
of vocalizing mysticetes before vs. after each transmission. Thus, six months of Pilot Study
effort, with approximately 12 days of transmissions (6 per day) each month, will offer a
maximum of 432 paired acoustic detection period opportunities. This yields the ability to detect
a change of 10% in acoustic detections between the two hour period before a transmission and
the two hour period after the transmission, with power > 0.6, if the correlation between the
variances between before and after data is 0.25, or the detection of a 10% change with power >
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0.9 if the before and after correlation is 0.5. However, it must be noted that humpback
seasonality restrictions (see above) would also apply here. Nevertheless, the VLA should prove
to be a powerful tool in evaluating the potential impact of the source transmissions on marine
mammals in the vicinity. Furthermore, through continuous monitoring of the VLA for low
frequency (<1000 Hz) whale vocalizations, a reliable baseline of detection rates and the
associated variability will be available under different operating conditions. By taking advantage
of this technique, the sample size is effectively as large as the number of transmissions and will
also enable the MMRP Research Team to account for seasonal variability in whale density and
vocal behavior for vocalizing cetaceans year-round.

C. Shore-Based Visual Surveys and Cetacean Playback Studies

This analysis is based on the shore-based visual detections of two variables from the two
sites used as observation perches during the 1993-94 winter seasons: 1) humpback blow rates
(number of blows seen divided by the number of whales in the pod and the duration of the
surfacing sequence), and leg speed (measured speed of the pod). For area coverage and other
methodology details, see paragraph II.C of this Appendix and Appendix G. For this calculation,
a recorded set of 148 pod sightings over a time period of 545 hrs'of observation was selected;
although the total number of pods observed during the 1994 season was over 500. Mean values
were obtained for each pod. The mean and s.d. were then calculated from these first means (so
that the unit of analysis is an observation of a pod); the results are:

Variable

Blow Rate 0.51289 0.29883
Leg-Speed 4.01859 2.1531

Paired t-test

Again, it was decided that a paired t-test would be the most appropriate procedure to
estimate the paired encounter approach of this methodology. An examination of the difference in
humpback blow rates between the time period one hour prior to transmission and the time period
one hour after transmission is appropriate. It was assumed that the proposed data collection
would be observations of the same pod before and after ATOC source transmissions. Thus the
mean and s.d. data were entered into a paired t-test power analysis. The results are listed below:

rho Power No. of Paired No. of Paired
Animal/Pods Sighted Animal/Pods Sighted
(blowing) Required to (blowing) Required to

Detect a 20%/10% Detect a 20%/10%
Change in Blow Rate Change in Leg Speed

0.50 0.80 73/291 62/246

Using a two-tailed test with an alpha value of 0.05 and rho of 0.5 (appropriate because of
the assumption that the same pod would be observed before and after ATOC source
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transmissions), a power of 0.80 can be attained for the detection of a 20% change in blow rate
with 73 paired sightings; and a 20% change in leg speed with 62 paired sightings. For a more
severe criterion of detection of a 10% change in blow rate of the same pod before and after a
source transmissions, 291 paired sightings are required; for a 10% change in leg speed, 246
paired sightings would be needed.

These calculations will apply to the shore-based visual survey efforts at both the north
Kauai site and for the playback studies to be conducted off the Kona coast of the Big Island.

D. Summ=

Based on the above calculations, it appears that a combination of visual and acoustic
techniques will be able to detect, with relatively high power, any changes in humpback densities
(via aerial visual sightings) and behaviors (vocalization rate/pattern, blow rate, leg speed)
between the time when the source is off (just prior to transmission) and immediately after
transmission periods.
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Mri Andrew Forbes
AM'iC Program nat-,ger
Acustic Mer=metzy of Ooean Climate Project
University of Calif&nia, San DLego
scjipps institution of Oceanography (0225)
Institute of Geqthysiuos ard Planetary Prsics
La !Jolla, Ch 92093-0225

Deer Mr. Forbes:. •

Vj3=, Cmsemvation District Uae Aplioation Jk-2734 for the Amustic
gvkr==*ntxy of Ocean climate (ATM) Project# Offthore of the
Island of Kauai

This correspcndence is to ackn1ledge the receipt of your February 23,
19:5 letter in Which you requested a 90-day time extension to June 25,
195 for CDUA #KA-2734.

As o•tlined under the provision in Chapter 183C of the Hawaii Revised
Statutes, the 180-day date for CDXIA M-2734 will be extended 90 days, and
wi now expire on June 25, 1995.

Thank you for your attention to this ratter. Should you have any
questions, please feel free to call Poy Schaefer of our Office of
Cohaervation and Envirornental Affairs staff at (808) 587-0377.

Aloha,
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Mr. Pay~end L. CaUlanI14 8j
Kauai Friends of the nvircXOent
P.O. Box 1183
Hanamei, Hawaii 96714

Dear Mr. Chuant

In response to your correspcndence of February 4, 1995 regarding
Conservation District Use Application No. KA-2734, for the Acoustic
She, ngtry of Ocean Clirate (AMC) project, we have the following answers
to your three questions.

1. The Departnent is responsible for the CM process and the
Environmental Lqpact Statement process as outlined within Chapter 343
of the iafi Revised Statutes. The CaJA was triggered as a result
of sUbmergea laz use withiin tEe Conservation District as defined in
section 13-5-2 Definitions for "land use" under part 1 of Chapter
13-5, Hawaii Adis'trative Rules (Attachment 1).

2. The Hbrizontal Line array proposal originating from the WaMiniha River
was withMrawn, only the cable to power the sound source from the
Barking Sands site is carrent-ly requested as a part of M
#FA-2734. An indicated in the Draft EIS, cable w.s laid by the U.S.
Navy in 1983; no CUT. '-was required because of Ftemral Supremacy and
sovereign Izmunity as* outlined in the U.S. Constitution and coifiried
by subsequent Court decisions.

3. A public hearing is tentatively sheduled on Kauai for JUne 8, 1995
for CXZA #M-2734. Legal notices will be provided prior to this
bearing and the Department will provide you with a notice as well.

Pleýae feel free to contact Roy Schaefer of our Office of Conservation and
Environrental Affairs staff at 587-0377 if there are any further questions.

Aloha,

MICR2M D. WILSW4

Attachments

xcr Andrew Forles

***END.w,*
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January 4, 1995

State of Hawaii
Department of Land and Natural Resources - OCEA
P. 0. Box 621

.Honolsilu, H1 968.09

Attention: Roy Schaefer

Subject: Conservation District Use Application KA-2734
Acoustic Thermometry of Ocean Climate (ATOC)
Offshore, North Shore, Kauai.

Thank you for the opportunity to comment on the above referenced
application. The project will be located in ocean waters makai
of the shoreline, and therefore outside of the County of Kauai
Special Management Area (SMA). An SMA Permit will not be
required.

ALtho~.gh the project will be located outside of the SMA, we are
concerned with the potential impacts of the sound transmissions
on marine life. Xt is noted that the Marine Mammal Research
Program will evaluate the potential effects of the transmissions
on marine mammals and sea turtles. Impacts on other marine life
also should be considered. If significant adverse impacts on
marine life are noted, mitigation measures should be provided, or
the project should be reevaluated.

Pleas~e contact George Kalisik of my staff at 241-6677 if you have
any questions.

Sincerely,

Dee M'. Crowell
Planning Director

c.: *•ý*row Forbes, Scripps Institution of Oceanography

AN EQUAL OPORTUNITY EMKOYER

... ENDw**
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GOVERNOR WR A. MARKS

RUTH I. TSUJIMURA

STATE OF HAWAII RSTEP•qYATTORNEYGENERAL.

DEPARTMENT OF THE ATTORNEY GENERAL
REGULATORY DIVISION

465 SOUTH KING STREET, ROOM 200 "

HONOLULU, HAWAII 96813-2913

(808) S87-3050
FAX (808) 587-3077

December 16, 1994

FAX TRANSMISSION

Mary L. Hudson FAX: (510) 465-6248
1736 Franklin Street, Eigthth Floor
Oakland, CA 94612-3419

Dear Ms. Hudson:

Re: ATOC, Acoustic Thermometry of Ocean Climate Project
Water Quality Issues

This confirms points that I made in our phone conversation
yesterday. The following position is subject to confirmation
by the Hawaii State Department of Health.

The Hawaii State Department of Health (DOH) need not
process a section 401 water quality certification application
if no federal permit is required or if the federal permit does
not allow an activity that causes a discharge to state waters.
I understand that the DOH is waiting for a letter from the
Corps of Engineers (COE) as to what type(s) of permit(s) the
COE will.issue, if any, for the ATOC project. Historically, in
DOH's experience, COE section 10 permits have not involved
discharges and thus have not required DOH water quality
certification. DOH reserves its right to examine any activity
under any federal permit, including a section 10 permit, to
determine if a discharge is involved.

The State reserves its rights to regulate noise that harms
marine life in state waters. For now we have no evidence that
such harm will occur from the ATOC project, nor do we now take
a position on what laws, if any, will apply if there is harm.
We note that the director of health has authority to regulate
water pollution and noise pollution, HRS §§ 342D-4, 342F-3, and
state law prohibits causing water pollutants to enter state



Mary L. Hudson
ATOC project
December 16, 1994
Page 2

waters except as in compliance with statute, rules, a permit or
variance, HRS § 342D-50(a), and prohibits activities which
produce "excessive noise" without written permission from the
director, HRS § 342F-30. I am not aware that DOH has ever
tried to regulate noise in state waters. The ATOC project is a
very novel proposal that has yet to be implemented, and many
specific facts are thus uncertain. Also, you report that if
the marine mammal research phase shows any adverse effect on
marine life, the sound transmissions will be suspended and
operation of the program will be modified to mitigate such
adverse effect. You also report that after the marine mammal
research phase, a report of the findings will be published, so
that interested people can review the natter. Given the
uncertainty of facts now and the report of research later, and
given the claim that any possible harm would be momentary, we
think that it is premature to attempt to provide definite legal
answers about whether and how state pollution control laws
apply.

Yours truly,

Laurence K.a

Deputy Attorney General

c: Denis-R. Lau

2785+
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GLENN K. OKmOaoJOYCE T. OMINE

CALVIN K TSUDA

"c' r~i ~ IN REPLY REFER TO:

STATE OF HAWAII
DEPARTMENT OF TRANSPORTATION iDL N.Ian1 PUNCHIowL WTREET

HONO= HAAR IS-W7 0PMN 7.4343

October 25, 1994

TO: The Honorable Keith W. Ahue, Chairperso'
Board of Land and Natural Resources

FROM: Rex D. Johnson P
4irector of Trans 0 t

SUBJECT: Request for Comments - Conservation District Use
Application KA-2734 - Acoustic Thermometry of Ocean
Climate

Thank you for requesting our comments on the sutbJect CDUA.

The project does not appear to have any discernible impact on
our commercial harbor facilities or operations.

rcn

3>
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STATE OF HAWAII AWJmCNMW A

WAQ NT OF LAND AND NATURAL RESOURCES V:•V*$Mffx ,.M

STAll HISTORIC PRCSERVATION OVSION W,$0uPC190*0Pcm-mr

33 SOUTH KING STREET. GTH FLOOR • .oWA'"=6
HONOLULU. HAWAii 00813 (1taM'nmo wJVwx

W14St0C PIS-Tf

UJQ UAN#0J0October 18, 1994 VrATI P"M
WAT Q tAlc •OC.OeMWr.T

MEMORANDUM
LOG NO: 12880
DOC NO: 9410NM02

TO: Roger Evans, Acting Administrator
OCEA

FROM: Don Hibbard, Administrator'
State Historic Preservation Division

SUBJECT: CDUA KA-2734 Accoustic Termometry of Ocean Climateý (Scripp's
Institution of Oceanography), Pacific Missle Range Facility
Manra, Waimea, Kauai

No field check is required, as we believe that the project will have a "no effect" on
significant historic sites as it is offshore where it is unlikely that significant historic sites
are located..

If you have any questions, please call Nancy McMahon at 587-0006.

NM:jk



DEPARTMENT OF WATER
COUNTY OF KAUAI

P.O. BOX 1706
LIHUE. HAWAII 9676-76 6-S7

PHONE NO: (808) 24S-6986 FAX NO. 245-S813 A,

. -4

October 14, 1994 %-1 C--

Honorable Keith W. Ahue
Department of Land

and Natural Resources
P.O. Box 621
Honolulu, HI 96809

Re: Conservation District Use Application No. :.KA-2734 - Proposed
to Temporarily Place a Subsea Cable and a Sound Source on
Submerged Land off the North and Northwest Coast of Kauai, for
Research Experiment for Measuring Global Ocean Climate
Variability by the Use of Acoustic Signals in the Deep Sound
Channel, Kauai, Hawaii

We have no objections to this Conservation District Use
Application.

If there are any questions, please call Edward Doi at 245-6986.

Murl T. Nielsen

Manager & Chief Engineer

ED: et
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October 13, 1994
C1004EC

Mr. Andrew Forbes 6 _Institute of Geophysics and
Planetary Physics, 0225

Scripps institution of Oceanography
University of California, San Diego
9500 Gilman Drive
La Jolla, California 92093-0225 USA --

Dear Mr. Forbes: I

Reference is made to your August 29, 1994 letter to ibutenant L"
Colonel Bruce Elliott of the U.S. Army Corps of Englei (cat) <
Honolulu District, regarding the permitting requirei4tslfor-the
Acoustic Thermometry of Ocean Climate (ATOC) Facilita•Project,
Cable Installation off the northshore of Kauai.

The Department dces not concur with your conclusion with regards
to the requirements for a Section 401 Water Quality Certification
(WQC). Please be informed that Section 401(a) of the Clean Water
Act (CWA) requires "any applicant for a Federal license or permi-t
to conduct any activity including, but not limited to, the
construction or operation of facilities, which may result in aZ
discharge into the navigable waters, shall provide the licensing
or permitting agency a certification from the State in which the
discharge originates or will originate .... "

A Department of the Army (DA) permit issued under Section 404 of
the CWA authorizes the discharMe of dredged or fill material into
navigable waters at specific disposal site (emphasis added). A
Section 401 WQC or a waiver is required for all activities that
require a DA Section 404 permit. Enclosed for your use is one
(1) copy each of the Section 401 WQC application form and
guidelines.
In addition, Section 342D-1 of the Hawaii Revised Statutes

defines "Water Pollution' as:

"(1) Such contamination or other alteration of the
physical, chemical, or biological properties of
any state waters, including change in temperature,
taste, color, turbidity, or odor of the waters, or



Mr. Andrew Forbes
October 13, 1994
Page 2

(2) Such discharge of any liquid, gaseous, l ,
radioactive, or other substances into any state waters,

as will or is likely to create a.nuisance or render such
waters unreasonably harmful, detrimental, or injurious to
public health, safety, or welfare, including harm.
detriment, or injurv to public water supplies, fish and
aquatic life and wildlife, recreational purpose and
agricultural and industrial research and scientific uses of
such waters or as will or is likely to violate any water
quality standards, effluent standards, treatment and
pretreatment standards, or standards of performance for new
sources adopted by the department." (emphasis added)

There was insufficient information contained in your
August 29, 1994 letter to properly justify that both the
construction and operation related activities of the project will
not result in any awater pollution" in State waters. Additional
information is required to adequately address this issue. The
Department intends to evaluate the potential project related
impact to the State waters through the processing of a Section
401 WQC application.

In conclusion, the Department recommends that you submit a
complete Section 401 WQC application package which includes the
Final Environmental Impact Statement (FEIS) for further
evaluation.

Should you have any questions, please contact Mr. Edward Chen,
Engineering Section of the Clean Water Branch, at (808) 586-4309.

SSincerel

4trDENIS R. LAIJ, P.E., CHIEF
Clean Water Branch

EC:;8a

Enclosures: Section 401 WQC Application Form and Guidelines

c: U.S. Army COE, Operations Division (w/o encls.)
NOAA, National Marine Fisheries Service (w/o encle.)
Environmental Protection Agency, Region 9 (w/o encls.)

,,State Department of Land and Natural Resources (w/o encls.)
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STATE OF HAWAII
DEP•AR1T OF LAND AND NA'•URAL RESOURCES

Office of Conservation and Environmental Affairs
Honolulu, Hawaii

OCT 3 1994

"In. reply, please refer
to: FILE NO.: A.-2734! .

Acceptance Date:- 4
180-Day Exp. Date:!•9i/95
SUSPENSE D•M•E: 21 M 1
DOC. ID.: 4968 o=. -!

MEMORANI 7_-,- -

TO: Aquatic Resources, Conservation & Resources Enforcement,
Forestry &'Wildlife, Land Management, State Parks,;-Historic
Preservation, Water Commission, Water and Land Development,
Boating and Ocean Recreation, Natural Area Reserves System

FROlM: Roger C. Evans, Administrator
Office of Conservation and Environmental Affairs

SUBJECT: UXIEST FOR 024ES (Previously Circulated to All Divisiod
Conservation District Use Application

C.)

APPLICANT: Scripps Institution of Oceanography - n
University of California San Diego 0 "-

or- r
FILE NO.: KA-2734 mZ - -5

3>•3m
RP(EST: Acoustic T erixetry of Ocean Climate (ATOC) - -

Installation of Equipment on the Ocean Floor

LOCATI(I1: 8 Miles Offshore - North and Northwestern Side of Kauai

Tw(s) : Of fshore Kauai

PUBLIC HEARING: YES X NO

DOCARE: Please conduct a field inspection on this project. Should you
require additional information, please call Roy Schaefer at 7-0383.

If no response is received bspese date, we will asstme there
are no comments. October 14, 1994

OOFAW HAS NO COMMENTS
ROGER C. EVANS OR5OBCTION TIHE.ST.

Attachment(s)

cc: Kauai District MI"' G.
-tiICHAEL G. BrUcK



_oSATE OF HAWAII
Km DEPARDMM~ OF LAN~D AMD NAWAL RESURC

-I'l MT V ffice'of Conservation and Environmental Affairs
-M t~?UJE.Honolulu, Hawaii

-- U•.WL OCT 3 1994
FOR: . • •

...-- COMMEM.R RRE " In reply, please refer__ DRAR REPLY

FL" tO: FILE NO.: KA-27341
_IWU .. . Acceptance Date: 9/28/94

___S•mufDfU . 180-Day Exp. Date; 3/27/95

ENO COP ________ 7USPESE DATE: 21 days
DOC. ID.: 4968

NJ*

SAquatic Resources, Conservation & Resources Enforcement,
1-'--. Forestry & Wildlife, Land Management, State Parks,, 1istoric

Preservation, Water Oommission, Water and Land Development,
Boating and Ocean Recreation, bNatural Area Reserves System

e4r TC! Roger C. Evans, Administrator
Office of Conservation and Evironmental Affairs

SUJB3S1: RMJ=T FOR C=4ERTS (Previously Circulated to All Divisions)
Conservation District Use Application

APPLICANT: Scripps Institution of Oceanography
University of California San Diego

FILE MD. !@L-2734'

PaoE=T: Acoustic Thermmetry of Ocean Climate (ATCC) -

Installation of Equipment on the Ocean Floor

LOCATI(I: 8 Miles Offsbore - North and Northwestern Side of KC " ".

'w(s): Offshore Kauai. 7

PUBLIC HEARING: YES X no

D0CARE: Please conduct a field inspection on this project. Should you
require additional information, please call Roy Schaefer at 7-0383.

If no response is received spense date, we will assume there
are no coruients.

~~~0hoeftL

Attachme-nt(s) E /
RALSTONýAGATA, Stat

n inis t a to r



STATE OF HAWAII
DEP'A1ETh OF LAND ANID NWTURAL RE=CCJM = " ..- . O

Office of 0onservation and Evironmental Affair-- !.'-- :.-,÷ [
Honolulu, Hawaii tV' "#' s--s

OCT 3 all/b2i~O 4to Acetac / qS4

In reply, please refer _____•__.___l .
to: FILE NO. : .KA-2734:•

Acceptance Date:. 97.-Jz/_V.4. -. -
180-Day Exp. Date: 3/27/95
SUSPESE DATE: 21 dayssi DOC. ID.: 4968

TO: *Aquatic Resourdis, Conservaticn & Resources Enforcement,
Forestry & Wildlife, Land Management, State Parks,-Historic
Preservation, Water Cmmission, Water and Land Development,
Boating and Ocean Recreation, Natural Area Reserves System

FRCM: Roger C. Evans, Administrator
Office of aonservation and Environmental Affairs

SUBJECT: R1OUEST FOR CMEI'MS (Previously Circulated to All Divisions)
Conservation District Use Application

APPLICANT: Scripps Institution of Oceanography
University of California San Diego RECEIVED

FILE NM.: KA-2734 OCT 5 1994

REQUESr: Acoustic Thernm try of Ocean Climate (AT4C) - Div. of Aquatic Resource

Installation of Equipnent on the Ocean Floor

TJYxiTICN`: 8 Miles Offshore - North and Northwestern Side of Kauai

TWK(s) : Offshore Kauai

PUBLIC HEARING: YES X ND

DOCARE: Please conduct a field inspection on this project. Should you
require additional information, please call PRy Schaefer at 7-0383.

If no response is received s e ýdate, we will assume6 e 6 rT1
are no comments. cm r- n

FGE.R C. EMMIS

Attachment(s)

C~rq



STATE OF HAWAII
DEPARiMETw OF LAND AND NAMURAL EOURE , "

Office of Conservation and Environmental Affatfi.'. lý,'
Honolulu, Hawaii "c".

-. :'- "O
OCT 3994 19

In'reply, please refer*
'ffEE WO.::. J.A-2734 "

.Acceptance bate.: 9/28/94.
180-Day Exp. Date: 3/27/95
SUSPENSE DATE: 21 days
DOC. ID.: 4968

TO: Aquatic Resources, Conservation & Resources Enforcement,
Forestry & Wildlife, Land Management, State Parks,-Historic
Preservation, Water Comission, Rater and Land Development,
Boating and Ocean Recreation, Natural Area Reserves System

FCM Roger C. Evans, Administrator
Office of Onservation and Environmental Affairs

SUBJECT: REQUEST FOR C=4= (Previously Circulated to All Divisions)
Conservation District Use Application

APPLICANT: Scripps Institution of Oceanography /
University of California San Diego CD,

FILE M.: KA-2734

REUEST: Acoustic Thermomtrzy of Ocean Climate (AiOC) - -. -
Installation of Equip-nt on the Ocean Floor Piz

MlCATICK: 8 Miles Offshore - North and Northwestern Side of Kauaia.
C2

T (s) Offfshore Fauai "-

PUBLIC HtARf3lG: YES X n

DCARE: Please conduct a field inspection on this project. Should you
require additional information, please cal Schaefer at 7-0383.

If no response is received s e date we will assume there
are no corments.

Attachment(s) 
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DSPARflr'r OF LWI&D zi,.- 1,-,Lxr.LL p=- scuF<-s

Office of Conservation and nviro.-mental Affairs
HXYOlu lu, Hawaii

OCT 3 R9•4

DOC. 14.: 4976

IMERANIXU1

10: AUE, Chairperson

FM4: C .xnistrator
f Conse taion and Environmental A•ffairs

SUB=•r: Request to hold a public hearing for Cbiservation District Use
Applications:

I a O-DX1
CDXI APPLICANT" LOTATIcL FIki'a LuE .DATE

KA-2734 Scripps Institution Submerged Lands High Public 3/27/95
of Oceanography, Offshore of interest
University of north ard
California San Diego northwestern side

of Kauai

RECC4MRATIOM:

Pursuant to Section 183-41, h-S, as a,-endae, and Administrative Rules,"
Title 13, Chapter 2, as amend-; and as authorized by the Board of Land
and Natural Resources on November 2, 1984; it is recormended that the
Chairperson:



State of Hawaii
Department of Land and Natural Resources

DIVISION OF AQUATIC RESOURCES

Date: September 6, 1994

Paul'Kawamoto, Aquatic Biology Program Manager
RU: ; Richard Sixberry, Aquatic Biologist
.OH: Walter Ikehara, Aquatic Biologist
I8JECT: Comments on Conservation District Use Application.-KA-2734

3mment Roger Evans, Office of Conservation Date of Date
aquested by and Environmental Affairs Request 08/25/94 Rec'd. 08/25/94

ummary of Proposed Project

Title: Acoustic Thermometry of Ocean Climate (ATOC) Project

Project by: Scripps Institute of Oceanography, UCSO, La Jolla, CA

Location: Submerged Lands North of Kauai

Brief Descriptic-:

The Scripps Institute of Oceanography (SIO) proposes to carry out a project that
uses sound to indirectly measure the temperature of the north Pacific ocean. This
involves the laying of an undersea cable (already done) and the installation of a high-

)power, low-frequency transducer north of Hanalei Bay, Kauai in 829 meters depth. Another
transducer will be emplaced off California. Receivers will be in many sites around the
north Pacific.

In response to previous concerns about the effects of the sound pulses produced by
the transducer, SID proposes to monitor marine mammal and sea turtle behavior for a period
of six months before proceeding with the full 18 month project.

Comments:

In general, the DAR supports research leading to greate( knowledge of the ocean and
its marine life. However, we do not condome after-the-fact approvals for the laying of
the cable in October, 1993, without approval.

The proposed site of the transducer is 220 21.003'N, 1590 34.161'W, about 8 miles
north of Hanalei Bay in 829 meters depth. We recently placed a Fish Aggregating Device
(FAD) "EK" at 220 18.0'u, 1590 26.2'W in about 1,650 meters depth about 8.5 miles ESE from
the proposed transducer site. Although the sites are separated enough to preclude
interference bet,'een the FAD anchors and the cable, it is not known if the sound pulses
may affect the beh;avior cf fish around the FAD. As in the case of marine mammals, little
'is known about the effect of hich-power, low-frequency sound on fish. The proposed HUIRP
study may yield data on the effects of sound on marine mammals and turtles. In addition,
we suggest that opportunity is available for monitoring and investigating the effects of
artificially produced sound on other marine life as well.

COPY FOR YOUR

INFOR MATI ON



1. Authorize public heaciris for the puse, use; .'

2. Autdhorize preparing and] forwarding the hearing :-ice to
the applicant a4d other aifectad porsons.

Under the authority delegated by trhe
Board of Lad and Natural Resources
at its meting of beb er 2, 1984,
this request ftc PubLic bearing as
dese himin is hereby:

) DISPP•O•

Dated at Honolulu, Hawaii this

S'•A2"E OF HA I

By:b 4 ý,r(.A,. &
KEITH V1 AMPJC, 7 j a eBcer
Board of Land and Natural Resources



ao to Paul Kawamoto
je 2
)tember 6, 1994

: Conservation District Use Application No. KA-Z734

Further, there is considerable fishing adtivity in this area. Kauai fishermen
ught- 37,590 pounds of fish- in F.isheries Statistical Area No. 523 during calendar year
93, which encompasses the area where the transducer will be deployed. 'About 34,425"
unds were, caught by trollers and 2,768 pounds by bottomfishermen, so much of the
tivity is off-shore.

Finally, the hypothesis that sound can be'used to obtain average ocean temperatures
:ems reasonable, but the need for this particular approach is not explained in the CDUA.
ir example, ocean thermal data are currently collected by merchant shipping using XBT
.xpendable bathythermograph) recorders, USN, USCG, and NOS ships, NOAA data buoys,
Ltellite imaging, and other research and co•.mercial vessels. The applicant should
iarify why existing ocean thermal data collection measures need to be supplemented by the
rOC project.



DEPARDMOFl LAND AND NATURAL RESW
Office of Conservation and Environmental Affairs -

flVolulu, Hawail i

FILE N3.: KA-2734
•J•SPE.lATE- Three weeks :• DOZ~M. ID.: 4834;-.

• • .•)U 2.5 199..4.

TO: Aquatic Resources; Conservation & Resources Iforcement;
Forestry & Wildlife; Historic, Preservation Division; (Mid

;Management; Natural Area Reserves System: State Parks; Water and
Land Development; Ocoumission on Water Resource Management;
Boating and Ocean Recreation

FRC..: Office of Conservation and Environmental Affairs

SUJBJ : Application for Proposed Use of State-Owned Conservation
District Lands, Review for Chairperson's Signature

Attached is a copy of an application submitted by Scripps Institution of
Oceanography for the Acoustic Thermometry of Ocean Climate (ATOC) project
on submerged land identified as of fshore of Kauai, off the north and
northwestern side of Kauai.

Board action following the approval of Title 13, Chapter 2, Administrative
Rules, as amended, approved on June 22, 1981, requires all applications
involving the use of State-owned lands to be signed by the Chairperson on
behalf of the Board of land and Natural Resources as landoner. Exceptions
to this procedure may occur where the applicant provides evidence
indicating a legal interest in the property or proposed site of use in
accordance with Section 2 of Chapter 183-41, HRS, as amended.

Consequently, your comments and recommndations on the application with
respect to present and future programs for which you are responsible will
be forwarded to Ch Ciairperson to consider before signing the
application. It should be noted that "the Chaizperson's signature on the
application is only to cply with CEM procedures and does not mean the
endorsement of the proposed use.

Your ccoperation and early response, with the return of all attachments,
will be appreciated. Should you have any questions, feel free to contact
Roy Schaefer of my staff at 7-0377.

If no response is received by the suspensen a we will assume there are
no catuents. Q3

Attachments C) 1 - I.,
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Dr. Christopher Clark
Director,. ATOC Marine Mammal Research Program
Cornell Bloacoustics Research Program
Cornoll Laboratory of Ornithology
159 Sapsucker Woods Road
Ithica, NY 14850

Dear Dr. Clark,

This is in regard to the permit applications (P557 and PS57A) end subsequent modifications
requested by the Scripps Institution of Oceanography's (SIO) Acoustic Thermometry of
Oce.a Climate Project (ATOC) which added five listed sea turtle species for scientific
research under the Endangered Species Act (ESA).

We arm concerned that ATOC transmissions may adversely affect sea turtle populations In
Kauai and Point Sur. During the public comment period, it was brought to our attention that
some sea turtles are sensitive to low frequency sounds from 25 to 750 Hr.. Loggerhead sea
turtes (Q~rrJJA carnla exhibit a startle response to very low frequency sounds, with intensity
in excess of 175 dB.

There aro significant sea turtle populaiions in the waters near Kauai and Point Sur, the
proposed locations for the ATOC source transmissions. These regions provide important
foraging areas for rcsident wea turtcs and serve as migratory corridors for sea turles
travelling between their feeding. and breoding areas. There are also some sea turtle nesting
locations on Kauai. We are concerned about all listed species that oceur-ln these ares,
recognizing that you are most likely to encounter green 09b9811 Myd.) and leatherback
(Qermo1bc1ys cria ) sea turtles off Kauai and katherbacks off Point Sur.

The sea turtle research proposed in the permit aplications includes monitoring sea turtles
during aerial observations and surveys for inarin, mammals. Visual observations
(aerial/vesse.llad) alone may not be sufficient to monitor the behavior of sea turtles. Such
observations can be used to estimate distribution and abundance.

Wc strongly recommend that you develop &. more comprehensive research program to
dctcrmlnc the behavioral and physiological effects of the ATOC project on sea turtles. The
ATOC group has assembled a well quaific.d tc-ain of marine mamhbial expert.. \We
rocornmcnd a similar t=am of sca turtle



ixparts be asemtbled to advise the ATOC project and develop an adequate research program
to determine the effocts of the ATOC sourc transmissions on listed sea turles. A
4OAAWN4PS Pacilc Basin Sea Turtle Recovery Team Is already assembled and may be

able to provide advise to the ATOC project. Dr. Scott Eckert, Recovery Team Coordinator,
may be contac•t at (619) 226.3872.

Please contact Carol Fairfield of my staff if you have any questions.

Sincerely,

Ann Terbush, Chief
Permits Division
Offica of Protectcd Resources

cc: Ralph Alowine
George BUJazU
Scott Ecken
Carol Fairfield
Andrew Forbes
David H1yde
Walte" Munk
Clayton Spikes
Phil Williams
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October 21, 1994

KD-94: 1318

To: Roger Evans
Attention: Roy schaefer

From: Sam Lee ,---

Subject: File No. NA-2734, ATOC Installation of Equipment
on OCe.an Floar. Nrt~hwest Kauai.

As reqLuested by DWNR-DLW pink slip dated October 13, 1994, we
have reviewed the application- submitted by Scripps Institution of
Oceanograph regarding the above matter.

Inasmuch as the proposal does not afftct present or future
Land Management programs on Kauai, we have no objections to the
project.

cc: Mason Young
Herbert Apaka, Jr.

X L: ml
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(Incoming)
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November 7, 1994

Department of Land and Natural Resources
P.O. Box 621

Honolulu, Hawaii 96809Attention: Roy Schaefer

.... r' z., RE: Kauai Offshore Acoustic Thermometry of
Ocean Climate Project

An .Dear Mr. Schaefer:

I am writing in response to the EIS preparation
notice, published pursuant to the Hawaii Environmental
Policy Act ("HEPA") in the OEQC bulletin of October 8,
regarding the Acoustic Thermometry of Ocean Climate
("ATOC") project proposed for the coast of Kauai. We

"-,v C,4..wl. provide these comments on behalf of the following 20
,.er.1444 organizations: Save Our Shores, The Fund for Animals,

.- O. L.... Great Whales Foundation, Greenpeace, In Defense of
M.k. ,.r,-t Animals, Earth Island, Friends of the Sea Otter,

Surfrider Foundation, Surfers' Environmental Alliance,
"Coastal Advocates, People for the Ethical Treatment of
Animals, Hawai'i's Thousand Friends, Life of the Land,
Sierra Club -- Hawai'i Chapter, Animal Rights Hawai'i,
Hawai'i Audubon Society, Citizens Against Noise, Save
Our Surf, Kaua'i Friends of the Environment, and the
Hawai'i Fishermen's Foundation.

We have previously submitted detailed comments
(dated April 14, April 29, Hay 6, May 14 and November
4, 1994) to the National Marine Fisheries Service
("NMFS") and the Advanced Research Projects Agency
("ARPA") regarding the scope of the EISs being prepared
pursuant to the National Environmental Policy Act
("NEPA"), the Scientific Research Permit ("SRP")
Applications that have been submitted to NMFS by
Scripps Institute of Oceanography for the Kaua'i and
California ATOC projects, and other aspects of the
program. The issues relevant to the scope of the EIS
being prepared for the Kaua'i project pursuant to HEPA
are substantially similar to those we raised in our
prior comments. Consequently, we are attaching copies
of our prior comments to this letter, and hereby
request that they be considered as scoping comments for
the EIS under preparation pursuant to HEPA.



Mr. Roy Schaefer
November 7, 1994
Page 2

In our previous comments we detailed at length the need for
MMFS and ARPA to prepare a comprehensive, programmatic
environmental review that evaluates the cumulative impacts of the
ATOC proposal, prior to any elements being implemented. Recent
events -- including "playback" studies planned off KauaL, and an
Acoustic Engineering Test scheduled to occur over the next two
weeks off Baja California -- have heightened the need for such a
review.

On October 14, 1994 we became aware of "playback" studies,
funded and coordinated by ATOC, that are planned for the waters
off Kaua'i this winter. These studies involve the use of a
mobile (boat based) transmitter, brcadcast.ng a tape recording of
the 70hz ATOC signal at 170 dB. The researchers propose to use
the boat, in conjunction with shore-based observers and existing
hydrophone arrays, to track whale pods (consisting of one or more
individuals) for periods of 1 to 2 hours. Playback trials will
be conducted by positioning the boat in front of the pod,
deploying the transducer, and broadcasting the recorded ATOC
signal, for periods of 15 minutes. Visible responses to the
signal are proposed to be noted by shore and boat based
observers, and acoustic responses recorded via the hydrophone
array.

A request for modifications and an extension to an SRP
(Permit No. 813) previously issued for this research were
submitted to NMFS on July 25, 1994; neither has been granted to
date. According to the SRP application, the work is a component
of the ATOC research proposal submitted by Scripps to the Defense
Advanced Research Projects Agency (now ARPA). The previous
permit conditions allowed for up to 1000 takes of humpback whales
by harassment. Harassment is considered to be:

the disruption by any act or omission of the behavior
or activity exhibited by a whale immediately prior to
the act or omission. A disturbance or disruption of
normal behavior shall be considered to be any of the
activities listed in 50 C.R.F. 222.31(a) (4): a rapid
change *in direction or speed; escape tactics such as
prolonged diving, underwater course changes, underwater
exhalation or evasive swimming patterns; interruptions
of breeding, nursing, or resting activities; attempts
by a whale to shield a calf from a vessel or human
observer by tail swishing or by other protective
movements; or the abandonment of a previously
frequented area.

SRP No. 813 at 2.



Mr. Roy Schaefer
November 7, 1994
Page 3

Common sense tells us that the playback studies and the
associated 1000 takes of humpback whales (as well as a requested
100 takes of sperms whales, and an indefinite number of takes of
other species of marine mammals) are justifiable only if ATOC is
the best possible method of measuring global ocean temperature.
Logically, such a determination can be made only a
alternatives to ATOC have been considered. A consideration of
alternatives is required by the Marine Mammal Protection Act
("MKPA"): regulations adopted pursuant to the MMPA (see 50 C.F.R.
S 216.31(a)(10)), require a detailed justification of the need
for taking of animals listed as endangered, including a
discussion of possible alternatives. Consideration of
alternatives is also required by NEPA (as we have detailed
previously) as well as HEPA (H.R.S. S 11-200-17). To date,
however, no consideration of alternatives has been undertaken,
and no determination made regarding the relative benefits of ATOC
in comparison to other research programs on global ocean
temperature.

Similarly, it is clear that the playback studies will be of
benefit to marine mammals only if the ATOC program is actually
modified in accordance with the results of the playback studies.
To date, however, no commitment has been made that the ATOC
program will be modified or aborted in response to results of the
playback studies: the SRP for the playback studies states (at 3)
"if low frequency sound is found to alter the behavior of whales,
then the design of the LFS-ATOC experiment could then be modified
to take these effects into account." (Emphasis added). Playback
studies can therefore not be justified at present.

We have outlined the need for a programmatic EIS in our
prior comments; the proposed playback studies and AET have made
the need for a programmatic EIS even more compelling. The scope
of the EIS currently under preparation must address the entire
ATOC program. Failure to prepare such a comprehensive review
will at a minimum constitute a violation of NEPA and HEPA.
Failure to prepare a programmatic EIS prior to initiation of any
playback studies will additionally constitute violations of the
KMPA and Endangered Species Act.

I appreciate your careful consideration of the concerns that
we and others have raised regarding these projects.

Very truly yours,

Mark Smaalders
Resource Analyst
Mid-Pacific Office



Mr. Roy Schaefer
November 7, 1994
Page 4

cc: Office of Environmental Quality Control

(without attachments):
Dr. William W. Fox, Jr., NMFS
Dr. Ralph W. Alewine, ARPA
Andrew Forbes, Scripps Institute of Oceanography
Hawaii and California Coalition on ATOC
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Dear M'r. achaefe-rt ov &r 7, ,g94

Z anm writing to as): that DLMit refuse to grant Bdr ation
Distrio Use Application OXA-2734, and to propo. th t th4
ZIS for the ATOC Project should ba qlobal in a inoa it
may ultimately threaten life -not JUt "marine.oit. *but
possibly human li•e, as wall- in all the world's oa ,ni.

I am partioularly o•onlernod about the posaiblt * •ao of the
ATOC Projact on Hawaii's Ampback whalas, vhioh re iuppoiad
to be protactd by Law, as I indicatad in my tas :ioi y to
the National Xarine FiSheril .lervica (a copy ot which X
havy enolosed, and Ask to b. put on reoord).

it -bothers no greatly that COUA fKA-2144 does no in j.uad
the required )(anagegt :PlajI for the Xarine .aa 1 aaroa
Projeot, which is the heart of tth. application, art oularly
since Soripps is honest enough to adait that "th .pr oe
cable .,. was prematurely laid in October 1993. P olet
that happen? What has happened to them? And zin Box ipps
admits that they jumped tho gun, why have they n. t n
found in violat ion of the law and tinad?

Basioally, I am asking that DLKR do its job and rot t our
environment. Please deny the Conservation Distri tC U
Application. Plpas a fo; t-he law, and rot1c . a aenders
who break the law, Please asa for a 18 at ia
scope, and that includes posaible afteats on hQlf no.

Thank you vary nuon %or your time and attention,

Malama Ponl

Claud-Sutolitte?
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f , ) "'*""' Via Facsimile Transmission

\tue.F..• ,rI. cr Dr. Ralph W. Alewine, III
N,•. Director, Advanced. Research Projects Agency

Nuclear Monitoring Research Office
.,U,,L..,,41- 3701 North Fairfax Drive

,, Arlington, VA 22203

Dr. William W. Fox, Jr.
.% Fri..... o.CJi,,,n-,Director, Office of Protected Resources

National Marine Fisheries Service
"'"'• 1335 East-West Highway, Room 13130

fl,,',.%"tL,,,l,, Silver Spring, MD 20910

.- o.nu..•n Dr. Walter Munk
Q•,.•ia..W"on Scripps Institution of Oceanography
ri,.s.f.. ~ 221 IGPP Building/Mail Code 0225

Wvhp D.C. 9500 Gillman Drive

La Jolla, CA 92093

Re: ATOC Acoustic Engineering Test

Gentlemen:

We write on behalf of a coalition of the following 20
organizations: Save Our Shores, Natural Resources Defense
Council, The Fund for Animals, Great Whales Foundation,
Greenpeace, In Defense of Animals, Earth Island Institute,
Friends of the Sea Otter, Surfrider Foundation, Surfers'
Environmental Alliance, People for the Ethical Treatment of
Animals, Hawai'i's Thousand Friends, Life of the Land, Sierra
Club - Hawai'i Chapter, Animal Rights Hawai'i, Hawai'i Audubon
Society, Citizens Against Noise, Save Our Surf, Kaua'i Friends
of the Environment, and the Hawai'i Fishermen's Foundation.



Drs. Alewine, Fox, and Munk
November 4, 1994
Page 2

We are greatly disturbed by, and vigorously protest, the
manner in which Scripps Institution of Oceanography ("Scripps") and
Advanced Research Projects Agency ("ARPA") have chosen to proceed
with the acoustic engineering test ("AET") of the ATOC sound source
off the California coast, and National Marine Fisheries Services'
("NIMFS'") disregard of its legal obligations. Scripps' and ARPA's
insistence upon carrying out the AET in the absence of an EIS for
the ATOC program, concealment of the intended date of commencement
of the test until approximately two weeks beforehand, failure to
distribute any protocol or environmental assessment until one week
in advance of the test date, and failure to allow for any public
comment on the belated EA all demonstrate clearly Scripps, and
ARPA's aversion to public access and input. It is equally clear
that Scripps and ARPA are intent upon continuing their consistent
pattern of seeking to avoid compliance with federal law that
mandates such access and input, as well as meaningful analysis of
environmental impacts and alternatives to their proposed
experiments. By lending its imprimatur to these activities, NHFS
is disregarding its obligation under the Marine Mammal Protection
Act ("11MA") and Endangered Species Act ("ESA") to- ensure that
marine mammals are protected, and to comply with the National
Environmental Policy Act ("NEPA").

As we have described in our scientific research permit
application and EIS scoping comments dated April 14, May 6, and May
14, 1994, NEPA requires NHFS and ARPA to prepare a comprehensive
programmatic EIS that evaluates the cumulative impacts of the ATOC
program before any significant aspect of the program is
implemented, and before resources are irrevocably committed. This
obligation cannot be avoided merely by arbitrarily breaking out
various portions of the program into convenient units or phases and
then analyzing (or failing to analyze) them in isolation. AET, as
an interdependent part of the larger ATOC program that depends for
its justification on that program as a whole, is a "connected
action" within the meaning of 40 C.F.R. S 1508.25(a)(1)(iii). The
AET also will have cumulative impacts when viewed with the other
parts of the ATOC program, as described in 40 C.F.R. S
1508.25(a)(2). The impacts of the entire ATOC program therefore
must be fully considered, and alternatives to that program fully
explored, in a programmatic EIS, and that EIS must be subjected to
the required review and comment process, before an AET is
conducted. NMFS and ARPA are required to take affirmative steps to
insure compliance with this process, such as seeking injunctive
relief or sanctions. 40 C.F.R. S 1506.1; Memorandum: Questions and
Answers About the NEPA Regulations, 46 Fed.Reg. 18026 (Mar. 23,
1981), as amended, 51 Fed.Reg. 15618 (Apr. 25, 1986) ("Forty
Questions"), Question 11. Instead, they are aiding and abetting
the law's disregard.
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Even if it were appropriate to pretend that the AET is a
stand-alone project that is not being undertaken to implement the
larger ATOC program, and therefore to consider the impacts of the
AET in isolation, the last-minute notice of the test and exclusion
of public input are wholly improper. Scripps states in its October
24 press release that the AET was discussed as early as July 19,
1994, as though the public was given four months' notice of the
test. Neither a date for the test nor a protocol- were provided at
that time, however. It appears that neither Scripps nor ARPA nor
NMFS had any intention of notifying the public that the AET was
actually going to be conducted, starting on November 9, until after
we discovered that playback studies near Kaua'i were being planned,
and Scripps was persuaded that further concealment of those plans
from the public was ill-advised. Only then did Scripps issue the
October 24 release, disclosing the AET plans together with the
playback studies. The fact that the AET was discussed in general
terms in July thus shows, not that the public has been kept
adequately informed, but rather that Scripps, NMFS, and ARPA have
had months to make known their specific plans, yet chose not to do
so until the eleventh hour; even then, it is questionable whether
this disclosure was entirely voluntary.

Scripps', ARPA's, and NMFS' approach to the environmental
assessment of the AET similarly demonstrates a refusal to subject
their actions to public scrutiny, as though only those with vested
interests in seeing ATOC proceed are qualified to comment on any
aspect of the program, or are even entitled to know about it. The
AET has been planned for months, and the commencement date was
selected weeks, if not months ago, yet the EA - revealing for the
first time not only the AET's potential environmental impacts, but
also the manner in which the test will actually be conducted - is
being made available to the public less than one week before the
test (and even then only with difficulty; it took several days of
telephone calls to pry the EA loose.) The timing of the EA's
release in relation to the test obviously indicates ARPA's intent
to thwart public participation and comment on the EA, in violation
of law. Therefore, on behalf of our clients, we hereby request a
public hearing and a 30-day comment period before the AET is
scheduled to proceed.

Failure to allow for public involvement in, or comment on, the
EA violates both the CEQ's NEPA regulations and the Department of
Defense's own NEPA regulations. The former provide:

Agencies shall:
(a) Make diligent efforts to involve the
public in preparing and implementing their
NEPA procedures.
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(c) Hold or sponsor public hearings or public
meetings whenever appropriate or in accordance
with statutory requirements applicable to the
agency. Criteria shall include whether there
is:

(1) Substantial environmental controversy
concerning the proposed action or substantial
interest in holding the hearing.

40 C.F.R. S 1506.6 (emphasis added). Section 1501.4(e) (2)
provides:

In certain limited circumstances, which
the agency may cover in its procedures under S
1507.3, the agency shall make the finding of
no significant impact available for public
review . . .
for 30 days before the agency makes its final
determination whether to prepare an
environmental impact statement and before the
action may begin. The circumstances are:

-(2) The nature of the proposed action is
one without precedent.

(Emphasis added). CEQ has interpreted this rule as mandating
public review "if it is an unusual case, a new kind of action, or
a precedent setting case such as a first intrusion of even a minor
development into a pristine area" or "when there is either
scientific or public controversy over the proposal." Forty
Questions, Question 37b.

The Department of'Defense's NEPA regulations, applicable to
ARPA, provide:.

Public Participation. DoD Components
shall involve environmental agencies,
applicants, and the public, to the extent
practicable, in preparing environmental
assessments. In determining "to the extent
practicable," factors that may be considered
include:

a. Magnitude of the proposal,
b. Likelihood of public interest,
c. Need to act quickly,
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d. National security
classification issues.

32 C.F.R. Part 188, Enclosure 1, paragraph 3 (emphasis added).

That there is substantial controversy concerning all aspects
of ATOC-is obvious; this, presumably, is precisely why the public
is being excluded from the process. As far as we. know (that is to
say, as far as you have informed us), the AET is "without
precedent." (If not, there is no need to repeat a test that has
been previously performed.) Now that the test plans have been
disclosed, we are informing you that there is "substantial
interest" in a hearing.

In the face of these legal requirements, there is no excuse
for persisting in performing the AET without a hearing and without
public comment. The law does not exempt from the NEPA process
agencies or applicants who wish to preserve their funding.

In addition to the violations of NEPA's procedural
requirements that will result from conducting the AET in the
absence of a programmatic EIS and a comment period on the EA,
Scripps and ARPA will also be courting violations of the MMPA and
ESA. Scripps' October 24 press release claims that "the AET
experiment protocol is designed to eliminate any potential effects
on marine mammals from sound transmissions during the test," but
this is obvious hyperbole. Indeed, that the AET will likely harass
marine mammals - including the endangered sperm whale - is evident
from Dr. Fox's October 21, 1994 letter to Dr. Alewine (the "Fox
Letter") and the EA. The Fox Letter points out: "Ideally for
reducing possible harassment of marine mammals, a location away
from the sea mount would be preferred, however, this would not
serve in testing sound propagation near the bottom. For that
reason, when testing in the vicinity of the Seamount, the
recommended mitigation measures described below should be closely
followed to avoid potential marine mammal harassment."

Clearly, the protocol was not "designed to eliminate any
potential effects on marine mammals." It was designed to allow

1 We are aware that 32 C.F.R. Part 188 purports to be limited
to DoD activities with environmental effects in the United States.
Since the marine mammals that would suffer adverse impacts as a
result of the AET would almost certainly be migrating through
United States waters, the environmental effects will be felt in the
United States. Any argument to the contrary would not only
underscore that ARPA is grasping at technical straws to avoid
public disclosure, but fuel the suspicion that the AET sites were
selected in part for that purpose.
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Scripps and ARPA to test the ATOC sound source in an area where
they might obtain sound propagation data, while avoiding the public
scrutiny associated with testing in an area more densely populated
with marine mammals.

It is equally apparent that "any potential effects" on marine
mammals will not be "eliminated" by following the protocol. The
methods proposed for detecting marine mammals in the test area are
far from foolproof. According to the Fox Letter, the "field of
modified behavior" - that is, the zone of harassment - is an area
of 1,257 square kilometers surrounding the source at a depth of 700
meters at the deep-test site, and an area of 2,827 square
kilometers at the Jasper Seamount. The suggestion that the
combination of visual sighting from a single location and acoustic
monitoring of those marine mammals that happen to be vocalizing
will ensure, even during the daytime, that these vast areas will be
free from marine mammals prior to transmission of the acoustic
signal is, frankly, absurd.

Dr. Fox points out in his letter that "not all whales vocalize
all the time," and expresses NMFS' "concern" that "acoustic
monitoring may not be able, by itself, to ensure detection of all
mammals" - and Dr. Fox is referring to detection within a "surface
safety zone" only 1/225th the size of the zone of harassment. Dr.
Fox therefore stresses the -need for visual sighting, and notes the
increased difficulty of effective visual sighting at night (since
ARPA and Scripps insist upon continuing their experiment around the
clock.) The use of an infrared scope for nighttime sighting does
not solve the problem. Aside from the practical impossibility of
ensuring that a huge area is free of marine mammals using a
nightscope (to view the irregular surface of open ocean, no less),
the EA and the Fox Letter reveal that the zone of harassment at
depth is far larger than the zone at the surface. It is plain from
the Fox Letter' that, given the maximum range of 25-power
binoculars, the area that could conceivably be covered by visual
detection is only a small fraction of the zone of harassment
beneath the surface (in the case of Jasper Seamount, about one
seventh.) Not only is acoustic detection of whales inherently
unreliable because, as Dr. Fox notes, "not all whales vocalize all
the time" (and, as the Heard Island Feasibility Test showed, may be
even less likely to do so in the presence of disturbances in their
environment), but it is unclear whether acoustic monitoring is
effective at all once transmission begins. Moreover, according to
the EA, Scripps will not terminate transmission unless it happens
to detect a marine mammal within 10 km of the "deep site" or within
15 km of the Jasper Seamount site. Yet, according to the Fox
Letter, the zone of harassment extends twice these distances from
the sound source at a depth of 700 m. Finally, suggesting that
marine mammals disturbed by the transmission could avoid or swim
out of the area, as does the EA, is simply another way of saying
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that any whales that are harassed by the AET can leave if they
don't like it. If this occurs, Scripps and ARPA will be in
violation of ESA and ?MPA. Pointing out in an EA that harassment
may well occur, and then finding that there will be no significant
impact and no permits will be required, flouts the law.

NMFS' laissez-faire approach to the AET, despite its expressed
"concerns" and the fact that implementation of the suggested
measures will not obviate their basis, is contrary to law and
completely unacceptable. ARPA and Scripps, in plunging ahead with
the AET in the face of the legal issues discussed herein, do so at
their peril.

We repeat our requests for a programmatic EIS, for a public
hearing, and for, at a minimum, a 30-day public comment period
before the AET or any other field testing of ATOC goes forward.

Very truly yours,

cc: Hawai'i/California Coalition on ATOC
Sen. Daniel Inouye
Sen. Daniel Akaka
Rep. Patsy Mink
Rep. Neil Abercrombie
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May 14, 1994

.1- Dr. Ralph W. Alewine, III
S.let PAC, Director, Advanced Research Projects Agency

Nuclear Monitoring Research Office
3701 North Fairfax Drive
Arlington, VA 22203

.,v . ., J ..I..np.•,,m.

,-,. Neimn Dr. William W. Fox, Jr.
Director, Office of Protected Resources

.,,S.•C.¢.... National Marine Fisheries Service
.F_ Wio"J-1335 East-West Highway, Room 13130

H..... . Silver Spring, MD 20910
,Akjn R. ir

'- Re: ATOC Project, Pt. Sur, California
Research Permit Application. P557 and P557A

.lnmu. Ag.u- -FabeaW Au . PoIF-. Z
A.F.P.i,/.~ Dear Drs. Alewine and Fox:

ot, Turner The Mid-Pacific (Honolulu) and San Francisco
*..,,,'w Offices of the Sierra Club Legal Defense Fund ("SCLDF")

jointly provide the following comments on the Acoustic
Thermometry of Ocean Climate ("ATOC") Project,
Scientific Research Permit ("SR.P") Applications

)tower cproposed by the Scripps Institute of Oceanography,
4kHh., Institute for Geophysics and Planetary Physics

"("Scripps"), for the waters off Pt. Sur, California
-cm.%Lou,- (P557A), and Kaua'i, Hawai'i (P557).

W,",ton.FhnC. We provide these comments on behalf of a coalition

of the following 19 organizations: Save Our Shores,
The Fund for Animals, Great Whales Foundation,
Greenpeace, In Defense of Animals, Earth Island,
Friends of the Sea Otter, Surfrider Foundation,
Surfers' Environmental Alliance, People for the Ethical
Treatment of Animals, Hawai'i's Thousand Friends, Life
of the Land, Sierra Club -- Hawai'i Chapter, Animal
Rights Hawai'i, Hawai'i Audubon Society, Citizens
Against Noise, Save Our Surf, Kaua'i Friends of the
Environment, and the Hawai'i Fishermen's Foundation.

These comments on behalf of the coalition are
offered in addition to oral and written testimony
submitted by the Mid-Pacific Office of SCLDF (1) on
April 14 and 15, 1994, at the Hawai'i public hearings
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on April 14 and 15, (2) on April 29, 1994 (supplemental written
comments on the SRPs submitted to Dr. Fox), and (3) May 6, 1994
(supplemental Environmental Impact Statement ("EIS") scoping
comments submitted to Dr. Fox). We incorporate those comments
by reference here.

INTRODUCTION

As you know, we have consistently argued for the need
to conduct a full and comprehensive review of the environmental
impacts associated with the ATOC program. As outlined in our
April 14 and May 6 comments, the National Marine Fisheries
Service ("NMFS") and the Advanced Research Project Agency'

("ARPA") of the U.S. Department of Defense have an obligation
under the National Environmental Policy Act ("NEPA") to prepare
a comorehensive programmatic environmental review that
evaluates the cumulative impacts of the ATOC proposal.

The obligation to conduct a programmatic review exists
separately from, and in addition to, the obligation to prepare
site-specific EISs, such as those that are in preparation for
the Kaua'i and Pt. Sur projects. The focus of the
environmental reviews now being conducted are the scientific
research permit applications submitted to NMFS, each of which
requires careful and intensive scrutiny, as explained in detail
below. The scope and potential impact of the larger program
demands a separate and comprehensive environmental review,
however.

Incredibly, the larger ATOC program has thus far escaped
any environmental review, despite the fact that $56 million in
federal funds have been allocated to the Acoustic Monitoring of
Global Ocean Climate program of the Strategic Environmental
Research and Development Program ("SERDP"), for the period
1992-1995 ("Phase I"). $32 million of this is to be allocated
to ATOC2 , with the balance directed to the related Global
Acoustic Mapping of Ocean Temperature effort. Of ATOC's $32
million Phase I funding, $21 million had been expended as of
12/31/93. An additional $50 million in federal funds are to be

I Many concerns have been raised during the public comment
period about the role of the Department of Defense, and in
particular the Nuclear Research Monitoring office, in funding and
administering this project. The EIS must fully disclose why
these agencies are sponsoring this research.

The ATOC Revised Scope of Work (December 15, 1993) at 3
lists 18 institutions that are receiving funds for ATOC Phase I
work, totalling $35 million.
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spent on the Global Ocean climate program between 1995 and 1997
("Phase II"), for a total of $106 million between 1992 and
1997. See ATOC Financial Status Report for the period
10/1/93 through 12/31/93; Global Ocean Climate Briefing
Prepared for the SERDP Science Advisory Board, January 26, 1994
(hereinafter "Science Advisory Board Briefing").

The ATOC project and the related Global Ocean Climate
programs funded and acdministered by ARPA clearly qualify as
major Federal actions, which, as we review in detail below, may
have very significant impacts on the quality of the human
environment. Major Federal actions can include

"federal or federally assisted research, development
or demonstration programs for new technologies
(Environmental Impact] Statements shall be prepared
on such programs and shall be available before the
program has reached a stage of investment or
commitment to implementation likely to determine
subsequent development or restrict later
alternatives." 40 C.F.R. S 1502.4. (emphasis
added).

U.S. Representatives Patsy Mink and Neil Abercrombie
expressed their dismay over the fact that federal funds had
been expended without public notice, and without preparation of
an environmental review, and called for a full explanation of
spending to date, and the authority under which it took place.
See Joint Statement by U.S. Representatives Patsy Mink and Neil
Abercrombie to NMFS, April 15, 1994. We share their dismay,
and call for a halt to any additional spending by ATOC, GAMOT
or other components of SERDP's Global Ocean Climate project,
until such time as a comprehensive, programmatic environmental
review is completed.

A review of the scope of the Ocean Climate Program and its
ATOC components clearly highlights the need for a-programmatic
EIS. According to the Acoustic Monitoring of Ocean Climate
Phase 2 Proposal Overview (hereinafter "Phase 2 Proposal"),
dated January 16, 1994, at 4, plans are in place for expansion
of the ATOC network to the Indian Ocean, southern Atlantic and
north Atlantic basins in a phased effort beginning in 1995; an
Atlantic ocean experiment to explore acoustic path options is
slated for late 1994. These efforts will include significant
international participation by research institutions in 11
countries. See Science Advisory Board Briefing.

Expansion of the ATOC network in this manner has the
potential not only to increase the significance of total impact
on the species already going to be affected by the Kaua'i and
Pt. Sur portions of the project, but also to impact many
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additional species of marine mammals, sea turtles and other
marine life.

The Pt. Sur and Kaua'i ATOC projects are key elements in
the development of the global network, and in the development
of "models to predict the effects of man-made noises on marine
mammals." ATOC SRP App. P557 at 11, SRP App. P557A at 15. If
the California and Kauali projects prove successful,
researchers clearly intend to expand the scope of ATOC. In
addition, the Phase I effort currently funded by ARPA includes
elements that contribute significantly and directly to the
establishment of that global network, including its overall
design. See ATOC Technical Proposal, Volume I at 65. Other
elements of Phase I include Internaticnal Hardware Development
and Network Operations that are intended to provide assistance
for development of a Russian source, and testing and
installation of receivers in Tahiti, New Zealand, Taiwan and
Australia. ATOC Technical Proposal, Volume I at 70.

In addition, the ATOC Grant Application (Vol. 1: Technical
Proposal) indicates that the currently funded Phase I work
includes a third sound source:

"we specifically propose to undertake the following:
(1) to procure three low frequency sound sources . .

and to install and operate first two of these, and
then the third after reliable operations are
established."

Technical Proposal at 8 (emphasis added).

The Grant Application makes numerous references to
procurement of three sound sources, of the potential for
selection of alternate sites (in addition to Kaua'i and Pt.
Sur), and to possible placement of the third sound source on
the east coast of Japan. 2= ATOC Grant Application Vol. 1 at
26; Vol. 2 at 4 and App. C; Vol. 3 at 3. It is clear,
therefore, that the impacts of the ongoing Phase I of the ATOC
program are not limited to the Pt. Sur and Kaua'i projects
currently under review.

NEPA expressly requires EISs to consider cumulative
actions, "which, when viewed with other proposed actions have
cumulatively significant impacts and should therefore be
discussed in the same impact statement." 40 C.F.R.
S 1508.25(a) (2). As a result, NMFS and ARPA must consider ndt
just the impacts of either the Kaua'i or Pt. Sur portions of
the project in isolation, but also the impacts of a possible
third sound source, and the cumulative impacts of an enlarged,
potentially global network. Such a review could best be
achieved via a programmatic EIS, with "tiered" site-specific
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EISs that address impacts at Kaua'i and *Pt. Sur. NEPA
regulations specifically recommend preparing a programmatic EIS
for "federally assisted research, development or demonstration
programs for new technologies which, if applied, could
significantly affect the human environment." 40 C.F.R.
S 1502.4(c)(2).

A comprehensive evaluation is critically important if
informed decisions are to be made regarding the site-specific
ATOC permit applications. The NEPA process is itself expressly
intended to "help public officials make decisions that are
based on an understanding of environmental consequences, and
take actions that protect, restore, and enhance the
environment." 40 C.F.R. S 1500.1(c). Accordingly, we view
this scoping process on the EIS as only the first step toward a
decision by NMFS and ARPA to prepare a comprehensive,
programmatic EIS that will allow NMFS and the public to
understand fully the consequences of the ATOC proposal, the
larger Global Ocean Climate program, and to take appropriate
actions in response.

At this time we again vigorously protest the hasty and
apparently last-minute environmental review process being
guided by the NMFS and ARPA. In our previous comments,
focusing on the Kaua'i proposal, we expressed our concerns
about the lack of notice to the public and the limited
information available on the ATOC proposal. Regrettably, this
situation has not changed. Despite the public and private
meetings in which Scripps has been involved or has set up
through its public relations. firm, the public is still being
left out in the cold and not provided vital information about
this project in a timely manner to allow for a truly
deliberative public review process.

We note with dismay that the decision to prepare an EIS
for the Pt. Sur project was made public via a Federal Register
notice dated May 3, 1994, less than two weeks before the May
16, 1994 public hearing. This leaves scientists, environmental
groups, and members of the public wholly inadequate time to
evaluate and prepare comments on this complex project.

In addition, we have encountered great difficulty even
obtaining a copy of the ATOC proposal for Pt. Sur. We first
requested a copy of application P557A in an April 12, 1994
Freedom of Information Act ("FOIA") request to NMFS. We
renewed that request 'in our April 14, 1994 SRP application
comments. On April 21, 1994, we submitted a request to Dr.
David Hyde of Scripps asking for various documents, including a
copy of SRP Application P557A. Most recently, on May 5, 1994
we requested a copy of SRP Application 557A from Carol
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Fairfield of -MFS' Protected Species Office, who assured us it
would be mailed as quickly as possible.

Despite these many requests, we did not receive SRP
Application P557A until May 12th (a mere four days before the
hearing), and received some of the supporting documents that we
requested from Scripps on May 13th. The failure to provide the
SRP application in a timely manner, but at the same time rush
forward with the hearing, makes a mockery of the hearing and
scoping process. Access to the permit applicatijon and other
supporting information is obviously crucial and must be assured
prior to holding public hearings on these permit applications.

We have also just learned that Scricps will be proposing a
modification of both the Kaua'i and Pt. Sur ATOC projects, that
will split these into a "biological phase" (part I) and an
"implementation phase" (part II). While we have yet to hear
the details of this modification, the extremely last-minute
timing of the announcement, coming on the eve of the public
hearing, is very disturbing.

This "ambush" strategy further confirms our existing
concerns that the project is being rushed ahead at the expense
of necessary and important public disclosure and thoughtful
deliberation. We therefore reiterate even more vigorously our
request that additional public hearinas be held in Santa Cruz,
in Honolulu and on Xaua'i after the draft EISs issue, to allow
the public sufficient time to engage in an intelligent dialogue
with the appropriate agencies on this very important issue.
Moreover, we request that the public comment period for scoping
comments be extended until 30 days after Scripps provides, in
writing, the details of the new "modified" proposal to the
public.

In addition, as part of the scoping process, NMFS and ARPA
must clearly indicate the relationship between the timing of
the preparation of the environmental analyses and the agency's
planning and decision making schedule. 40 C.F.R.
S 1501.7(a)(7). This is particularly important with respect to
the relationship between the Pt. Sur and Kaua'i projects, and
plans for an analysis of the impacts of the larger ATOC
network. This has not yet beendone, nor was it addressed at
either of the public hearings in Hawai'i.

We reiterate that, ultimately, the decision to rush the
deliberations -- regardless of whether it is intentional or not --
does a grave disservice not only to the public, but also to the
project itself. If the ATOC project is, as Scripps claims, a
valuable new scientific method to study global climate change, and
if the marine mammal research project is, as the marine
mammalogists working with Scripps claim, completely benign, then
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the public disclosure and deliberation process will engender public
support and work to the long-term advantage of the project
proponents.

Even NMFS and Scripps should agree that the utmost caution
should be used in starting a project that has unknown
consequences on marine species that have the highest levels of
protection afforded by our nation's environmental laws. The

ATOC project must be out on hold while the environmental review
process is followed to the fullest extent possible. Only then
will the public be satisfied that these precious marine species
-- who cannot speak for themselves -- are not being put at risk
in the name of science or for the sake of arbitrary budgetary
constraints.

I.

BACKGROUND: THE PERMIT APPLICATION

According to NMFS' and ARPA's May 3, 1994 notice of intent
to prepare ad EIS for Pt. Sur (P557A), the ATOC Program is
requesting authorization to "take" by harassment a multitude of
species of cetaceans, pinnipeds, and sea turtles in California
coastal waters. 3

The February 3, 1994 permit application to NMFS for an SRP
(P557A) under the Marine Mammal Protection Act ("MMPA")

3 The 22- species of marine mammals to be taken include: blue
whale (Balaenoptera musculus), fin whale (B. physalus), sei
whale (B. borealis), minke.whale (B. acutorostrata), humpback
whale (Megaptera novaeang'liae), -gray whale (Eschrichtius
robustus), right whal-e (Eschrichtius robusrus), sperm whale
(Physeter macrocephalus), beaked whales (Ziphius cavirostris,
Berardius bairdii, Mesoplodon spp.), killer whale (Orcinus
orca), Risso's dolphin (Grampus griseus), common dolphin
(Delphinus delphis), Pacific white-sided dolphin
(Lagenorhynchus obliquidens), northern right whale dolphin
(Lissodelphis borealis), bottlenose dolphin (Tursiops
truncatus), Dall's porpoise (Phocoenoides dalli), striped
dolphin (Stenella coeruleoalba), harbor porpoise (Phocoena
phocoena), northern elephant seal (Mirounga angustirostris),
northern fur seal (Callorhinus ursinus), California sea lion
(Zalophus californianus), harbor seal (Phoca vitulina). SRP
Application P557A, p. 2. The SRP does not identify the sea
turtles to be taken, but at least five species
-- loggerhead (Caretta caretta), green (Chelonia mydas), olive
ridley (Lepidochelys olivacea), leatherback (Dermochelys) and
hawksbill (Eret mochelys imbricata) -- are known to inhabit the
Pt. Sur area.
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provides a limited description of the project background.
Scripps is undertaking a federally sponsored, international
research initiative to measure long-term ocean climate changes
on global scales using deer ocean acoustic sound paths to
measure ocean temperatures Scripps proposes to install two
acoustic transmitters and a series of receivers throughout the
Pacific over a two-year period (1994-1995) to assess the
feasibility of a broader global ocean climate monitoring
program. As far as we know, no ATOC transmitters have yet been
installed at any locations.

The source transmitter near Pt. Sur would be located at
850-950 meters depth, 40 km west of Pt. Sur. Scripps proposes
to transmit a low frequency signal centered at 70 Hz, with a
bandwidth of 20 Hz and a band level of 195dB re 1 uPa. During
"normal" operations, the transmissions would last 20 minutes
and be repeated every four hours at a maximum rate of 6/day (8%
duty cycle) 5 .

The Marine Mammal Research Project is divided into four
tasks. Task I would collect passive acoustic data on
vocalizing blue whales (sperm and humpback whales would also be
tracked if present in the ZOI) from both horizontal and
vertical line arrays mounted on the seafloor. Task 2 would
require the "tagging" of various indicator species, including
blue whales, sperm whales, northern elephant seals, and
California sea lions in order to conduct satellite monitoring
of at-sea behavior patterns and to verify acoustic tracks.
Task 3 would track sperm whales and other odontocetes using
hydrophones from a vessel. Task 4 involves aerial and vessel
surveys of marine mammals with special attention given to sperm
whales.

The Kaua'i portion of the ATOC project is very similar to
the portion proposed at Pt. Sur. Our comments of April 14 and
15, 1994 describe application P557.

4 As noted above, background documents, including the ATOC
Scope of Work, indicate three sound sources will be used.

This is contradicted by the ATOC Scope of Work, which states
(Vol. I at 45): "Duty cycles will vary from 2% to 10% during
normal transmissions; a duty cycle of up to 30% will be tested
during habituation experiments." The Scope of Work also makes
reference to transmission at 200 dB. Id., at 49.
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II.

NMFS MUST DENY THE PERMIT
AND CANNOT RECONSIDER ANY REAPPLICATION

UNTIL AFTER COMPLETION OF THE ENVIRONMENTAL IMPACT STATEMENT

As we stated in our April 29, 1994 comments, NMFS must
render a final decision on Scripps' application for an SRP
within 30 days after the public hearing on the permit. As
expressly directed by Congress in the MMPA, Section 104(d):

As soon as practicable (but not later than thirty
days) after the close of the hearing or, if no
hearing is held, after the last day on which data, or
views, may be submitted pursuant to paragraph (2) of
this subsection, the Secretary shall issue a permit
containing such terms and conditions as he deems
appropriate, or (B) shall deny issuance of a permit.

16 U.S.C. S 137A(d) (5) (emphasis added). See also 50 C.F.R.
S 216.33(c) and S 222.24(c) (same).

Therefore, NMFS has no discretion to delay decision on the
Pt. Sur permit application after June 15, 1994. (Similarly,
for the Kaua'i application, a decision from Scripps is due on
May 16, 1994 -- 30 days after the close of the April 15, 1994
hearing.)

We understand that there continues to be discussion that
Scripps might consent to a delay in processing of the permit
application. However, we emphasize again that neither the MMPA
nor the NMFS' regulations allow for such an extension of the
processing time.

Thus, NMFS must make a final decision on permit P557A no
later than June 15, 1994. Given the very serious scientific
and public controversy over this permit application, NMFS
really has no choice but to deny the permit.

The issuance of the SRP prior to completion of the EIS
process now underway would not only violate the MMPA, because
of the defects in the permit application (detailed below), but
also NEPA, whose very purpose is to ensure that agencies and
the public have the benefit of the full disclosure of
information generated by the EIS Prior to making a decision on
the project. (It would also violate the consultation
provisions of Section 7 of the Endangered Species Act, 16
U.S.C. § 1536, as discussed more fully below.)

As explained in the regulations promulgated by the Council
on Environmental Quality ("CEQ"):
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NEPA procedures must insure that environmental
information is available to public officials and
citizens before decisions are made and before actions
are taken. . . . The NEPA process is intended to
help public officials make decisions that are based
on understanding of environmental consequences, and
take actions that protect, restore,-and enhance the
environment.

40 C.F.R. S 1500.1(b) (emphasis added).

To further this fundamental purpose of NEPA, the
regulations specifically prohibit federal agencies from making
an irrevocable commitment of resources -- such as issuance of a
permit -- prior to completion of the EIS process.

Until an agency issues a record of decision . . no
action concerning the proposal shall be taken which would:
(1) Have an adverse environmental impact; or (2) Limit the
choice of reasonable alternatives.

40 C.F.R. S 1506.1(a).'

Indeed, the very purpose of NEPA would be directly
violated if NMFS issued the permit as it now stands.

The primary purpose of an environmental impact
statement is to serve as an action-forcing device to
insure that the policies and goals defined in the Act
are infused into the ongoing programs and actions of
the Federal Government. It shall provide full and
fair discussion of significant environmental impacts
and shall inform decisionmakers and the public of the
reasonable alternatives which would avoid or minimize
adverse impacts or enhance the quality of the human
environment.

Id. S 1502.1.

In addition, under the substantive criteria set forth in
the MMPA and the NMFS regulations, the permit must be denied
under these circumstances. In 1988, Congress amended the MMPA
to tighten the restrictions on SRPs. Now, Section 104(c) of

' We explain above why a "programmatic" EIS is required for
the ATOC project, which apparently involves 11 major research
institutions, 7 countries, and several transmission and
receiving sites. The NEPA regulations similarly bar agencies
from committing resources while a programmatic statement is
underway. 40 C.F.R. S 1506.1 (c).
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the MMPA states that the burden of proof with respect to an SRP
application is squarely on the applicant:

A permit may be issued for scientific research
purposes only to an applicant which submits with its
permit application information indicating that the
taking is required to further a bona fide scientific
purpose and does not involve unnecessary duplication
of research.

16 U.S.C. S 1374(c) (emphasis added). 7

As the storm of controversy over this and the Kaua'i
permit demonstrates, Scripps has failed to make such a showing.
Many researchers have expressed serious concerns over the
merits of the ATOC marine mammal research, and questioned the
precedent of granting research permits for a project whose
primary purpose Is not the study of marine mammals. See
comments submitted to NMFS on SRP P557 and P557A by Scott
Benson (March 4, 1994); Peter Tyack (March 20, 1994); Katharine
Payne (March 21, 1994); and Kurt Fristrup. The Southwest
Regional Office of NMFS has in fact recommended that the
Scripps scientific research permit for Hawaili be denied
because "the proposed research is not 'bona fide."' See our
April 14 comments at 13.

Evaluation of the merits of this research has been further
complicated by Scripps, last-minute modification to the
research proposal, evidently splitting the project into two
phases. At present, there is insufficient information on
either the details of the modified research proposals or their
merits to draw a conclusion with regards to whether the
research is "bona fide", and thus eligible for a scientific
research permit under the MMPA. Consequently, it would be
quite difficult, legally, for NMFS to justify issuance of
either permit at this time.

Perhaps after the completion of the EIS, during which
alternatives are analyzed and full disclosure of potential
impacts is made, Scripps may be able to meet the standards for
issuance of an SRP.

However, at this time, issuance of both permit
applications would be clearly premature. In short, NMFS must

7 See National Research Council Report on "Low-Frequency Sound
and Marine Mammals" (1994), at 31 ("Federal permit officials
may take a very restrictive stance on what 'bona fide
scientific purpose' or 'unnecessary duplication' is.").
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deny thepermit for SRP P557A by June 15, 1994 (and SRP P557 by
May 16, 1994) for at least three reasons: (1) it does not
meet the statutory or regulatory criteria for an SRP for marine
mammals; (2) even if it does meet the criteria, NMFS would be
in violation of NEPA if the permit were to be issued prior to
completion of the EIS; and (3) NMFS and ARPA would be in
violation of Section 7 of the ESA, 16 U.S.C. S 1536 because
there has been no formal consultation on the impacts of the
project on listed species.

III.

NUMEROUS IMPORTANT SCIENTIFIC ISSUES REMAIN UNRESOLVED

Scripps' SRP application for Pt. Sur does not adequately
discuss the numerous unresolved scientific issues related to
this project, both in terms of ATOC's basic ocean temperature
change research and the associated Marine Mammal Research
Program ("?MMRP").

The highly controversial nature of the scientific issues
related to this project are emphasized in a recently issued
statement joined by fifteen prominent scientists, and attached
to our April 14, 1994 comments, who concluded that:

information on the hearing sensitivities and on the
diving abilities of most marine mammals is limited,
and that we do not yet know what the subtle, long-
term effects of noise on marine mammals might be.
Given these uncertainties, we do not feel that it is
prudent to proceed at this time with the ATOC
experiment.

We concur in this analyses and recommendation, and urge NMFS
and ARPA to consider it carefully.

A. Global Climate Change Research

Significant controversy exists regarding the measurement
of global ocean temperature through the ATOC program. The Pt.
Sur and Kaua'i portions of the ATOC project represent initial
attempts to measure ocean temperature on an ocean basin scale.
If successful, this information will used to validate
predictive global oceanic climate models, which would be used
in turn to design a global ATOC network with 10 or more
transmitters placed worldwide. See Phase 2 Proposal.

Actual data on long-term ocean temperature trends -- the
"proof" of global warming -- would take decades to collect.
Such data would still not tell us anything about the causes of
global warming, or necessarily lead to corrective actions. As
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Dr. Rodney Fujita, senior scientist with the Environmental
Defense Fund has stated:

Past evidence of an increasing trend in global
average temperature (such as the global atmospheric
temperature record, mass coral bleaching in the
1980s, and other indicators) have not proven
sufficiently compelling to result in an adequate
response to global warming (i.e., a commitment to
policies that would significantly reduce greenhouse
gas concentrations so as to limit warming to a rate
and magnitude that would allow natural ecosystems to
adapt).

Comments on SRP Application P557 and P557A, March 16, 1994, at
2.

A fundamental question that must be answered in the EIS,
therefore, is even if ATOC works, will it produce significant
action with respect to global warming? The potential impacts
of the ATOC project, as well as the significant expense,
require a full and critical evaluation of the project's
purported benefits. A comprehensive analysis must include
alternative methods by which the temperature data can be
collected, and should address at least the following primary
issues:

(1) Can meaningful information regarding ocean temperature
be obtained via ATOC?

(2) Will that information lead to significantly better
understanding of global climate change, and the causes of
that change?

(3) Will such an understanding lead to corrective actions
on the part of nations and individuals?

B. Impacts on Marine Life

The EIS must address the potential impacts of the ATOC
sound source on all marine life, including species not
addressed in Scripps' SRP application. The EIS must
particularly address potential impacts to species listed as
threatened and endangered under the Endangered Species Act, and
to species which may serve as critical food sources for those
threatened and endangered species.

I. Lack of Knowledge Regarding Impacts Of Low
Frequency Sound On Marine Mammals

A fundamental issue of concern that must be addressed in
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the EIS is our lack of knowledge about the impacts of low-
frequency sounds on marine mammals. The recently released
study "Low-Frequency Sound and Marine Mammals.- Current
Knowledge and Research Needs," conducted by the Committee on
Low-Frequency Sound and Marine Mammals, the Ocean Studies
Board, and the Commission on Geosciences, Environment, and
Resources of the National Research Council (hereinafter "NRC
Marine Mammal Study") states (at 1):

Data on the effects of low frequency sounds on marine
mammals are scarce. Although we do have some knowledge
about the behavior and reactions of certain marine mammals
in response to sound, as well as about the hearing
capabilities of a few species, the data are extremely
limited and cannot constitute' the basis for informed
Prediction or evaluation of the effects of intense low-
frequency sounds on any marine species.

The SRP application submitted by Scripps for the ATOC
project also refers to the lack of information and knowledge,
stating (SRP App. P557 at 9, SRP App. P557A at 15):

The marine mammal research proposed here is motivated by
the fact that we do not yet know enough about the impact
of the ATOC source on marine mammals to predict levels,
areas, and scales of influence. Previous studies of
marine mammal responses to man-made noises have examined
short-term behavioral responses to broadband industrial
and recreational vessel noise and there are no data on the
Potential effects of a sound with ATOC source
characteristics.

In light of the lack of data on impacts to marine mammals,
it is critical to fully analyze the potential impacts prior to
initiating the ATOC project. This is particularly important
for several reasons:

a. ATOC is ultimately slated to be global in scope,
with ten or more sound transmitters, possibly operating for
decades. The deep waters of the much of the world's oceans
will be subjected to low frequency sound transmissions
generated by ATOC. The potential impacts on marine mammal,
turtle and fish populations are thus much greater than those
being discussed for the initial projects off the coast of
California and Kaua'i.

b. The long-term monitoring effort will require
hundreds of millions of dollars and will involve researchers
and agencies from a number of countries. Once begun, it will
be very difficult to change the course of this massive effort,
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and even more difficult to halt it, even if data showing
significant impacts on marine life are reported. The
appropriate time to evaluate potential impacts is now, before
the project is approved and begun.

c. The most significant potential impacts to marine
life from the ATOC project are likely to be at the population
level, in the form of reduced breeding success, and impaired
communication, feeding, or other behavior that is critical to
individual and population survival. Despite their importance,
however, these population level impacts will not be monitored
in the course of the either ATOC project:

It is the intent of this program to determine whether
significant or permanent impacts are possible on
humpbacks, but at this time the research is designed to
detect short-term changes in response to the ATOC source.
(SRP App. P557 at 23; see also discussion in SRP App.
P557A at 16-17, 47-48)

The ATOC project has focused on short-term behavioral
shifts, despite the fact that these are not good indicators of
long-term impacts:

While short-term, surface-based measurements of changes in
animal swim direction associated with received noise
levels provide a good indication of startle response or
transitory avoidance, they are unreliable for estimating
long-term changes (e.g., increased activity, avoidance of
critical habitat, interruption of feeding, or failure to
find a mate for breeding). These long-term changes could
have significant biological consequences. (SRP App. P557A
at 16).

It is critical that a more complete understanding of the
linkages between short-term behavioral changes and long-term
population level impacts be understood prior to initiating a
long-term project.

2. Sea Turtles

The following species of sea turtles are found in waters
adjacent to Pt. Sur: loggerhead (Caretta caretta), green
(Chelonia mydas), olive ridley (Lepidochelys olivacea),
leatherback (Dermochelys) and hawksbill (Eret mochelys
imbricata). All are threatened or endangered. In particular,
the leatherback sea turtle commonly inhabits the waters off
Monterey Bay. Available research (see Balazs and Ross, 1974;
O'Hara and Wilcox, 1990, Lenhardt et al 1983; and Ridgway et al
1969) indicates that sea turtles do respond to low frequency
noise. It is therefore imperative that a full analysis of the
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potential impacts of the ATOC sound source on sea turtles be
conducted. The Pt. Sur SRP application does not address this
issue at all.

Sea turtle researchers (including members of the NOAA/NMFS
Pacific Basin Sea Turtle Recovery Team) have indicated that the
monitoring proposed in Scripps' SRP permit application will not
be sufficiently sensitive to detect potentially significant
behavioral changes, which may impact sea turtle populations,
and ultimately sea turtle populations. NMFS Office of
Protected Resources, Permits Division, has raised these
concerns as well, (see April 12, 1994 letter from Ms. Ann
Terbush to Dr. Christopher Clark, appended to our April 14,
1994 comments).

In its evaluation of impacts to sea turtles, the EIS must
consider preliminary studies, to be performed before the ATOC
sound source begins transmission. These studies would include
credible studies of captive sea turtle response to low
frequency sound and satellite tracking of turtles during their
use of the waters off the California coast for breeding,
feeding, resting, and migration. Such studies would allow an
informed decision regarding probable impacts on sea turtles to
be made; it would also provide a baseline of data (from
satellite tracking) that could be used to measure impacts from
the ATOC sound source, if the decision to proceed with the
project were made.

3. Fish and Invertebrates

According to the NRC Marine Mammal study (at 53),

Sound is important for normal behavior of many species of
bony and cartilaginous fishes . . . Fish use sound for a
variety of reasons, including but not limited to prey
detection, intraspecific communication, maintenance of
schools, and predator avoidance.

Recent research indicates that low frequency sounds are
also associated with fish reproductive behavior (see for
example Lobel 1992). The ear and lateral line organs, which
detect acoustic and hydrodynamic signals, are thus very
important to normal fish behavior, and "damage to these systems
would severely affect [the fishes'] ability to survive and
reproduce." NRC Marine Mammal at 53. Although little is known
about the use of sound by marine invertebrates, at least some
species are known to have highly developed systems for
detection of sound.

Impacts on fish and invertebrates may be significant both
ecologically and economically. If ATOC negatively impacted
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fish and invertebrate populations, secondary impacts could also

be felt along the marine food chain, as reductions in

invertebrates or fish may deprive marine mammals and other

higher-level predators of important food sources. Reductions

in fish populations may also have economic impacts, as there
are many economically important fish species (including some
that are deep-dwelling) found in California waters.

It is imperative that the EIS examine potential impacts to
fish and invertebrates. Because of the lack of data on fish
and invertebrate response to sound sources, the EIS must also
consider preliminary studies, to be performed before the ATOC
sound source begins transmission, which could form the basis
for an informed decision on whether to proceed with the
project, as well as providing baseline data prior, should the
ATOC project proceed.

C. Suitability Of Pt. Sur And Kaihu Pt.
For ATOC Sound Transmission

In its evaluation of alternatives, the. EIS under
preparation by NMFS and ARPA must compare the potential impacts
to marine life of the ATOC projects proposed for Pt. Sur and
Kaua'i with a similar project conducted in other areas less
rich in marine life.

According to Dr. Roger Payne, President of the Whale
Conservation Institute:

A further consideration makes it seem to me that the
choice of both areas [Pt. Sur and Kaihu Pt.] for the
broadcast of such intense sounds (lying well within
the frequency band which whales can supposedly hear)
is ill considered: both are well known areas, not
just of the occurrence of whales and other marine
mammals, but of their concentration. I believe it
might be hard to choose two areas more likely to
expose marine mammals to the test signal on such a
regular, though unintentional, basis. . . I would
also urge that other areas which do not have such
clear concentrations of marine mammals be chosen for
the location of the transmitters.

Letter to Carol Fairfield, NMFS, March 25, 1994 (emphasis
added).

It is critical that the discussion of alternatives in the
EIS explore the feasibility of transmitting the ATOC signal
from other locations, and evaluate the humber of species and
individual animals likely to be exposed and impacted by the
signal if it is located in an alternate site.
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D. Inadeauacy Of The ATOC Marine Mammal Research Program

The ATOC SRP Application P557A indicates that the ATOC
MMRP will focus on collecting at-sea and aerial observations as
well as passive acoustic and remote sensing data on mysticetes,
odontocetes and pinnipeds. In addition, opportunistic visual
observations of other marine mammal species and sea turtles
will be conducted. It is critical that the ATOC MMRP be
comprehensive, well designed and successfully implemented if it
is to (1) function as a safeguard that ensures that
transmission of the ATOC signal is immediately halted should
significant behavioral changes be detected among monitored
species; and (2) be used to "make models to predict the effects
of human-made noise on marine mammals," as proposed by SRP App.
P557A at 18 and P557 at 11. The EIS must fully consider at
least the following concerns raised regarding the adequacy of
the MMRP, evaluate alternatives to the proposed design, and
assess the capability of the monitoring program to assess
impacts on marine life as a result of the ATOC sound source.

The MMRP has been criticized as inadequate in a number of
respects. The criticisms fall into three primary categories:
the research program proposes to test an improper hypothesis,
and consequently may lead to false conclusions regarding the
impacts of the ATOC sound transmissions on marine mammals; the
research design is seriously compromised by the requirements of
the ocean climate monitoring program, with potentially
significant negative impacts on both the research results and
the marine mammals under study; and the MMRP is inadequate to
detect important short-term behavioral changes in all
potentially impacted specie, and does not begin to address
critically important long-term behavioral changes.

1. ATOC Proposes Imoroyer Hypothesis

The first criticism centers on the fact that ATOC
proponents have not evaluated the likelihood of failing to
reject a false null hypothesis. The research design assumes
that the ATOC sound transmissions will have no significant
effect on marine mammals (a null hypothesis), and proposes a'
monitoring program to determine if that hypothesis is accurate
(i.e. it will seek to detect significant effects). At no time,
however, is the ability of the monitoring program to detect
such effects evaluated. The relatively small size of the blue
whale population that is to be monitored (and the even smaller
sample size of sea turtles, sperm whales, Pinnipeds and other
marine mammals), combined with our lack of knowledge regarding
the significance of various behavioral changes exhibited by
humpback whales and other marine life in response to noise
stimuli, increases the likelihood that the monitoring program
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will falsely conclude that the ATOC signal has no significant
effect.

This Is of particular concern because without statistically
significant evidence that ATOC transmissions are causing
significant impacts no changes in those transmissions are likely
to be made. In addition, this research is intended to be used
as a model for the, response of marine mammals to low frequency
sound, and a false conclusion may have impacts that reach far
beyond the ATOC project now under consideration. As a result,
it has been suggested that the ATOC MMRP design be reformulated
to assume that significant impacts will occur, and that ATOC
not be allowed to proceed until that assumption is proven
false. See comments to NY.FS on SRP Application P557 and P557A
by: David Wiley (March 6, 1994) and Kurt Fristrup.

We heartily concur with this suggestion. Such an approach
would be more appropriate especially since many of the species
to be impacted (all the whales; all the sea turtles) are either
threatened or endangered. In short, the burden should be on
the permit applicant to demonstrate that the project will not
harm these species before NMFS approves the permit.

The EIS should fully explore the likelihood that ATOC
researchers may fail to reject a false null hypothesis, and
consider the impacts that would stem from such a failure. In
addition, revision of the research design to assume that
significant impacts will occur should be considered.

2. MMRP Compromised By Ocean Climate Reouirements

The second criticism of the research design is that it is
compromised by the requirements of the ATOC program, with
potentially significant negative impacts on both the MMRP
research results and the marine mammals under study. Both the
signal strength and playback schedule of the ATOC sound source
have been selected in accordance with the needs of the ocean
climate modeling project, and not the needs of the marine
mammal monitoring program. As Dr. Kurt Fristrup comments:

The playback schedule itself does not appear to have
been selected on biological grounds. It is not
explicitly tied to the locations, behaviors, or even
the presence of animal groups under observation. It
is not clear that the biological researchers will
have the authority to initiate transmissions on
demand, regulate their level or duration, or
indefinitely suspend transmissions to document the
restoration of pre-exposure conditions.

Comments to NMFS on SRP Apps. P557 and P557A.
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This issue is of critical importance for this research
project, and also for the precedent that this project could
set. "The proposed permit could establish a precedent of
allowing "takes" under scientific research permits for any kind
of activity as long as marine mammalogists are monitoring it."
Peter Tyack, Comments to NMFS on SRP 557A (March 20, 1994).

The EIS must evaluate the viability of the marine mammal
research, and consider how that research may be compromised as
a result of being conducted in conjunction with the ATOC ocean
climate program. In addition, a full evaluation of the
potential for modification of the ATOC sound source, including
variations in signal strength, duty cycle, and frequency
levels, and resultant impacts on the ATOC ocean climate program
should be included.

3. 12RP Unable To Detect Impacts TO All Species

The third criticism of the MMRP concerns its ability to
detect short-term behavioral changes in all potentially
impacted species. A number of specific concerns have been
raised, with respect to this issue.

First, dedicated monitoring of only the blue whale, sperm
whale, northern elephant seal and California sea lion is
inadequate to assess impacts on other protected species that
are or may be present'. The imonitoring program should
consequently be expanded to include additional marine mammal
and sea turtle species. See comments submitted to NXFS
regarding SRP 557 and/or 557A by Scott Benson (March 4, 1994),
Linda Weilgart (March 22, 1994), and Hal Whitehead (March 22,
1994).

Zzcond, no monitoring of impacts to non-listed, but
nevertheless important species, including fish and
invertebrates, is planned, despite the potential for impacts to
these species. Such impacts could result in secondary impacts
to protected species that are dependent on these as food

' These species include: fin whale (B. physalus), sei whale
(B. borealis), minke whale (B. acutorostrata), humpback whale
(Megaptera novaeangliae), gray whale (Eschrichtius robustus),
right whale (Eschrichitius robusr-us), sperm whale (Physeter
macrocephalus), southern sea otter (Enhydra lutris nereis),
guadalupe fur seal (Arctocephalus townsendi), steller sea-lion
(Eumetopias jubatus), loggerhead sea turtle (Caretta caretta),
green sea turtle (Chelonia mydas), olive ridley sea
turtle(Lepidochelya olivacea), leatherback sea turtle
(Dermochelya), and hawksbill sea turtle (Eretamochelys
imbricata).
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resources, and economic impacts if ATOC negatively impacts
commercially important fish resources. See comments submitted
to NMFS regarding SRP P557 and P557A by Jim Darling (March 25,
1994).

Third, the monitoring program is inadequate to detect
potentially significant behavioral changes to most species, and
only dramatic behavioral changes are likely to be observed. In
his comments on the SRPs, Jim Darling notes:

At best only the most overt impacts on a few species
will be recognizable. Even if broader observation
regimes could be developed, the natural variability
of behavior patterns in most, if not all, species are
not well enough known to conclude a change in
behavior is the result of the experiment or some
other natural variable. Unfortunately, the
experiment is far too big in proportion to our impact
assessment capability.

Fourth, the MMRP places excessive reliance on acoustic
tracking, and should be complement this technique with
additional, proven survey methods. Scott Benson, a member of
the biological team that participated in the Heard Island
Feasibility test in 1991, has commented:

The biological effect of the sound source should be
considered in a thorough manner using proven
technology. . . . Innovative use of hydrophone
arrays and tracking systems as currently proposed
should be complemented with rigorous and ample
standard survey techniques in the event that the more
modern techniques fail to yield results.

Scott Benson comments to NMFS regarding SRP P557A (March 4,
.1994).

The EIS should evaluate these and all other concerns
raised regarding the design and implementation of the ATOC MMRP
during the EIS scoping and SRP application review process,
including comments from the NMFS Southwest Region Office that
the marine mammal research is not "bona fide," and the SRP
should be denied as a result. See SCLDF April 14, 1994, ATOC
SRP comments at 13.

E. InadeQuate Discussion Of Protocol For Whale Taggincg

The SPA permit application indicates that "Task 2" will
involve the "tagging" of ten blue whales and possibly five
sperm whales. Application, pp. 34-6. The application does not
describe how this tagging will be accomplished, however, or
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what the physical tags will consist of, or how the tags will be
physically attached to the whales.

Will boats approach the whales close enough to affix the
tags manually? Will the whales be "shot" with the tags from a
distance? Will the tags penetrate the skin? Will they remain
permanently affixed to the animals? Any of these scenarios
pose grave danger of harassment and/or harm to the whales.

These are matters of very serious concern to our clients
and must be fully disclosed and discussed in the EIS. It is
not acceptable to gloss over discussion of these critical
issues by simple reference to an existing permit.'

F. Clarification Of Sound Source Control

ATOC researchers indicated during public meetings and SRP
hearings held in Hawai'i that the Hawai'i ATOC 1MRP results
would be constantly evaluated, and sound transmission off
Kaua'i halted or modified if significant impacts to monitored
species were'detected. The researchers were unable to
definitively state, however, what will constitute a significant
impact for purposes of control of the sound transmission.

In addition, they suggested a process in which the ATOC
MMRP would notify NMFS of impacts to monitored species, make a
"recommendation," and then NMFS would in turn might take
appropriate action to stop or modify the sound transmission, if
warranted. Researchers indicated that at that time (April 16,
1994) protocols for control of the sound source were still
being developed. We have learned nothing since then to
indicate that a different procedure is being proposed for the
California ATOC project.

We are dismayed at the lacx of clarity over what
constitutes a significant impact, and the lack of protocols for
control of sound transmission, despite the apparent intention
to use MMRP monitoring results to modify or stop sound
transmission, if such action is warranted. We also note that
the SRP Application P557A makes no mention at any point of
sound transmission control or modification as being among the
research objectives.

9 In any event, we do not believe that an existing permit for
other, unrelated work, can legally suffice for the new and
expanded tagging envisioned in the Point Sur ATOC application.
Rather, the proposed tagging of ten new blue whales and five
sperm whales not covered in the existing permit would
constitute illegal taking of listed species and requires a new
and separate permit.
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The verbal statements of ATOC researchers are currently
the sole indication we have that the ATOC sound transmissions
may be influenced by the MMRP monitoring results. It is
imperative that the EIS fully discuss this issue, analyzing the
ability of the monitoring program to detect impacts, the
decision process that will be used to evaluate the significance
of any impacts, the protocols that will be established to
communicate findings to NMFS and the ATOC ocean climate
researchers, and whatever formal agreements will be in place to
ensure that protocols are adhered to.

IV.

FULL COMPLIANCE WITH THE ENVIRONMENTAL LAWS IS REQUIRED
BEFORE THE ATOC PROJECT CAN PROCEED

In addition to the numerous scientific and research
related issues that have been raised and stand unresolved,
there are-an array of legal issues that deeply concern us. Our
review of the environmental laws that are implicated by the
ATOC project confirm, again, the conclusion that there has been
wholly insufficient agency review of the potential
environmental impacts of this project and that the applications
may conflict directly with the laws protecting marine mammals
and listed threatened and endangered species.

A. A Full And Adeauate EIS Under NEPA Must Be Prepared

NMFS has only just recently determined that an EIS will be
prepared for the ATOC-Pt. Sur project. (Notice of May 3,
1994.) According to that notice, the EIS will consider: (1)
the potential effects of the.proposed low frequency sound
source on marine mammals, sea turtles, and other marine
resources, including fish; (2) alternatives with respect to
site selection; and (3) the purpose of the ATOC program and an
evaluation thereof as compared to other possible alternatives
for. assessing global warming.

We are pleased that N1MFS and ARPA will be preparing an EIS
for this portion of the ATOC project. There is little doubt
that it is a major federal action that may significantly affect
the quality of the environment as contemplated by NEPA. 42
U.S.C. S 4332(C).

However, we are gravely concerned about the following
issues:

First, the EIS process is being unduly rushed. As stated
above, notice of scoping was only recently issued. According
to the regulations of the Council on Environmental Quality
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("CEQ"), EISs (where appropriate) "shall be commenced no later
than immediately after the application is received." 40 C.F.R.
5 1502.5. In this case, a full three months Dassed between
NMFS' publication of the application for a scientific research
permit in the Federal Register and the decision to prepare an
EIS.

Now, NMFS and ARPA appear to be in quite a hurry to
convert rumored draft EAs (which have never been released to
the public) into EISs. This last-minute review is inconsistent
with NEPA and the CEQ regulations.

Second, according to the Scripps' scientists, the EIS is
being done "voluntarily." This interpretation of the law is
incorrect. NMFS and ARPA should make clear to Scripps that the
EIS is being recuired by NEPA. Otherwise, the project
proponent may later decline to fulfill all of NEPA's
requirements and spark unnecessary controversy, if not
litigation.

Third, NMFS and ARPA appear to be improperly limiting the
scope of their NEPA review to EISs focusing on the California
and Kauali ATOC projects. Under the CEQ regulations, proposals
that are "related to each other closely enough to be, in
effect, a single course of action shall be evaluated in a
single impact statement." 40 C.F.R. S 1502.4.

Moreover, as stated above, the regulations require that a
"programmatic" EIS may be required for broad federal actions
that have common timing, impacts, alternatives, methods of
implementation, media or subject matter. 40 C.F.R.
5 1502.4(c).

Indeed, the regulations specifically recommend preparing a
programmatic EIS for "federally assisted research, development
or demonstration programs for new technologies which, if
applied, could significantly affect the human environment."
I__. S 1502.4(c) (2).

For such large-scale technology programs,

Statements shall be prepared . . . and shall be
available before the program has reached a stage of
investment or commitment to implementation likely to
determine subsequent development or restrict later
alternatives.

Id., § 1502.4(c)(3). See also id., S 1502.20.

As we outlined above, a programmatic EIS, with "tiered"
site-specific EISs, would be particularly appropriate here
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where NMFS has received two very similar permit applications
from the same project proponent, and others are under
consideration around the globe (including the Indian and
southern Atlantic Oceans).

Fourth, it does not appear that Scripps is genuinely
interested in exploring alternatives to either the proposed
marine mammal research program, or, as suggested in the hearing
notice, to the ATOC project itself. A full "alternatives"
analysis is, of course, the "heart of the environmental impact
statement." Id., S 1502.14. The analysis should "sharpen the
issues" and provide a "clear basis for choice among options by
the decisionmaker and the public." Id. (emphasis added). All
reasonable alternatives must-be explored in detail so that
reviewers may evaluate their comparative merits.

Fifth, the EIS must discuss the possible conflicts of the
ATOC project with the objectives of federal, regional, state
and local land use plans, policies and controls. 40 C.F.R.
S 1502.16(c). With respect to the California ATOC project, the
EIS must carefully consider the implications for the Monterey
Bay National Marine Sanctuary. The project may degrade the
quality of the area to the extent that it may directly conflict
with the purpose and intent of the Sanctuary, which is "to
protect and manage the conservation, ecological, recreational,
research, educational, historical and aesthetic resources and
qualities of the area." 15 C.F.R. S 944.1; 57 Fed. Req. 43310,
43315 (Sept. 18, 1992).'o In addition, because the project has
the potential to affect the California coastal zone, it is
subject to the federal consistency requirements of Section
307(c)(3) of the Coastal Zone Management Act ("CZMA"), 16
U.S.C. S 1456(c)(3), and the applicant must prepare a
"consistency certification" for review by the California
Coastal Commission. See 15 C.F.R. *S 930.57. The consistency
of this project with California's coastal zone management
programs should be discussed in the EIS.

Sixth, the EIS must clearly identify the factual areas
where there is "incomplete" or "unavailable" information. Id.,
S 1502.22. Furthermore, on many of the issues raised about
this project, the answer of "no information exists" will not be
adequate. The agencies and applicant must undertake necessary

10 The regulations implementing the Monterey Bay NMS prohibit,
among other things, "Taking any marine mammal, sea turtle or
seabird in or about the Sanctuary, except as permitted by
regulations . . . promulgated under the Marine Mammal
Protection Act, 16 U.S.C. 1361 et seq., the Endangered Species
Act, 16 U.S.C. 1531 et sea., and the Migratory Bird Treaty Act
16 U.S.C. 703 et seq. See 15 C.F.R. S 944.5(a) (6).
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measure to obtain that information. I&., S 1502.22 (incomplete
information that is essential to evaluation must be obtained if
the costs are not exorbitant). If the costs of obtaining the
information is excessive, then the EIS must explain the
relevance of the incomplete information, summarize existing
credible scientific evidence on the issue, and evaluate impacts
using theoretical approaches or research methods that are
generally accepted in the scientific community. Id.

Seventh, NEPA also requires that EISs include as part of
the consideration of alternatives appropriate mitigation
measures. S 1502.14. In the case of the ATOC EIS, the
mitigation to be considered should include, at a minimum, a
comprehensive monitoring program to be conducted in conjunction
with, and for the duration of, = ATOC sound transmission.
The EIS should also evaluate how that mitigation would be
enforced, particularly in the case of ATOC transmitters that
are placed in foreign or international waters, and may be
funded and/or controlled by foreign governments or research
interests.

Finally, we-are concerned that the applicant may attempt
to move ahead with the project while the EIS process is
underway. We are aware that the funding for the project has a
30-month term. These circumstances lead us to conclude that,
but for the EIS process and public pressure, the Pt. Sur ATOC
project would have been commenced immediately.

NEP.A prohibits the irrevocable commitment of resources to
a project prior to the completion of the EIS process. Until a
Record of Decision ("ROD") issues, no action may be taken that
would have an adverse environmental impact or would limit the
choice of reasonable alternatives to the project. 40 C.F.R.
S 1506.1. Where the application is from a non-federal entity,
it is the agency's responsibility to ensure that the applicant
understands this directive of NEPA. Id.

We request that all of these issues be addressed in the
Draft EIS and be taken into consideration in NMFS' review of
the SRP.

B. NMFS And ARPA Must Conduct An Analysis Of Project
Alternatives Under Section 102(21 (El of NEPA

In a March 17, 1994 letter to NMFS (attached to our April
14, 1994 comments), NRDC explains the basis for its request
than a Section 102(2) (E) "alternatives analysis" be prepared
for the ATOC project because it presents "unresolved conflicts
as to the proper use of resources." SCLDF concurs in this
request, and urges NMFS and ARPA to proceed immediately to
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commence that process. The status of the alternatives
statement should be discussed in the Draft EIS.

C. NMFS And ARPA Must Initiate And Complete Formal
Consultation Under Section 7 Of The Endangered
Species Act

Section 7 of the Endangered Species Act ("ESA") requires
that every federal agency, including ARPA and NMFS, "insure"
that "any action authorized, funded, or carried out" by such
agency "is not likely to jeopardize the continued existence of"
threatened or endangered species. 16 U.S.C. S 1536(a)(2). As
a means of insuring that agencies carry out this crucial
substantive duty, Section 7 also requires that agencies
proposing to carry out, permit, or fund actions that may
adversely affect listed species or their habitat must first
consult either with the U.S. Fish and Wildlife Service or NMFS
on the impacts to those species of such action. Td.

The consultation process usually involves preparation of a
"biological assessment" by the agency proposing or funding the
proposed action, and the issuance of a formal "biological
opinion" by the Secretary of the Interior or Commerce, as the
case may be. 16 U.S.C. S 1536(b), - (c).

Until consultation has been completed, Section 7(d) of the
ESA prohibits both the agency and the permit or license
applicant from "mak[ing] any irreversible or irretrievable
commitment of resources with respect to the agency action which
has the effect of foreclosing the formulation or implementation
of any reasonable and prudent alternative measures" which would
not jeopardize the continued existence of listed species. 16
U.S.C. S 1536(d).

The Point Sur - ATOC project is, we are led to believe,
federally funded by ARPA and the Department of Defense (see
next section). Consequently, ESA Section 7's jeopardy
prohibition and consultation requirements apply even though
Scripps itself is a non-federal organization.

We are not aware that either NMFS or ARPA have initiated
or completed the consultation process. The EIS must disclose
and discuss the status of consultation and the agency's
timetable for completing that process. In the meantime,
issuance of the permit and any work on or expenditure of funds
in furtherance of the project would violate Section 7(d) of the
ESA.
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V.

Budgeting And Involvement Of The Department Of Defense

As we have previously indicated, the SRPs for the

California and Kaua'i projects fail to adequately disclose
Department of Defense ("DOD") involvement in the proposed
projects. An understanding of the scope and extent of DOD
involvement is critical to the public's review of these
research proposals. The EIS must include full disclosure of
DOD funding, involvement in decision making, and any plans,
commitments or discussions that have taken place regarding DOD
funding of future ATOC projects, experiments or equipment
development.

In addition, the EIS should disclose the extent to which

ATOC intends to utilize DOD facilities and personnel in the
course of the ATOC program. The SRP application does not
adequately disclose the involvement of the Department of.
Defense and/or ARPA in the proposed project.

Finally, the EIS must disclose if there are any "dual
uses" (i.e., both civilian and military applications) to the
technology being used or developed through the ATOC project.
For example, do the possible results of the ATOC project have
useful application to submarine defense systems?

CONCLUSION

In conclusion, we have many serious concerns not only
about the important and controversial scientific issues
swirling around both of Scripps' permit applications, but also
whether, how, and when these portions of the massive ATOC
project will comply with the host of important environmental
laws that protect the species at risk.

Please consider these comments as a request to deny SRP
P557A and P557 on the basis that this is the only rational
decision that can be made under the MMPA and NMFS' regulations,
as well as NEPA -- the application cannot be considered legally
until a full and adequate EIS is prepared. These comments
should also be considered "scoping" comments pursuant to the
May 3, 1994 notice of intent to prepare an EIS. You should be
aware that organizations named above that are being represented
by SCLDF for purposes of these comments may also be submitting
their own supplemental comments and testimony, and that SCLDF
may submit additional testimony based on the public hearings.

We also formally request that 20 copies of the Draft EIS

be provided to us immediately upon publication so that we may
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distribute them to the above-identified environmental groups
concerned about this matter.

In addition, we request that additional public hearings be
held in Santa Cruz and on Oah'u and Kuai'i no earlier than 30
days (instead of only 15 days) after the Draft EIS has issued
and at least one week prior to the close of the required 45-day
public comment period. Under the NEPA regulations, public
participation is strongly encouraged, and public hearings
should be held where there is substantial environmental
controversy concerned the proposed project or substantial
interest in holding the hearing. There is little doubt that
the Pt. Sur-ATOC project meets this criteria for holding
additional public hearings.

We appreciate your careful consideration of the concerns
that we and others have raised regarding these projects.

Very truly yours,

Jnis • olini Mark Smaalders
ttaff Attorney Resource Analyst

Mid-Pacific Office Mid-Pacific Office

hR Sherwood oi Estrada
Staff Attorney Research Assistant
San Francisco Office San Francisco Office

cc: Hawaili and California Coalition On ATOC
Hawaili Congressional Delegation
California Senators and Central Coast Congressional

Delegation
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Silver Spring, MD 20910
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Re: ATOC Environmental Impact Statement
- &Supplemental ScovinQ Comments

TfeJn. Montana

CJM.'~li

Orleans. Loueu, Dear Dr. Fox:
,ni. W&lwunran
P'lua". FlanUJ We submit the foilowing supplemental Environmental

Impact Statement ("EIS") scoping comments for the
Acoustic Thermometry of Ocean Climate ("ATOC") project,
Scientific Research Permit ("SRP") Applications P557
and P557A, proposed by Scripps Institute of
Oceanography for the waters off Kaua'i, Hawaili and Pt.
Sur, California.

We provide these comments on behalf of the
following nine organizations: Hawai'i's Thousand
Friends, Life of the Land, Sierra Club -- Hawai'i
Chapter, Animal Rights Hawai'i, Hawai'i Audubon
Society, Citizens Against Noise, Save Our Surf, Kaua'i
Friends of the Environment, and the Hawai'i Fishermen's
Foundations.

These comments are offered in addition to oral and
written testimony submitted at the Hawai'i public
hearings on April 14 and 15, and our supplementary
written comments on the SRPs submitted to your office
on April 29, 1994. We incorporate those comments by
reference here.

a -embe, c' Earth Share.
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I.

Potential Incompatibility with the Hawaiian Islands
Humpback Whale National Marine Sanctuary

The Oceans Act of 1992 sets forth the following policy:

"It is the policy of the United States to protect and
preserve humpback whales and their habitat within the
Hawaiian Islands marine environment." "

P.L. 102-587 5 2304. The Hawaiian Islands Humpback Whale
National Marine Sanctuary was designated by Congress for that
same purpose. The Sanctuary boundaries include, around Kaua'i,
the waters to the 100 fathom isobath adjoining the Kilauea
National Wildlife Refuge. However, consideration is currently
being given to expansion of the existing boundaries in accordance
with P.L. 102-587 S 2305(d). The Final Humpback Whale Recovery
Plan considers the waters around all major Hawaiian islands to
the 100 fathom isobath as essential habitat (see below).

The EIS for the ATOC SRP application must evaluate the
potential incompatibility of the ATOC project with the declared
policy of the United States, as quoted above, and with the
protections and regulations of the Marine Protection, Research
and Sanctuaries Act of 1972, as amended. These state, in part:
"Federal agency actions internal or external to a national marine
sanctuary, . . . that are likely to . . . injure any sanctuary
resource are subject to consultation with the Secretary." P.L.
102-587 S 304. Full disclosure of compliance with this
requirement is particularly important, in light of the fact that
regulations pertaining to this section have yet to be
promulgated. See Joint Statement by U.S. Representatives Patsy
Mink and Neil Abercrombie on the Proposed ATOC Project Off Kauai,
April 15, 1994 at 2.

II.

Conflict With The Recommendations Of The
Humpback Whale Recovery Plan

The Final Humpback Whale Recovery Plan (hereinafter the
"Recovery Plan") has been prepared by the National Marine
Fisheries Service ("NMFS") in accordance with S 4(f) of the
Endangered Species Act ("ESA") (16 U.S.C. 1531 et sea.), which
provides that the Secretary of Commerce "shall develop and
implement" recovery plans "for the conservation and survival" of
listed species. 16 U.S.C. § 1533(f). Conservation of listed
species means bringing them "to the point at which the measures
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provided pursuant to (the ESA] are no longer necessary" -- that
is, to the point where they have recovered and can be removed
from the list. 16 U.S.C S 1532(3). "Conservation" -- 1.e.
recovery -- is a central goal of the ESA, and the recovery plan
is the key document that provides a roadmap for recovery for any
particular species.

The Humpback Whale Recovery Plan states that its ultimate
goal is to be "biologically -successful," which will be achieved
when humpback whales occupy all of their former range "in
sufficient abundance to buffer their populations against normal
environmental fluctuations or anthropogenic environmental
catastrophes." Recovery Plan at VI.(A). Downlisting of a
population -- a measure of the "political success" of the plan --
"may be considered when (the humpback whales'] population dynamic
parameters indicate that it is approaching the environmental
carrying capacity." Recovery Plan at VI.(A).

The plan identifies two major ways to achieve growth in
humpback whale populations: (1) protection of habitats and (2)
reduction of human activities that interfere with annual life
cycle processes. In discussing habitat, the plan makes-the
following recommendation (at VI (C)):

1.11 Identify essential habitat in Hawaiian waters.
Coastal waters less than 100 fathoms deep around the
main Hawaiian Islands are essential to humpback whales.
These waters are of paramount importance for
reproductive activities of the Central Pacific Stock,
which includes the majority of humpback whales in the
North Pacific Ocean. Since these waters are threatened
by increased coastal development activities and
possible habitat disruption, determination of
appropriate protection for essential areas should be
completed. (Emphasis added)

The plan also calls for action to identify and minimize
possible adverse impacts of human activities and pollution on
important habitat, calling for consideration of the possibility
of "cumulative or synergistic interactions between various
factors." Recovery Plan at VI (C)(1.3). A primary disturbance
targeted for reduction by the plan is human-produced underwater
noise:

1.3111 Reduce disturbance from human-produced
underwater noise in Hawaiian waters and in other
important habitats when humpback whales arepresent.
Acoustic informftation is important in the life of the
humpback whale. Feeding humpbacks may key in on sounds
produced by other individuals or prey. Migrating
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humpbacks may listen for sounds produced by other
individuals, animals on the bottom, or echoes of their
own vocalizations. They may also listen for calls of
killer whales (Orcinus orca), as warnings of the
presence bf those potential predators. The exact
functions of calls produced by humpbacks on the winter
range, and possibly at other times, are not fully
understood, but they appear to have important functions
in reproduction and social organization.

Human-produced noises could potentially reduce
information available to whales, physically disturb
them, prevent them from carrying out some activities,
or even displace them from preferred habitats. It is
not possible to predict these impacts on humpbacks by
generalizing from information known about other
species. Some information is available for this
species .... Additional research could be performed,
but it is likely to be expensive and may provide
ambiguous results.

A more direct and cost-effective approach will be to
work toward minimizing human-produced underwater noise.
particularly in critically important areas such as
Hawaiian waters or other winter ranges, but also at
other locations when whales are present. (Emphasis
added).

Both of the recommendations cited above are "Priority 2"
recommendations, defined as actions "that must be taken to
prevent a significant decline in the population or habitat
quality of the species, or to prevent some other significant
negative impact short of extinction." Recovery Plan at 90.

NMFS is under a legal obligation to carry out these recovery
plan recommendations, and cannot grant a scientific research
permit for the ATOC project if such a permit authorizes
activities that are in conflict with the Recovery Plan. In order
for NMFS to be fully informed before making a decision regarding
the ATOC permit application, it is imperative that the EIS fully
analyze these issues as well as the following specific questions:

(1) What constitutes "appropriate protection" for
essential humpback whale habitat in Hawaiian waters
(defined by the plan to include waters up to 100
fathoms (600') around all the main Hawaiian islands)?
Is positioning of the ATOC sound source off Kauali
compatible with such protection?
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(2) Will the ATOC project result i reduced disturbance
of humpback whales from human-produced underwater noise
in Hawaiian waters? Is it compatible with the goal of
minimizing human-produced underwater noise in
critically important areas such as Hawaiian waters or
other winter ranges, as recommended by the Recovery
Plan?

III.

Suitability Of Pt. Sur And Kaihu Pt.
For ATOC Sound Transmission

In its evaluation of alternatives, the EIS under preparation
by NMFS and the Advanced Research Project Agency ("ARPAW" must
compare the potential impacts to marine life of the ATOC projects
proposed for Kaua'i with a similar project conducted in other
areas less rich in marine life.

According to Dr. Roger Payne, President of the Whale
Conservation Institute:

A further consideration makes it seem to me that the
choice of both areas (Pt. Sur and Kaihu Pt.] for the
broadcast of such intense sounds (lying well within the
frequency band which whales can supposedly hear) is ill
considered: both are well known areas, not just of the
occurrence of whales and other marine mammals, but of
their concentration. I believe it might be hard to
choose two areas _ lilto expose marine mammals
to the test signal on such a regular, though
unintentional, basis. . . . I would also urge that
other areas which do not have such clear c6ncentrations
of marine mammals be chosen for the location of the
transmitters.

Letter to Carol Fairfield, National Marine Fisheries Service,
March 25, 1994.

It is critical that the discussion of alternatives in the EIS
explore the feasibility of transmitting the ATQC signal from
other locations, and evaluate the number of species and
individual animals likely to be exposed and impacted by the
signal if it is located in an alternate site.
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IV.

Inadeguacy Of The ATOC Marine Mammal Research Program

The ATOC SRP Application P557 indicates that the ATOC Marine
Mammal Research Program ("1MMRP") will focus on humpback whales,
collecting shore-based and aerial visual observations as well as
passive acoustic data on this species. In addition,
opportunistic visual observations of other marine mammal species
and sea turtles will be conducted. It is critical that the ATOC
MMRP be comprehensive, well designed and successfully implemented
if it is to 1) function as a safeguard that ensures that
transmission of the ATOC signal is halted should significant
behavioral changes be detected among monitored species; and 2) be
used to "make models to predict the effects of man-made noise on
marine mammals," as proposed by the ATOC SRP Application (at 11).
The EIS must fully consider the concerns raised regarding the
adequacy of the MMRP, evaluate alternatives to the proposed
design, and assess the capability of the monitoring program to
assess-impacts on marine life as a result of the ATOC sound
source.

The MMRP has been criticized as inadequate in a number of
aspects. The criticisms fall into three primary categories: the
research program proposes to test an improper hypothesis, and
consequently may lead to false conclusions regarding the impacts
of the ATOC sound transmissions on marine mammals; the research
design is seriously compromised by the requirements of the ocean
climate monitoring program, with potentially significant negative
impacts on both the research results and the marine mammals under
study; and the MMRP is inadequate to detect important short-term
behavioral changes in all potentially impacted species.

The first criticism centers oit .he fact that ATOC proponents
have not evaluated the likelihood of failing to reject a false
null hypothesis. The research design assumes that the ATOC sound
transmissions will have no significant effect on marine mammals
(a null hypothesis), and proposes a monitoring program to
determine if that hypothesis is accurate (i.e. it will seek to
detect significant effects). At no time, however, is the ability
of the monitoring program to detect such effects evaluated. The
relatively small size of the humpback whale population that is to
be monitored (and the even smaller sample size for sea turtles,
sperm whales and other species), combined with our lack of
knowledge regarding the significance of various behavioral
changes exhibited by humpback whales and other marine life in
response to noise stimuli, increases the likelihood that the
monitoring program will falsely conclude that the ATOC signal has
no significant effect.
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This is of particular con-rn because without.statisticaliy.
significant evidence that ATOC transmissions are causing*
significant impacts no changes in those transmissions are likely
to be made. In addition, this research is intended to be used as
a model for thi response of marine mammals to low frequency
sound, and a false conclusion may have impacts that reach far
beyond the ATOC project now under consideration. As a result, it
has been suggested that the ATOC MMRP design be reformulated to
assume that significant impacts wij. occur, and that ATOC not be
allowed to proceed until that assumption is proven false. See
comments to NHMFS on SRP Application P557 and P557A by: David
Wiley (March 6, 1994) and Kurt Fristrup.

The EIS should fully -explore the likelihood that ATOC
researchers may fail to reject a false null hypothesis, and
consider the impacts that would stem from such a failure. In
addition, revision of the research design to assume that
significant impacts will occur should be considered.

The second criticism of the research design is that it is
compromised by the requirements of the ATOC program, with
potentially significant negative impacts on both the MKRP
research results and the marine mammals under study. Both the
signal strength and playback schedule of the ATOC sound source
have been selected in accordance with the needs of the ocean
climate modeling project, and not the needs of the marine mammal
monitoring program. --As Dr. Kurt Fristrup comments:

The playback schedule itself does not appear to have
been selected on biological grounds. It is not
explicitly tied to the locations, behaviors, or even
the presence of animal groups under observation. It is
not clear that the biological researchers will have the
authority to initiate transmissions on demand, regulate
their level or duration, or indefinitely suspend
transmissions to document the restoration of pre-
exposure conditions.

Comments to NHFS on SRP Applications P557 and P557A.

This issue is of critical importance for this research
project, and also for the precedent that this project could set.
"The proposed permit could establish a precedent of allowing
"takes" under scientific research permits for any kind of
activity as long as marine mammalogists are monitoring it."
Peter Tyack, Comments to NMFS on SRP 557A, March 20, 1994.

The EIS must evaluate the viability of the marine mammal
research, and consider how that research may be compromised as a
result of being conducted in conjunction with the ATOC ocean
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climate program. In addition, 'a ful.* evaluation:ofhe.potential'..
for modification of the ATOC sound source, including variations
in signal strength, duty cycle, and frequency levels, and
resultant impacts on the ATOC ocean climate program should be
included.

The third criticism of the MMRP concerns its ability to
detect short-term behavioral changes in all potentially impacted
species. A number of specific concerns have been'raised with
respect to this issue.

First, dedicated monitoring of only one species (the
humpback whale) is inadequate to assess impacts on other
protected species that are or may be present'. The monitoring
program should consequently be expanded to include additional
marine mammal and sea turtle species. See comments submitted to
NMFS regarding SRP 557 and/or 557A by: Scott Benson (March 4,
1994), Linda Weilgart (March 22, 1994), and Hal Whitehead (March
22, 1994).

Second, no monitoring of impacts to non-listed, but
nevertheless important species, including fish and invertebrates,
is planned, despite the potential for impacts to these species.
Such impacts could result in secondary impacts to protected
species that are dependent on these as food resources, and
economic impacts if ATOC negatively impacts commercially
important fish resources. See comments submitted to NMFS
regarding SRP P557 and P557A by Jim Darling IMarch 25, 1994).

Third, the monitoring program is inadequate to detect
potentially significant behavioral changes to most species, and
only dramatic behavioral changes are likely to be observed. In
his comments on the SRPs, Jim Darling notes:

At best only the most overt impacts on a few species
will be recognizable.. Even if broader observation
regimes could be developed, the natural variability of
behavior patterns in most, if not all, species are not

These species include:
sperm whales; pygmy sperm whales; dwarf sperm whales;
short-finned pilot whales; Cuvier's beaked whales;
Baird's beaked whales; Blainville's beaked whales;
killer whales; pygmy killer whales; melon-headed whales;
spinner dolphins; spotted dolphins; striped dolphins;
false killer whales; rough-toothed dolphins; bottlenose
dolphins; monk seals; and loggerhegd, green, olive ridley,
leatherback, and hawksbill sea turtles.
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well enough known to co6clude'a :ha'zig•e.:.in behavior is.. ""
the result of the experiment or some Other natural
variable. Unfortunately, the experiment is far too big'
in proportion to our impact assessment capability.

Fourth, the MMRP places excessive reliance on acoustic
tracking, and should be complement this technique with
additional, proven survey methods. Scott Benson, a member of the
biological team that participated in the Heard Island Feasibility
test in 1991, has commented:

The biological effect of the sound source should be
considered in a thorough manner using proven
technology. . . . Innovative use of hydrophone arrays
and tracking systems as currently proposed shoulld be
complemented with rigorous and ample standard survey
techniques in the event that the more modern techniques
fail to yield results.

Scott Benson comments to NMFS regarding SRP P557A (March 4,
1994).

The EIS should evaluate these and all other concerns raised
regarding the design and implementation of the ATOC MMRP during
the EIS scoping and SRP application review process, including
comments from the NMFS Southwest Region Office that the marine-
mammal research is not "bona fide," and the SRP should be denied
as a result. See SCLDF April 14, 1994, ATOC SRP comments at 13.

V.

Clarification of Sound Source Control

ATOC researchers indicated during public meetings and SRP
hearings held in Hawai'i that the ATOC MMRP results would be
constantly evaluated, and sound transmission halted or modified
if significant impacts to monitored species were detected. The
researchers were unable to definitively state, however, what will
constitute a significant impact for purposes of control of the
sound transmission. In addition, they suggested that the ATOC
MMRP would notify NMFS of.impacts to monitored species, and that
NMFS would in turn, take appropriate action to stop or modify the
sound transmission, if warranted. Researchers indicated that at
that time (April 16, 1994) protocols for control of the sound
source were still being developed.

We are dismayed at the lack of clarity over what constitutes
a significant impact, and the lack of protocols for control of
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sound transmission,, despite the appareht. intention to. use MARP
monitoring results to modify or- stop sound transmission, if such
action is warranted. We also note that the SRP Application P557
makes no mention at any point of sound transmission control or
modification as being among the research objectives.

The verbal statements of ATOC researchers are currently the
sole indication we have that the ATOC sound transmissions may be
influenced by the MMRP monitoring results. It is imperative that
the EIS fully discuss this issue, analyzing the ability of the
monitoring-program to detect impacts, the decision process that
will be used to evaluate the significance of any impacts, the
protocols that-will be established to communicate findings to
NMFS and the ATOC ocean climate researchers, and whatever formal
agreements will be in place to ensure.that protocols are adhered
to.

VI.

Evaluation of Cumulative Impacts and Development of Research and
Monitoring Protocols for Future ATOC Projects -

According to the Acoustic Monitoring of Ocean Climate Phase
2 Proposal Overview (January 16, 1994 at 4), plans are in place
for expansion of the ATOC network to the Indian Ocean, southern
Atlantic and north Atlantic basins in a phased effort beginning
in 1995; an Atlantic ocean experiment to explore acoustic path
options is slated for late 1994. These efforts will include
significant international participation. Expansion of the ATOC
network in this manner has the potential to impact additional
species of marine mammals, sea turtles and other marine life, and
will greatly increase the number of individuals of any species
exposed to the ATOC sound transmissions.

The Kaua'i ATOC project is a key element in the development
of the global network, and in the development of "models to
predict the effects of man-made noises on marine mammals." ATOC
SRP application at 11. If the Kaua'i and California projects
prove successful, researchers clearly intend to expand the scope
of ATOC. NEPA requires EIS's to consider cumulative actions,

*l"which, when viewed with other proposed actions have cumulatively
significant impacts and should therefore be discussed in the same
impact statement." 40 C.F.R. S 1508.25 (a)(2).

This is particularly important in light of the fact that,
although a hearing on SRP P557A has been scheduled by NMFS, to
take place in Santa Cruz, California on May 16, 1994, no
commitment has yet been made to prepare an EIS for the California
project. That project is very similar to the one slated for
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Kaua'i, both in its design and the potential impacts.:0 marine
life; consequently, it is inconceivable toius that "N*MFSwould~iot
require an EIS for the California research permit as well. In
addition, Scripp's clear intention to build a global ATOC
network, should these early projects prove successful, leaves
NMFS little choice but to address the impacts -of that larger
network at this time.

Consequently, NMFS and ARPA are under an obligation to
consider the cumulative impacts of an enlarged, potentially
global network in evaluating the impacts of the Kaua'i project.
As we explained previously, a programmatic EIS, with "tiered"
site-specific EISs (to address Hawai'i, California, and any other
future sites) would be particularly appropriate in reviewing the
impacts of the ATOC project. See SCLDF April 14, 1994 ATOC SRP
comments at 11.

NEPA also requires that EISs include as part of the
consideration of alternatives appropriate mitigation measures.
S 1502.14. In the case-of the ATOC EIS, the mitigation to be
considered shodld include, at a minimum, a comprehensive
monitoring program to be conducted in conjunction with, and for
the duration of, anv.ATOC sound transmission. The EIS should
also evaluate how that mitigation would be enforced, particularly
in the case of ATOC transmitters that are placed in foreign or
international waters, and may be funded and/or controlled by
foreign governments or research interests.

VII.

Budgeting and Involvement of the Department of Defense

As we indicated in our April 14 comments, the SRPs for the
Kaua'i and California projects fail to adequately disclose
Department of Defense ("DOD") involvement in the proposed
projects. An understanding of the scope and extent of their
involvement is critical to the public's review of these research
proposals. The EIS must include full disclosure of DOD funding,
involvement in decision making, and any plans, committments or
discussions that have taken place regarding DOD funding of future
ATOC projects, experiments or equipment development. In
addition, the EIS should disclose the extent to which ATOC
intends to utilize DOD facilities and personnel in the course of
the ATOC program.
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........Conclusion

We have reviewed the concerns of many organizations and
individuals in preparing these comments; collectively, those
commenting..on these SRP applications have a wealth of exp.erience
with marine mammals, sea turtles and..otier*marine-life,* and
environmental protection. We urge you to consider carefuily the'
issues that have been raised, and ensure that the EIS*review both
reveals and evaluates the extent and nature of the scientific
controversies that surround many aspects, of the proposed ATOC
projects.

Such an evaluation is critically important if informed
decisions are to be made regarding the ATOC permit applications,
and must include a full review of the impacts associated with a
larger ATOC network, and with the California project. The NEPA
process is itself expressly intended to "help public officials
make decisions that are based on an understanding of
environmental consequences, and take actions that protect,
restore, and enhance the environment." 40 C.F.R. S 1500.1(c).
Accordingly, we view this EIS as only the first step in a_
comprehensive environmental review that will allow NMFS and the
public to fully understand the consequences of the ATOC proposal,
and take appropriate actions in response.

We appreciate your careful consideration of the concerns
that we and others have raised regarding these projects.

Very truly yours,

Mark Smaalders
Resource Analyst

Denise Antolini
Staff Attorney

cc: Hawai'i Environmental Coalition on ATOC
Dr. David Hyde, Scripps
Hon. Patsy Mink
Hon. Neil Abercrombie
Hon. Sam Farr
Save Our Shores
Hawaiian Islands Humpback Whale National Marine Sanctuary
Monterey Bay National Marine Santuary
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April 14, 1994 AMENDED

William W. Fox, Jr.
P. Srf.an.9.III Director, office of Protected Resources
rV.A% National Marine Fisheries Service
ne. I- r1315 East-West Highway, Room 13130
Ano"f" Silver Spring, Maryland 20910

F.Y. Zq- Re: ATOC Project, Kaua'i, Hawai'i,
,k. Sc Research Permit Apolications P557 & P557A

L,.%t%L.-- Dear Mr. Fox:

The Sierra Club Legal Defense Fund ("SCLDF")
provides the following comments on the Acoustic

CF,, frn Thermometry of Ocean Climate ("ATOC") Project, proposed
by the Scripps Institute of Oceanography, Research
Permit Applications P557 and P557A, for Kaua'i, Hawai'i
and Pt. Sur, California, on behalf of the following
organizations: Hawai'i's Thousand Friends, Life of the
Land, Sierra Club, Hawai'i Chapter, Animal Rights
Hawai'i, Hawai'i Audubon Society, Citizens Against

.,,,n,,, Noise, and Save Our Surf.

INTRODUCTION

Before discussing the unresolved scientific and
legal issues surrounding this highly controversial
permit application, we wish to register our vigorous
protest against NMFS' decision to fast-track the
environmental review process. The lack of consultation
with the public at an earlier time, the very quick
scheduling of hearings, and the recent decision to
convert -- at lightning speed -- a draft environmental
assessment into an Environmental Impact Statement
("EIS") runs completely contrary to the intent of
environmental laws and serves only to heighten public
opposition to, and suspicion about, this project.

As you know, SCLDF conveyed to the National Marine
.Fisheries Service ("NMFS") on March 24, 1994 the
request of a dozen Hawai'i environmental organizations
for public hearings to be held in Hawai'i on the ATOC
permit application. NMFS' decision to hold only one
hearing, in Maryland on March 22, 1994, far from the
site of the project, was imprudent. While we
appreciate NMFS' decision (dated April 1, 1994) to
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grant our request for hearings, we must object to the decision to
schedule the two Hawai'i hearings on this complex issue for April
14 and 15, only two weeks after

notice was given. Under NMFS' regulations, notice must be
published "no less than 15 days in advance of the hearing." 50
C.F.R. § 216.33(b). Thus, the public notice of. these meetings is
patently defective.

The environmental groups in Hawai'i concerned about this
issue, as well as the hundreds of individuals who made their
objections known to NMFS, have simply not had sufficient time to
prepare for today's hearing. The scientific issues are complex
and the experts far-flung. Thus, we request that more public
hearings be held on O'ahu and on Kaua'i after the draft EIS
issues to allow the public sufficient time to engage in an
intelligent dialogue with the appropriate agencies on this very
important issue.

Moreover, the decision to push forward with the Hawai i
hearings and, at the same time, postpone the. California hearings
suggests a double-standard is being applied and operates to
frustrate genuine public participation in this process. The
environmental community in Hawai'i is deeply concerned that
Kaua'i is being used as the "guinea pig" for ATOC, which would be
completely inappropriate and be vigorously opposed.

NMFS' decision only two days ago, on April 12, 1994, to have
these hearings also serve as "scoping" hearings for purposes of
preparation of an Environmental Impact Statement ("EIS") by NMFS
and the Advanced Research Projects Agency ("ARPA") of the U.S.
Department of Defense ("DOD") under the National Environmental
Policy Act ("NEPA") further points to the conclusion that this
project is being rushed headlong through the public review
process. Why the rush?

As part of the scoping process, NMFS and ARPA must clearly
indicate the relationship between the timing of the preparation
of the environmental analyses and the agency's planning and
decisionmaking schedule. 40 C.F.R. S 1501.7(a)(7). This is
particularly important with respect to the relationship between
the Kaua'i project and the Pt. Sur project. This has not been
done.
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Under NMFS' regulations, a final decision on the permit must
be made within 30 days after the close of any public hearing.
50 C.F.R. § 216.33(c). How does NMFS plan to reconcile this
requirement with the decision to prepare an EIS that may take
several months? Under the circumstances, the only rational
decision can be to deny the permit.

Ultimately, the decision to rush the deliberations --
regardless of whether it is intentional or not, or budget-driven
or not -- does a grave dis-service not only to the public. but
also to the Proiect itself. If the ATOC project is, as Scripps
claims, a valuable new scientific method to study global climate
change, and if the marine mammal research project is, as the
marine mammalogists working with Scripps claim, completely
benign, then the public disclosure and deliberation process will
engender public support and work to the long-term advantage of
the project proponents.

Even NMFS and Scripps should agree. that the utmost caution
should be used in starting a project that has unknown
consequences on marine species that have the highest levels of
protection afforded by our nation's environmental laws. T
Project must be out on hold while the environmental review
process is followed to the fullest extent possible. Only then
will be public be satisfied that these precious marine species --

who cannot speak for themselves -- are not being put at risk in
the name of science.

I.

BACKGROUND: THE PERMIT APPLICATION

According to NMFS' and ARPA's April 12, 1994 notice of
intent to prepare an EIS, Scripps Institute of Oceanography,
institute for Geophysics and-Planetary Physics, Acoustic
Thermometry of Ocean Climate *("ATOC") Program is requesting
authorization to "take" by harassment several species of
cetaceans, including humpback whales, Hawaiian monk seals, and
sea turtles in Hawaiian waters near Hanalei, Kaua'i.

The October 25, 1993 permit application to NIM.FS for a
scientific Research Permit ("SCP") under the Marine Mammal
Protection Act ("1MMPA") provides a limited description of the
project background. Scripps is undertaking a federally
sponsored, international research initiative to measure long-term
ocean climate changes on global scales using deep ocean acoustic
sound paths to measure ocean temperatures. Scripps proposes to
install two acoustic transmitters and a series of receivers
throughout the Pacific over a two-year period (1994-1995) to
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assess the feasibility of a broader global ocean climate
monitoring program.

The source transmitter near Kaua'i would be located at 850-
950 meters depth, 13.7 miles north of Kaihu Point. Scripps
proposes to transmit a low frequency signal centered at 70 Hz,
with a bandwidth of 20 Hz and a band level of 195dB re 1 uPa.
During "normal" operations, the transmissions would last 20
minutes and be repeated every four hours at a maximum rate of
6/day (8% duty cycle).

The environmental community in Hawai'i has not been provided
with copies of Scripps' permit application for the Pt. Sur
project and thus we cannot adequately describe it here. We
request that copies of this application immediately be made
available to all interested parties in Hawai'i at no charge.

II.

NUMEROUS SCIENTIFIC ISSUES REMAIN UNRESOLVED

Scripps' SCP does not adequately discuss the numerous
unresolved scientific issues related to this project, both in
terms of global climate change research and the potentially
affected species.

The highly controversial nature of the scientific issues
related to this project were emphasized in a recently issued
statement joined by fifteen prominent scientists (letter
attached), who concluded that:

information on the hearing sensitivities and on the
diving abilities of most marine mammals is limited, and
that we do not yet know what the subtle, long-term
effects of noise on marine mammals might be. Given
these uncertainties, we do. not feel that it _is rudent
to nroceed at this time with the ATOC experiment.

We concur in this analysis and recommendation, and urge NMFS to
consider it carefully.

A. Global Climate ChanQe Research

Significant controversy exists regarding the measurement of
global ocean temperature through the ATOC project. Experts have
questioned the project on three primary grounds:

(1) Can meaningful information regarding ocean
temperature be obtained?
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(2) will that information lead to significantly better
understanding of global climate change, and the causes of that
change?

(3) Will such an understanding lead to corrective
actions on the part of nations and individuals?

The potential impacts of the ATOC project, *as well as the
significant expense, require a full and critical evaluation of
its purported benefits. A comprehensive analysis must include
alternative methods by which the temperature data can be
collected.

B. Extent of the ATOC Zone of Influence

The estimates provided in the Scripps' SPC application of
the ATOC Zone of Influence ("ZOI") are based on the assumption
that no significant* impacts to marine life will occur at sound
levels below 120-130 dB. Other scientists have questioned this
assumption, however, suggesting that some species may be impacted
at 110 dB levels. In addition, researchers are concerned that
the ATOC sound source may interfere with the ability of whales to
detect the songs of other whales, due to the increase in the
ambient noise levels. The ZOI for such "noise pollution" extends
far beyond the 40 km stated in-the permit application, and
possibly as far as 1,300 km. The EIS must examine all impacts
related to the ATOC sound source, and reconsider the ZOI, and the
potentially impacted marine life.

C. Impacts on Marine Life

The EIS must address the potential impacts of the ATOC sound
source on all marine life, including species not addressed in
Scripps' SCP application. The EIS must particularly address
potential impacts to species listed as threatened and endangered
under the Endangered Species Act, and to species which may serve
as critical food sources for those threatened- and endangered
species.

1. Sea Turtles

The following species of sea turtles are found in waters
adjacent to the Hawaiian Xslands: green, hawksbill, leatherback,
loggerhead and olive ridley sea turtles. The green and
leatherback sea turtles are most likely to be encountered in the
waters off Kaua'i. Available research (see Balazs and Ross,
1974; O'Hara and Wilcox, 1990, Lenhardt et al 1983; and Ridgway
et al 1969) indicates that sea turtles do respond to low
frequency noise. It is therefore imperative that a full analysis
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of the potential impacts of the ATOC sound source on sea turtles
be conducted.

Sea turtle researchers (including members of the NOAA/NMFS
Pacific Basin Sea Turtle Recovery Team) have indicated that the
monitoring proposed in Scripps' SCP permit application will not
be sufficiently sensitive to detect potentially significant
behavioral changes,. which may impact sea turtle populations, and
ultimately sea turtle recovery. The National Marine Fisheries
Service, office of Protected Resources, Permits Division, has
raised these concerns as well (see attached April 12, 1994 letter
from Ms. Ann Terbush to Dr. Christopher Clark), stating:

We strongly recommend that you develop a more comprehensive
research program to determine the behavioral and
physiological effects of the ATOC project on sea turtles.

In its evaluation of impacts to sea turtles, the EIS must
consider preliminary studies, to be performed before the ATOC
sound source begins transmission. These studies would include
captive studies of sea turtle response to low frequency. sound,
and satellite tracking of turtles (particularly resident green
turtles) in their migrations between the Northwestern and main
Hawaiian Islands. Such studies would allow an informed decision
regarding probable impacts on sea turtles to be made; it would
also provide a baseline of data (from satellite tracking) that
could be used to measure impacts from the ATOC sound source, if
the decision to proceed with the project was made.

2. Fish And Invertebrates

According to the recently released study "Low-Frequency
Sound and Marine Mammals - Current Knowledge and Research Needs,"
conducted by the Committee on Low-Frequency Sound and Marine
Mammals, the Ocean Studies Board, and the Commission on
Geosciences, Environment, and Resources of the Nationalo Research
Council (hereinafter NRC Marine Mammal Study) (at 53).,

Sound is important for normal behavior of many species of
bony and cartilaginous fishes . . . Fish use sound for a
variety of reasons, including but not limited to prey
detection, intraspecies communication, maintenance of
schools, and predator avoidance.

Recent research indicates that low frequency sounds are also
associated with fish reproductive behavior (see, for example
Lobel 1992). The ear and lateral line organs, which detect
acoustic and hydrodynamic signals, are thus very important to
normal fish behavior, and "damage to these systems would severely
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affect (the fishes] ability to survive and reproduce." NRC
Marine Mammal Study, at 53.

Although little is known about the'use of sound by marine
invertebrates, at least some species are known to have highly
developed systems for detection of sound.

Impacts on fish and invertebrates may be significant both
ecologically and economically. If ATOC negatively impacts fish
and invertebrate populations, secondary impacts may also be felt
along the marine food chain, as reductions in invertebrates or
fish may deprive marine mammals and other higher-level predators
of important food sources. Reductions in fish populations may
also have economic impacts, as there are many economically
important fish species (including some that are deep-dwelling)
found in Hawaiian waters.

It is imperative that the EIS examine potential impacts to
fish and invertebrates. Because of the lack of data on fish and
invertebrate response to sound sources, the EIS must also
consider preliminary studies, to be performed before the ATOC
sound source begins transmission, which could form the basis for
an informed decision on whether to proceed with the project, as
well as providing prior baseline data, should the ATOC project
proceed.

3. Lack of Knowledge Regarding Impacts Of Low
Freouency Sound On Marine Mammals

A fundamental issue of concern that must be addressed in the
EIS is our lack of knowledge about the impacts of low-frequency
sounds on marine mammals. The NRC Marine Mammal.Study states (at
1):

Data on*the effects of low-frequency sounds on marine
mammals are scarce. Although we do have some knowledge
about the behavior and reactions of certain marine mammals
in response to sound, as well as about the hearing
capabilities of a few species, the data are extremely
limited and cannot constitute the basis for informed
Prediction or evaluation of the effects of intense low-
frecuencv sounds on any marine species.

The SCP application submitted by Scripps for the ATOC
project also acknowledges the lack of information and knowledge,
stating (at 9):

The marine mammal research proposed here is motivated by the
fact that we do not yet know enough about the impact of the
ATOC source on marine mammals to predict levels, areas, and
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scales of influence. Previous studies of marine mammal
responses to man-made noises have examined short-term
behavioral responses to broadband industrial and
recreational vessel noise and there are no data on the
potential effects of a sound with ATOC source
characteristics.

In light of the lack of data on impacts to marine mammals,
it is critical to analyze fully the potential impacts prior to
initiating the ATOC project. This is particularly important for
several reasons:

a. ATOC is ultimately slated to be global in scope,
with 10 or more sound transmitters, possibly operating for
decades. The deep waters of the much of the world's oceans will
be subjected to low frequency sound transmissions generated by
ATOC. The potential impacts on marine mammal, turtle and fish
populations are thus much greater than those being discussed for
this initial project off the coast of Kaua'i.

b. The long-term monitoring effort will require
hundreds of millions of dollars, and will involve researchers and
agencies from a number of countries. Once begun, it will be very
difficult to change the course of this massive effort, and even
more difficult to halt it, even if data showing significant
impacts on marine life are reported. The appropriate time to
evaluate potential impacts is now, before the project is approved
and begun.

c. The most significant potential impacts to marine
life from the ATOC project are likely to be at the population
level, in the form of reduced breeding success, and impaired
communication, feeding, or other behavior that is critical to
individual and population survival. Despite their importance,
however, these population level impacts admittedly will no be
monitored in the course of the Kauai ATOC project:

It is the intent of this program to determine whether
significant or permanent impacts are possible on'humpbacks,
but at this time the research is designed to detect short-
term chanQes in resiponse to the ATOC source. (Scripps' SCP
Application, at 23)

The ATOC project has focused on short-term behavioral
shifts, despite the fact that these are not good indicators of
long-term impacts:

While short term, surface-based measurements of changes in
direction associated with received noise level provide good
indication of startle response or transitory avoidance, they
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are unreliable for estimating long-term changes (e.g.,
increased activity, avoidance of critical habitat,
interruption of feeding, or failure to find a mate) that
could have significant biological consequences. (Id. at 9)

It is critical that a more complete understanding of the linkages
between short-term behavioral changes and long-term population
level impacts be understood prior to initiating -a long-term
project.

d. In its focus on humpback whales, the ATOC
monitoring effort is not examining those marine mammal species
that may be most likely to be impacted by the sound source.
Sperm whales, which are known to hear sounds in the 70 Hz range
and are deep diving (to and exceeding 1000m) will not be
systematically studied in the waters off Kauai:

There is no specific attempt in this program to
systematically describe and compare the behaviors of sperm
whales before, during, and af-ter the ATOC source . . . (Id.
at 23)

In addition, the ATOC project has made no commitment to
studying the potential impacts of the ATOC sound source on other
species of marine mammals, such as may be. found off California or
other future ATOC sound source sites. If the humpback is to be
used as the indicator species for the ATOC project, the
similarities between humpback response (at both the individual
and population level) with other potentially impacted marine
mammals must be fully analyzed. If the humpback is not an
appropriate indicator species, or if insufficient data exists to
support a conclusion, then monitoring studies should be expanded
to include additional potentially impacted species.

III.

FULL COMPLANCE WTIH THE ENVIRONMENTAL LAWS IS REQUIRED
BEFORE THE ATOC PROJECT CAN PROCEED

In addition to the numerous scientific issues that have been
raised and stand unresolved, there are an array of legal issues
that deeply concern us. Our review of the environmental laws
that are implicated by the ATOC project confirm, again, the
conclusion that there has been wholly insufficient agency review
of the potential environmental impacts of this project and that
the applications may conflict directly with the laws protecting
marine mammals and listed threatened and endangered species.

A. A Full And Adequate EIS Under NEPA Must Be Prepared
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NMFS has recently determined that an EIS will be prepared
for the ATOC-Kaua'i project. (Notice of April 12, .1994.)
According to that notice, the EIS will consider: (1) the
potential effects of the proposed low frequency sound source on
marine mammnals, sea turtles, and other marine resources,
including fish; (2) alternatives with respect to site selection;
and (3) the purpose of the ATOC program and an evaluation thereof
as compared to other possible alternatives for assessing global
warming.

We are pleased that NMFS and ARPA will be preparing an EIS
for this project. As indicated in the attached March 17, 1994
letter from the Natural Resources Defense Council ("NRDC") to
NMFS, there can be little doubt that it is a major federal action
that may significantly affect the quality of the environment as
cbntemplated by NEPA. 42 U.S.C. § 4332(C).

However, we are gravely concerned about the following
issues:

First, the EIS process is being unduly rushed. As stated
above, notice of scoping was only recently issued. According to
the regulations of the Council on Environmental Quality ("CEQ"),
EISs (where appropriate) "shall be commenced no later than
immediately after the application is received." 40 C.F.R.
§ 1502.5. In this case, nearly six months passed between NMFS'
receipt of the application for a scientific research permit and
the decision to prepare an EIS.

Now, NMFS and ARPA appear tb be in quite a hurry to convert
the draft EA (which has never been released to the public) into
an EIS. This last-minute review is inconsistent with NEPA and
the CEQ regulations.

Second, according to the Scripps' scientists, the EIS is
being done "voluntarily." This. interpretation of the law is
incorrect. NMFS and ARPA should make clear to Scripps that the
EIS is being required by NEPA. Otherwise, the project proponent
may later decline to fulfill all of NEPA's requirements and spark
unnecessary controversy, if not litigation.

Third, NMFS and ARPA appear to be improperly limiting the
scope of the EIS to the Kaua'i portion of the ATOC project.
Under the CEQ regulations, proposals that are "related to each
other closely enough to be, in effect, a single course of action
shall be evaluated in a single impact statement." 40 C.F.R.
§ 1502.4.

Moreover, the regulations require that a "programmatic" EIS
may be required for broad federal actions that have common
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timing, impacts, alternatives, methods of implementation, media
or subject matter. 40 C.F.R. § 1502.4(c).

Indeed, the regulations specifically recommend preparing a
programmatic EIS for "federally assisted research, development or
demonstration programs for new technologies which, if applied,
could significantly affect the human environment." Id.,
S 1502.4(c) (2).

For such large-scale technology programs,

Statements shall be prepared . . and shall be
available before the program has reached a stage of
investment or commitment to implementation likely to
determine subsequent development or restrict later
alternatives.

Id., § 1502.4(c)(3.). See also id., § 1502.20.

A programmatic EIS, with "tiered" site-specific EISs, would
be particularly appropriate here where NMFS has received at least
one other similar permit application from the same project
proponent (for an ATOC transmitter at Pt. Sur, Monterey Bay,
California) and others are under consideration around the globe
(including the Indian and southern Atlantic Oceans).

Fourth, it does not appear that Scripps is genuinely
interested-in exploring alterfiatives to either the proposed
marine mammal research program, or, as suggested in the hearing
notice, to the ATOC project itself. A full "alternatives"
analysis is, of course, the "heart of the environmental impact
statement." Id., J 1502.14. The analysis should "sharpen the
issues" and provide a "clear basis for choice among options by
the decisionmaker A= the public." Id. (emphasis added). All
reasonable alternatives must be explored in detail so that
reviewers may evaluate their comparative merits.

Fifth, the EIS must discuss the possible conflicts of the
ATOC project with the objectives of federal, regional, state and
local land use plans, policies and controls. 40 C.F.R.
§ 1502.16(c)'. With respect to the Kaua'i. ATOC project, the EIS
must carefully consider the implications for the recently
designated Hawaiian Islands Humpbacks Whale National Marine
Sanctuary ("HIHWNMS"). We understand the area in which the
project is proposed is under active consideration for inclusion
in the HIHWNMS. The project may deteriorate the quality of the
area to the extent that it might be excluded from the sanctuary
because it may directly conflict with the purpose and intent of
the sanctuary program.
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Sixth, the EIS must clearly identify the factual areas where
there is "incomplete" or "unavailable" information. Id.,
§ 1502.22. Furthermore, on many of the issues raised about this
project, the answer of "no information exists" will not be
adequate. The agencies and applicant must undertake necessary
measures to obtain that information. T_., § 1502.22 (incomplete
information that is essential to evaluation must be obtained if
the costs are not exorbitant). If the costs of obtaining the
information is excessive, then the EIS must explain the relevance
of the incomplete information, summarize existing credible
scientific evidence on the issue, and evaluate impacts using
theoretical approaches or research methods that are generally
accepted in the scientific community. rd.

Seventh, we are concerned that the applicant may attempt to
move ahead with the project while the EIS process is underway.
The October 1993 SCP indicated that the Kaua'i ATOC project was
originally projected to be in place beginning after February 1,
1994, almost two months ago, and we are aware that the equipment
for the project has arrived in Hawai'i. We are also aware that-
the funding for the project has a 30-month term. These-
circumstances lead us to conclude that, but for the EIS process
and public pressure, the Kaua'i-ATOC project would have been
already commenced.

NEPA prohibits the irrevocable commitment of resources to a
project prior to the completion of the EIS process. Until a
Record of Decision ("ROD") issues, no action may be taken that
would have an adverse environmental impact or would limit the
choice of reasonable alternatives -to the project. 40 C.F.R.
§ 1506.1. Where the application is from a non-federal entity, it
is the agency's responsibility to ensure that the applicant
understands this directive oftNEPA. Id.

We request that all of these issues be addressed in the
Draft EIS and be taken into consideration in NMFS' review of the
SRP.

B. NMFS And ARPA Must Conduct An Analysis Of Project
Alternatives Under Section, 02(2)(E) of NEPA

In a March 17, 1994 letter to NMFS (attached hereto), NRDC
explains the basis for its request than a Section 102(2) (E)
"alternatives analysis" be prepared for the ATOC project because
it presents "unresolved conflicts as to-the proper use of
resources." SCLDF concurs in this request, and urges NMFS and
ARPA to proceed immediately to commence that process. The status
of the alternatives statement should be discussed in the Draft
EIS.
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C. The Permit Application Does Not Appear To
Satisfy The Strict Criteria Of The Marine
Mammal Protection Act

As explained in the April 8, 1994 comments submitted to NMFS
by Heller, Ehrman White & McAuliffe on behalf of NRDC (attached
hereto), the proposed ATOC project does not appear to meet the
criteria for a scientific research permit under -the MMPA. Under
16 U.S.C. § 1371(a)(i), a scientific research permit can be
issued only where the taking "is consistent with the purposes and
policies" of the MMPA. In addition, the permit must be for bona
fide and necessary or desirable scientific purpose, taking into
account the benefits anticipated to be derived from the
scientific research contemplated and the effect of the proposed
taking on the population stock and marine ecosystem. 50 C.F.R.
§ 216.31(c).

According to a December 21, 1993 internal memorandum, the
Southwest Region of NMFS. has recommended that the Scripps
scientific research permit be denied because "the proposed
research is not 'bona fide."' (Memorandum attached hereto.) The
Southwest Region recommended that a "more appropriate mechanism"
to authorize the requested activity would be a "small take"
exemption under section 101(a) (5) of the MMPA and an Incidental
Take Statement under Section 7 of the ESA. The recommendation of
the Southwest Region is that:

the ATOC testing be postponed for at least one year
during which additional baseline information may be
collected and monitoring methods re-evaluated so that
any effects on these species from the sound source can'
be detected. This would allow time for development and
processing of a 101(a).(5) incidental take
authorization, including requirements for monitoring,
that would sufficiently evaluate the impact of the*
acoustic sound on- marine mammals and -turtles.

Id. at 2.

Under the "small takes" regulations, 50 C.F.R. Part 2.28, a
proper request for such a take must be made and information
submitted in eleven separate categories, including: the
anticipated. impact of the activity on the species and their
habitat; the anticipated impact of the habitat loss on the
populations as a whole; the availability and feasibility of
equipment, methods, and manner of conducting such activity and
other means of effecting the least practicable adverse impact on
the affected species, paying particular attention to rookeries,
matinq grounds, and areas of similar significance; and a
monitoring and evaluation plan.
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Moreover, it appears that the applicant may have to apply
for an incidental take permit under Section 10(a) (1) (B) of the
ESA. Under 50 C.F.R. § 222.22, NMFS may issue permits to take
endangered marine species incidentally to an otherwise lawful
activity under section 10(a) (1) (B) of the Endangered Species Act.
As part of that application, the proponent must include a
conservation plan, based on the best scientific and commercial
data available, which specifies the anticipated impact, the
likelihood of restoration of the affected habitat, the monitoring
and mitigation plan, and the funding available to implement such
measures, as well as the alternative actions to such taking that
were considered and the reasons why those alternatives are not
being used. Id.

To the best of our knowledge, neither ARPA nor Scripps has
applied for an incidental take permit or a "small takes" permit
for the Kaua'i-ATOC project. While we do not have sufficient
information about the project at this time to conclude which type
of permit may be appropriate, there are at least serious
questions remaining about whether the applicant has even applied
for the proper permit.

D. NMFS And ARPA Must Initiate And Complete Formal
Consultation Under Section 7 Of The Endangered
Species Act

Under Section 7 of the Endangered Species Act, agencies
proposing actions that may adversely affect listed species or
their habitat must initiate a consultation process. NMFS was
notified of this legal requirement by NRDC by letter dated April
3, 1994 (attached).

If listed species occur in the area of the proposed project,
a Biological Assessment ("BA") must be prepared. If the BA
indicates that formal consultation is required, then a formal
Biological Opinion ("BO") must be formulated.

We are not aware that either NMFS or ARPA has initiated or
completed the consultation process. The EIS must disclose and
discuss the status of consultation and the agency's timetable for
completing that process.

E. The ATOC Project Conflicts With The Goals And Possible
Future Boundaries Of The Hawaii Islands Humpback
National Marine Sanctuary

As explained in the April 8, 1994 letter from Heller Ehrman
to NMFS (attached), the ATOC project appears to conflict with the
Marine Protection, Research and Sanctuaries Act, 16 U.S.C.
§ 1431(b)(1). The Pt. Sur portion of the project is located
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within the Monterey Bay National Marine Sanctuary, and the Kaua'i
project is in an area that is under active consideration for
inclusion in the new Hawaiian Islands Humpback Whale National
Marine Sanctuary. These issues must be addressed thoroughly in
the EIS.

IV.

BUDGETING AND INVOLVEMENT OF THE DEPARTMENT OF DEFENSE

The SCP application does not adequately disclose the
involvement of the Department of Defense and/or ARPA in the
proposed project.

The Draft EIS must disclose this information, including
budgetary information that may assist the public and
decisionmakers in determining the need for the project, as well
as related actions.

CONCLUSION

In conclusion, we have many serious concerns not only about
the important and controversial scientific issues swirling around
Scripps' permit application, but also whether, how, and when this
project will comply with the host of important environmental laws
that protect the species at risk.

Please consider these comments as a request to stay all
processing of the Scientific Research Permit until a full and
adequate EIS is prepared. These comments should also be
considered "scoping" comments pursuant to the April- 12, 1994
notice of intent to prepare an EIS. You should be aware that the
organizations named above that are being represented by SCLDF for
purposes of these comments m4y also be submitting their own
supplemental comments and testimony, and that SCLDF may submit
additional testimony based on the public hearings.

We also formally request that ten copies of the Draft EIS be
provided to us for immediately upon publication so that we may
distribute them to the above-identified Hawai'i environmental
groups concerned about this matter.

Finally, we request that additional public hearings be held
in Hawai'i -- on O'ahu and on Kaua'i -- no earlier than 30 days
(instead of only 15 days) after the Draft EIS has issued and at
least one week prior to the close of the required 45-day public
comment period. Under the NEPA regulations, public participation
is strongly encouraged, and public hearings should be held where
there is substantial environmental controversy concerned the
proposed project or substantial interest in holding the hearing.
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There is little doubt that the Kauati-ATOC project meets these
criteria for holding additional public hearings.

We appreciate NMFS' careful deliberation on this important
permit application.

Ve y truly y. rs,

D se nilini Mark Smaalders
aff Attorney Resource Analyst

Enclosures
cc: Hawai'i Environmental Coalition On ATOC
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aver fo rthe Dt e CovelOpent -or a Draft xnvironsen act

Statemant and Sanctuary Kanaqex.ent Plan, Itonolu .s.
Dapar.aint ot Oomarce, National Oceanic and x oas oric
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wa. "stopping th* sound projection" of the ATOC Uder oattr
speaker. That is not enough,
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right thing to do.
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Mr. Rolland A. Schlitten
Ks. Anne Turbush
National Oceanic and Atzospheric Administration
National Marine Fisheries Service
1315 East-Wsst Highway
Silver Springs, MV 20910

Mr. Jim" McCallum
National Marine Fisheries Service
2570 Dole Street
Nonolulu, Hawaii 96822

Re: Comments on Application for gcientitic Research Pernits
(P557 and P557A1 to Take Marine =muals. and. Ot-her Species
-- Acoust:Ic Thermonetry of Ocean Cl11ate anora
( 3ATOCQl/Pt. Sur. California and Kauai. Havai•

Dear Messrs. Schaitten and KcCallun and Ms. Turbush:

The Acruatic Thermometry of ocean climate Progran
("ATOC") of the Scripps rnstitution in La Jolla, *California
("Scripps),. bas sulmitted two 3cientific research permit
applications (numbered P557 and P557A) to the National Marine
Fisheries Services ("NX?8") , ATOC preposes to place two underwater
acoustic transmitters on the sea floor, one in the Monterey Bay
National Narine Sanctuary off the coast of California and the other
off of Kauai in areas under consideration for inclusion in the
Hawaiian Islands nu,,pback Whale National Marine sanctuary. These
transmitters would emit low frequency sound signals at
approximately 190 'decibels for twenty minutes every four hours for
at least the. next two years. Because this project would harass a
wide range of marine mazmals protected by the .Marine Mamal *
Protection Act of 1972 ("MSrPA"), soripps is seeking taking' permits
under the mwOA to alhow it to proceed. Ke write on behalf of the
Natural Resources Defense Council ("NRDCO) whose staff and members
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study and enjoy the unique, diverse and beautiful marine environs
of the state of Hawaii and the island of Kauai. These comments
should also be placed in the record with respect to the Monterey

Bay project, and FRDC4ea earlier written co=ents" dated March 3 and
March 17, 1994 should be incorporated into the record with respect

to the Kauai proqram. In addition to its previously expressed
concerns regarding proper compliance with the Rational

Environmental Policy and the Endangered Species Acts, XRDC below

describes its concerns regarding the ATOC permit. applications under

the M)PA and the Marine Protection, Research, and Sanctuaries Act

of 1972.

Marine Xa-al Protection Act of 1972

Congress enacted the XMPA to protect all maenals who
spend all or part of their lives in the sea from the adverse

effects of man's actions, 16 U.S.C. S 1361, and the centerpiece of
this legislation is a moratorium on the taking of marine mazzals.
16 u.S.c. S 1371(a). The tWPA defines "takingq to include not.only

capturing or killing marine mamnals, but also harassing or
atteuptinq to harass these animals. If U.S.C. S 1362(13).
Con *ss intended the concept-of harassment to be construed broadly

to include, for example, the excessive or wanton use of herbicides

which drain into waterways destroying marine mammal habitat, and

the improper operation of powerboats. X.R. 92-707i Dec. 4, 1971,

1972 U.S.C*C.,.h..4150. In subsequent amendments to the WgPA,
Congress also specifically evinced a concern about acoustic

harassment of marine mammals. See ff. Rep. No. 100-970, 1988

U.S.C.C.A.M. 6164.

The )WA provides *only limited exceptions to this

moratorium on the taking of marine mammal'. Set 16 U.S.C. S 1371.
The only exception arguably relevant to the ATOC project is

permitted taking for purposes'of scientific research. Scientific

research permits, however, are available only under limited

circumstances, and only it the taking *is consistent with the

purposes and policies' of the 4XPA. 16 U.S.C. S 1373,(a) (J). The

"basic underlying themew of the WWPA Is that any taking that occurs
must *not occur to the disadvantage of the species or stocks from
which the animals are taken... (The WM)A] requ.ires, in effect, that

limitations be established which viii be designed to act for the

benefit of the animals in question.' 1972 U.SX.C.A.K. 4157. f

LW -16 U.S. C. S 1373(a). Thus, our view io that A permit for

taking incidental" to scientific research may be obtained, but only

"if that research yill benefit the animals being taken.

The requirement that the proposed scientific research be

consistent with the purposes of the ?WA is also contained in the
regulations pramulgated under the WMA, which require that the
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following criteria be considered in determining whether to Issue a
scientific research permit:

(1) whether the proposed taking will be consistent with
the policies and purposes of the MMPA, "and

(2) -whether the granting of the permit is required to
further a bona fide and necessary or desirable
purpose, taking-into account the benefits
anticipated-Go be derived from the scientific
researchlcontemplated and the effect of the proposed
takIng...on the population stock and the marine
ecosystem.."

50 C.F.R. S 216.31(c) (for whales, dolphins and seals); 50 C.r.R. $
18.31(c) (for sea otters).

We are concerned that the ATOC project does not appear to
be consistent with the purposes of the ?0(PA.4 There is no
indication in the permit of how it would be beneficial t
marini mamaals to be taken to be subjected to the sound
transmissions, whether as individuals or as a speciea, even though
the burden is on the applicant f9r the permit to show that the
taking of a marine mammal under the permit wlli be consistent with
the purposes of the W(PA and regulations promulgated under it. 16
U.S.C. S 1674(d) (3), 72 U.S.C.C.A.H. 4158. The W0PA does not
countenance approving permits for scientific research on a simple
"knowledge for the sake of knowledge" rationale -- the research In
question must benefit the marine mammals themselves. Even were the
MMPA to be interpreted to alloy experimentation for'purposes other
than to benefit marine mammals, such research certainly must employ
those nethods least harmful to such-marine mammals. Plainly, there
are prudent scientific methods available to monitor global
temperature trends which do not involve the use of sounds so
invasiva to marine life.

I we also note that no wdepleted" species of marine maxmal may
be killed as part of a research project unless "the results of
such research will directly benefit that species or stock, or
that such research fulfills a critically Important research
need." Id. We do not believe that it is *critically important"
to monitor wazring-trends usini Sb A=OC proposal and are fearful
that the assault of sound contemplated by the ATOC project may
impair the senses upon which many depleted species of marine
mamals depend to survive.
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Morine orotectio.n. Rqsgarchl and Sanctuarzea Act of 19272

The Marine Protection, Research and Sanctuaries Act of
1972 ("Karine Sanctuaries Act") has as a primarypurpose the
identification and designation of "areas of the marine environment
which are of special national significance. 16 U.$.C.
S 1431(b)(1J. The sanctuaries are intended "to maintain, restore,
and enhance living resources by providing places for species that
depend upon these marine areas to survive and propagate." 16
U.S.C. 5 1431(b)(9). The ATOC project is located in the Montere
Bay National marine Sanctuary (the "Monterey Bay Sanctuary"), vhich
stretches along the coast of central California, J= 15 C.r.R.
Part 944, and s also located in one of the most pristine and
beautiful areas in the world off of Xauai, currently under
consideration for inclusion in the Hawaiian Islands Humpback whale
National Marine Sanctuary.

An important feature of the Marine Sanctuaries Act is the
protection afforded to "sanctuary resources." The Act defines
"sanctuary resources" to include "any living or nonliving resource
of a national marine sanctuary that contributes to the
conservation, recreational, ecological, historical, research,
educational, or aesthetic value of the sanctuary." 16 U.S.C.
S 1432(8). The Act prohibits destroying, causling'the logs of, or
injuring any sanctuary resource managed under law or regulations
for a sanctuaryt 16 U.S.C. S 1436(l), and requires that'thb
Secretary of Commerce be consulted regarding any permitted activity
that is liel to have such a deleterious effect. 16 U.S.C.
S* 1434(d) (1)(A). The federal agency proposing to alloy such an
.activity must provide the Secretary of Commerce with a writtein
description of the activity and its effects "at the earliest
possible tine," 16 U.S.C. S 1434(d) (1) (B), and the Secretary must
recommend alternatives to protect sanctuary resources if he
believes those resources will be adversely affected. 16 U.S.C.
S 1434 (d) (2) . If the alternatives are not adopted, the permitting
aqency must explain why not. 16 U.S.C. S 1434(d) (3). Although the

.AT OC project will likely cause injury to living sanctuary resources
such as the various species of whales that will be taken, it does
not appear that this requirement to consider alternatives has been
met#
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In light Of these statutory requirements, the Secretary
of Commerce should, at a minimum, have been notified of the ATOC

"*perit applications, and should prepare coments and reco end
alternatives to protect the Hawaiian Islands and Monterey Bay
Sanctuaries' resources. Consistent with the intent and .spirit of
the Marine Sanctuary Act -and its implementinq regulations, we do
not believe, that the Secretary may, within his reasonable
discretion, sanction the ATOC proposal.

'spectfully s'.abmitted,
HE ERW KcAULIFFX

5 Flouxu
S y Ia Quast
Attorneys for NRDC

cc: Joel R. Reynolds, Esq.
KRDC
Mr. Terry Jackson
Monterey Bay National Marine Sanctuary
Denise Antolini
Sierra Club Legal' Defense Fund



'We. as marine mammaJ scientists. understand the difficulties and
limitations of studying marine. mammals. especially whales and
dolphins. In the wild. We recognize that our Information on the
hearing sensitivities and on the diving abilities of most marine
mammals Is limited, and that we do not yet know what the subtle,
long-term effects of noise on marine mammals might be. Given
these uncetainties, we do not feel that it Is prudent to iroceed at
this time with the "ATOC" (Acoustic Thermometry of Ocean Climate)
experiment, which will broadcast extremely loud (195 dB), low
frequency (ca. 70 Hz) sounds at a depth of around 850 m, off Pt.
Sur, Califomla and Kauai, Hawaii. every 4 hrs. for a duration of
20 min., around the clock, for about 2 years, more probably decades.
We are also uncertain of the effects these loud sounds might have
on the whole deep ocean ecosystem, which may be vital to the well-
being of marine mammals."

5yvia A. Earie, Ph.D. Founder
Deep Ocean Engineering

Katharine B. Payne Visiting Fellow
Comell University

Linda S. Weilgart ,p,..V. Post Doctoral Fellow
Cornell University

Louis M. Herman, Ph.D. Professor and Director
Kewale Basin Marine Mammal Laboratory

University of Hawafl

David Wiley, Ph.D. Senior Scientist
International Wildlife Coalition

Paul K. Anderson, Ph.D. Emeritus Professor of Zoology

University of Calgary

Jim Darling, Ph.D. Tofino, British Columbia

Hal Whitehead, Ph. D. Associate Professor ½r
Dalhousie University

Slephen M. Dawson, Ph.D. Lecturer, Marine Science
University of Otago
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Michael J. Moore, Vet. M.B. Visiting Invesligator
Ph.D. Woods Hole Oceanographlc lnsiute

Ellsabeth Slooten, h j~jAzb.•ce(
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W. NIgel Bonn&, Ph.D. Project Direcor
South Georgia Whaling Museum

Joneahan Gordon, Ph.D. Scientfic Director
'Song of the W•bJe Projee
Internationa Fund for Animal Welfare

Visitor

Wildlife Conservation Re-search Unit
Univerriy of Oxford

Carole Carlson, Ph.D.
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Los Angela. CA 9O0M
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March 21, 1994

Rolland A. Schmitten
Assistant Administrator for Fisheries
National Oceanic and Atmospheric Administration
National Marine Fisheries Service
1315 East-West Highway
Silver Spring, MD 20910

Re: Supplemental Comments on Application for
Scientific Research Permits (P5571 to TAke
Marine Mammals and Other Species -- Acoustic
Thermometrv of Ocean Climate Program
("ATOC")/Pt. Sur. California and Kauai.
Hawaii

Dear Mr. Schmitten:

These comments supplement those previously submitted by
the Natural Resources Defense Council ("NRDC") regarding the
permit applications cited above.

(1) The validity of the take estimates in both of
the pending applications is uncertain given the fact
that, according to the application (at 2-3), "animals
could be considered to be 'exposed' during each source
'on' duty cycle (for 1994, approximately 1530 times;
for 1995, approximately 2040 times); in some cases,
such 'exposures' could be considered multiple takes of
the same animal." Thus, even triough the "maximum
potential take would include the entire population"
(id. at 4), actual take may far exceed that amount.
The Marine Mammal Protection Act requires that, as an
essential precondition to issuance of a permit, the
estimate of take must be accurate and reliable.

(2) The pending applications are, and must be
analyzed as, initial steps in the overall ATOC planning
process. In that regard, it should be noted that a
descriptive brochure apparently issued by the Advanced
Research Projects Agency states that "[l]ong lead
planning is underway to expand the acoustic network to
the Indian and southern Atlantic Oceans .... " (See
Exhibit A hereto.)

(3) We understand that the Conservation Advisory
Committee for the Monterey Bay National Marine
Sanctuary was not informed of the ATOC project until
very recently and, even then, only through informal,

4p, 40 'o 20d 5tt I J15 0 New Y* *A1m.. NK W. 71 JShiws. .rc" 212 Mnhan 9i.. Suite !103
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outside channels. Given the potential significance of
the projectaand the location of the sound. source within
the boundaries of the Sanctuary, we believe that input
from the committee should have been solicited at the
outset,.in order to allow a meaningful opportunity for
local comment.

"r Very t yours,

J el R. ey Lds

I Snior A .-ney

Ann Notthoff
Senior Planner
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RoIlald A. Schmitte~n
Ugist&nt Administrator for Fisheries
National Oceanic and N•tm:oherioi Administration
National sarine Fisheries Service
1315 East-West Highvay
Silver 6pring], M)D 20910

Res SuPplePmentaI Co- ents on Aoo01cAtion far
Sclentific Rus~arch ]'armitrt (1SST72 t. T_-•
(arine _aimals and Other Secies -- Acouatic
TherymoiaetW of Ocean Clliint._Pro~ran
(N"qy•N�"/p. Sur. aifornIla and X8u'mi.

Dear Mr. SchnLtten:

Theae oomments supplement those previously submitted by
the Natural Rerwouroes Defense Council (*MRDC*) regarding the
permit applications cited above. This letter outlines the
legal obligations imposed by the National Invironzental Policy
Act (OlPA") on all federal agencies, including the National
Marine Fisheries Service ("NuS"), the National Oceanic and
Atmospheric Administration ()IOAA"), and the Dipartment of
Commerce (collectively "OM"). We believe that NEPA requires a
full and searching environmental review of the subject
applications before a decision is rendered.

Enacted by Congress in 1969, NZPA estabLiahes a
national environnental policy to lencouraqa productive and
enjoyable harmony between man and his environmanto and "pronot'e
efforts which will prevent or eliminate damage to the environmant
and biosphere and stimulate the health and welfare oa man." 42
U.S.C. 1 4321. In order to achieve its broad goals# XxPA
zandates thalb "to the fullest extent possible" the "policies,
regulatio#sc and public laws of the United States shall be

t On March 3, 1994, we submitted comments and a request ror
hearing limited to the Ft. Sur application. Because the Kauai
application and modification raise many of the same legal and
factual concerns, we request that those commenta and request for
hearing be considered with regard to the Kauai projoct as well.
Among additional concerns regarding the Kauai project, we note
that the Hawaiian monk seal, which is listed as one of the

poeoies to be ta~kon. has beea designatad as depleted under the
provisions of the Marine Ma=eal Protection Act.. 50 C.F.R. i
216. 15.

40 Wal 20d 9 SM" ZJN00 YirAmc.NN 71 51'tromw sirad Z12 Med&a S. 9Smif 103
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interprated and administered in accordance with [NEPAl." 42.
U.S.C. I 4332.

The heart of HEPA is its requirement that "AUi agencies
of the Federal Government" (id. (emphasis added)) prepare an
environmental impact statseant for any project that O=X
significantly degrade some human environmental factor.*
SteAmboatgrs X. F.E.R.C., 759 F.2d 1382, 1392 (9th Cir. 1985)
(&aphasia in original).1 As the Supreme Court explained:

Nx-PA's intruiction that all federal agencies co=ply
with the impact statexent requiremant - and with all
the other requirements of i 102 - "to the fullest
extent possible," 42 U.S.C. S 4332, is neither
accidental nor hyperbolic. Rather the phrase is a
deliberate command that the duty NEPA imposes upon the
agencies to consider environmental faotors not be
shunted aside in the bureaiwratic shuffle.

FlInt Ridge Develooment-Co. v. Scenic Rivers A)ggn, 426 U.S. 776,
737 (1976).,&

2The purpose of an 3ZS is to ensure that federal agencies and
the public are informed about the broad range of environmental
impacts that may be associated with a project, consider
alternatives, and carefully weigh the merits of the project
against those alternatives:

By ugatherling] in one place a discussion of .the
relative environnmntal impact of alternatives," .
hotg, 458 r.2d 827; 834 (O.C.Cir. 1972), the zIS"
makes it possible for the public and reviewing courts
to consider conveniently how and why the agency made
its final choices.

Friends of tbe River v. E.E.R.C. 720 F.2d 93, 106 (D.C. Cir.
1933). Inj JU LFtaIme v. Y.&.R.C., 852 7.2d 389, 398 (9th
Cir. 1988) (NEPA's goal is to facilitate "widespread discussion
and consideration of the environmntal risks and remedies
associated with the pending project.").

3 Specifically, NZPA provides that:

The Congress authorizes and directs that, to* the
fullest extent possible . . . (2) all agencles of the
7ederAl Government shell --

(continued...)
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The Ninth Circuit has rocognired that the congroasional
mandate to apply M4rA "to the fullest extent possible" is- ma
direction 'to make as liberal an interpretation as vs can to
accommodate the application of XZPA,'0 Lalrxwm2 v. ZJ[.R.D., 852
7.2d 389, 398 (9th Cir. 1988) (quoting Joines v. Gordon, 792 7.2d
821, 826 (9th Cir. 1981).4 As a result, the courts have
consistently required that an NIS be prepared unless the agency
has made a "fully informed and vall-consideredu decision that a
project will have no significant impact on the enviromeant.
_ne, 792 F.2d at 826. UA A1A2 Save the yaak Cmmfttee v.

plock, 840 F.2d 714, 717 (9th Cir. 1986)1 Tpundation for North
American Wild Sheen V. U.S. Deoit of AoT4culture, 681 F.2d 1172,
1178 (9th Cir. 1982)1 fSteaboaers., 759 7.2d at 1393-94.

In addition to and Independent of its requirevnt of an
environmentAl impact statexent, KEPA also directs all federal

:(,. continued)
(C) include in every recommendation or ruport on
proposals for legislation and other major Federal
actions significantl.y affoeting the quality of the
human environment; a detailed statement by thA
responsible offiocal on -

(i) the environmental impact of the proposed
action,

(ii) any adverse environmental effects vbich
cannot be avoided shoold the proposal be
implaxanted,

(iii) alternatives to the proposed action,

(iv) the relatlonship between local short-term
uses of win's environment and the maintenance
and enhancement of long-tearx productivity,
and

(v) any irreversible and Lrretrievable
coasitmants'of resources which would be
involved In the proposed action should it be
implemented.

42 U.S.C. J-4332 (exphhsis added).

a= l aR Foundation -for North Amerincmn W11d sheen V. U.S.
DeRt. of aroiltU1t, 681 F.2d 1172 (9th Cir' 19B2) ("we note the
exceptionally broad soopQ of NEPA%").
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agenoles to Ostudy, develop, and describe appropriate
altarnativesm to any project involving unresolved conflicts in
"Oalternative uses of available resources." 42 U.s.C. l
4332(2)(K). Sec-tion 102(2) (3) provides that

all agenoies of the Federal Governnent. shall

(9) study, develop, and describe appropriate
alternatives to recomaended oourses of action
in any proposal which involves unresolved
coraliots concai7inqg altarnative uses of
available resources

This alternatives requirement has b'ea~ repeatedly applied by the
courts, and each has concluded that it is "both nep.ndont of,
and broader than, the ZIS requirement." Bgb XMrnhall All!ance v.
RdIel, 952 r.2d 1223, 1229 (9th Cir. 1988), s*•. •oie, 1o9
8.CM. 1340 (1989). The provision, moreover, Ia mandatory "even
where a proposed-action does not trigger the SIS process. 1.5

As early as 1974, in EnvirTnmental Oefense Fund v.
Co1XsMof E=Inaerx of the U1.r Arn, 492 7.2d 1123, 1135 (Sth
Cir. 1974)0 the Fifth Circuit Court of Appeals applied f
102(2) (Z) and explained as follows its purpose and relationship
to the alternatives requiroaent of an EIS:

Clearly, Section 102(2)(rJ1I is suRoRenental to
an1d ore egtensive in its coumands thAn the reEqirevent
of 102(2 1 f(iI 1. It was intended to emphasize an
important part of NEPA's theme that all change was not
progress and to insist that no major federal project

$S cty of Authora v. Runt, 749 F.2d 1457, 1466 (10th Cir.
1984) 1 CitZ of Wey Yor1 v. The United States DeoAI2ent Q9
TransnortatIon, 715 7.2d 732f 742-43 (2d Cir. 1983), SM= d r
465 U.S. 1055 (1984): Aertaen . Yandrfeu, 637 7.2d 12,20 (1st
Cir. 1900)1 Nuaoles of Chica'o Noneowners Asnocletion Y. Lynn,
524 P.2d 225, 232 (7th Cir. 1975), gerx. dmn•UO, 424 U.8. 967, 96
S.CM. 1462 (1976) 1 TrInIty E[iaconal School Cor0. v. Romner, 523
F.2d 88, 93 (24 Cir. 1975): Hanly Y. Kleindlensto 471. .2d 823,
834-36 (24 Cir. 1972), q=, genlyjS, 412 U.S. 908, 93 S.Ct. 2290
(1973)1 California v. Beraland, 403 F.Supp. 465, 488 (E.D.Cal.
1980), aff'Id sub noM. California X. Block, 690 F.2d 753 (9th Cir.

SSection 102(2) (E) of NEPA was originally numbered f 102(2) (D)
and was aubooquent.ly renumbered by amendxant. Sea Pub. L. 94-83,
29 Stat. 424 (1975).
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should be undertaken without intense consideration of
other more ecologically sound cours. of action,
including shelving the entire project, or of
accomplishinq the same result by entirely different
mezsr. [Maphasis added. )

The court further emphasized the breadth of alteiratives
cont"plated by 1 102(2) (Z) :

The i=merative directive is A thorough onsidearntion of
all aoororiate methods of accaoolishing the aim of thle
AgeiDn, including those without the area of the
agency's expertise and regrulatory control as well as
those within it.

d. (citing atural Resources DeWfense Council vX. Korton, 458 F.2d
827, 834 (D.C. Cir. 1972) (emphasis added).

More recently, the Court of Appeals for the Eighth
Circuit addressed the scopa of I 102(2)(R) in Olmsalad CItIzens
For A Better- COMnnitv. U-ni ted State# 793 7.2d 201, 205 (8th
Cir. 1986). Noting the "supplszmntal- and emore extensive'
command" of the requirexant relative to an UIS, the court
observed that 102(2) (3)

i~AcA not a duty to publish an even more thorough
explanation than in an impact statement but instead A
dutt to Actively seek out and develo, aIt&rMativen as
opposed to merely writing out options that reasonable
speculation suggest might exist.... The Case proposes,
for exaxple, that an agency should consider wshelving
the entire project" or "aocomplishing the sane result
by entirely different means"

Yd. at 208 (emphasis added) (citations omitted).

Perhaps the most extensive discussion of S 102 (2) ()
appears in the Ninth CLrcuit's decision in Bob Marshall Allanie,
852 F.2d 1223. In Marshal, wilderness preservation groups
challenged the issuance by the Deprarent of the Interior of oil
and gas leases in designated wilderness areas of national forest
land. In concluding that the leases violated the agency's
obligations under NEPA to consider alternatives, the court of
appeals addressed the speoific differences between 1 102(2) (1)
and the independent alternatives section of an NIS, concluding
that the former is broader and is required even where an EIS is
not:

Koreover, coansideration of alternatives is
critical to the goals of XN'F2 even where a proposed
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action does not trigger the EIS process. This is
reflected in the structure of the statute: while an
EIS must also include alternatives to the proposed
action, 42 u.s.C. j 4333(2)(C)(iii) (1982), the
consideration of alternatives requirement is contained
in a soparate subsection of the statute and therefore
constitutas an independent requireeant. SeA j S
4332(2)(5). The lanolaue and effect Of the two
s'bse%=1ons lado indicate te=ai tie considoratfon !2
nlternatives reouirenent is 2o vider ucoye than the gTS
requrement. Thn former applies whenever an action
Involves oonDMIctA, While the letter does not come int2
1210v unless the Actio jill htve 81CIaICfAnt
enYironmental effects. &an XTS Is recired where there
hae been an irretrievable cogmitMent o2resourCes, but
Unr~uolved conflicts As to thme 02er uise of available
resourcesO may eist yell before that ooint.
=nsideration of alternatives rRSulrsemnt is both
inde22ndent of. and bro ader thAn. the RIS reuijr'eMlent.
In short, any proposed federal action involving
unresolved conflicts an to the proper use of resources
triggers HEPA's consideration of alternatives
requirement, whether or not an X.S is also required.

•1. at 1228-29 (eaphasis added) (citations oxitted).

These decisions reflect the clear legislative intention
to mandate comprehensive and systexatic consideration of
alternatives, through both the EIS prooess and the independent
alternatives study requiremant, as part of the decisionnaking
processes of wall agencies of the Federal Covernment." 42 U.S.C.
j 4332(2). They further establish that 5 10212) (.) applias
regardless of whether a full EIS is required. congress
intended - aed the courts have enforced -- an independent
obligation ot all federal agencies to stu'dy, develop, and
describ•" appropriate altonativeas, even where an 115,, for
whatever reason, is not required.

SIn addition, the Council on Environmental Quality, the agency
charged with administering NEPA, roached the same conclusion.

Th(s] requirement of j 102(2)(E) extends to all such
proposals, not just the more limited scope of
(2) (C) (iii) where the disousslon of alternatives Is
confined to Impact Statenents.

40 C.r.R. S 1507.2(d).
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This legal analysis is directly relevant to the subject
applications for permits pending before NXFS. First, *tx perLits
will authorize actions that would significantly affect the
environment in a broad range of vays,,& with potentially
devastating cona~qunces to irreplaceable resourceg.. In addition,
the pernits olearly concern issues o subtantial scientifio
controversy -- a fact that suppor-ts the nee4 for tull NzPA
analysis. An I.8 is thus required. Second, the requested
authority clearly implicates an unresolved conflict between
alternative uses of available resources a- our oseans and
associated marine environrent (including a broad range of
species) -- requiring the development and study of alternatives
independent of the EIB requirenant. Aboent suoh analyse.,
the requested permits cannot legally be issued.

An Hotthotf
Senior Plawnnr

cc: Tarry Jackson, Manager
Monterey Bay National Marine Sanctuary

sAmong the obvious impacts to be considered are the cumulative
effects of the Pt. Sur,, Kauai, and planned Indian Ocean and south
Atlantic Ocean projects. To our knowledge, no oonsideration has
bean given to what the effects of these projects, taken together,
might be. N2EPA requires that such analysis be done and publicly
disclosed before decisions on the pending applications are
rendered.
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March 3, 1994 .

Rolland A. Schmitten
Assistant Administrator for'Fisheries
National Oceanic and Atmospheric Administration
National Marine Fisheries Service
1315 East-West Highway
Silver Spring, MD 20910

Re: Comments and Reauest for Hearing on
ApDlication for Scientific Research Permit
(P557AI to Take Marine Mammals and Other,
Soecies -- Acoustic ThZrometrv of Ocean..-
glimate Erg2<an $MTC"/t.Sr. California

Dear Mr. Schmitten:

On behalf of the Natural Resources Defense Council
("H.RDC") and its members, we write briefly to raise concerns
regarding the pending application for a scientific research
permit (P557A) to take a range of species of marine mammals and
sea turtles in the vicinity of Pt. Sur, California in connection
with the Acoustic Thermometry of Ocean Climate ("ATOC") Program.
NRDc is a national non-profit organization with approximately
170,000 members nationwide, active in issues of water quality,
species protection, and habitat preservation.

The subject application seeks permission to install and
operate in the heart of the Monterey Bay National Marine
Sanctuary a sound source that will generate a noise level of
approximately 195 dB, an estimated 10,000,000 times the level at

.which gray whales reportedly show avoidance of noise. The
speakers would operate on a duty cycle of 20 minutes on, tour
hours off , 20 minutes on, four hours off, 24 hours per day for
the next two years at least. Similar experiments are planned for
this spring in Hawaii, off the coast of Kauai, and plans have
already begun to extend the project to the Indian and southern
Atlantic Oceans.

The Pt. Sur application requests a permit to "take" a
staggering number-of some 22 species of marine mammals (many of
them endangered or threatened), including 474,220 common
dolphins, 193,197 Pacific white-sided dolphins, 50,416 Risso's
dolphins, 145,033 Dall's porpoises, 174,000 northern elephant
seals, 244,000 California sea lions, 41,738 gray whales, 3,847
blue whales, 1,598 fin whales, 996-Minke whales, 1,066 humpback
whales, 2,503 beaked whales, 1,500 sperm whales, and many, many
more. Four species of sea turtles, as well as numerous varieties
of fish, may also be taken by the project.

' Wl'-, ' d, f,, 1.5 0 N,.ý )~.--L Avr.. N W ;I Stlo Shed22MLjgi.t ,a 0
-* .'. ~ r~ '-vv fi-";.-e CA 94105 H.M.M.. Hu... ) -fhu,-~sj



•Totally ..apart froi "the..scientific- interest of the.
p.lanned. experiments- which we do not ques.tion here -- we
b~elieve the'a~pli'ction raises se1ious and fundamental -issues
":about use-and-protection of our marine envirnm'ent.. Withioue"
rueitlon'- .*the applicition would 'causi signif icant.6noie pollution"
tUirughout the.'Pacific Ocean, a significant adverse i pact for
which, *'apparently, little attempt -to mitigate has been made.
Also undeniable .is thae :serious ltitusion upon marine species and
-ohe of the" most 'environmentally. rich and sensitive mari'ne-
environments on. the 'west- coast, an intrusion that may have
significant and unknown adverse impacts on "numerous speiiea whose
.'survival depends .o'thei'i" ability to hear. or be :heard-... Finally,
we. are s~u'prised by the fact -that the research will .apparently
"not be conducted in-an experimental fashion -'- that' io, .by using

-? graduated duty. cycld -that would -allow marine scientists -to.
monitor over' anI adequ~ate, period- of time what .impýacts'there may- be
trom a slowly increasin4..level of noise;

We believe 'that these issues and others.--'including
those raised. in-the attached: documehts and incorporated herein by
reference -- warrant further, study *and attention. In. addition; "anumber "of-federal statutes require. objective disclosure and
.anaiysis of potent'ial impacts (individually 'and'cumulatively)-,
.consideration of alternatiyes, *and maximum practicable mitigation
• of impacts to ensgur' that the proposed permit. wi-l not'needlessly
or carelessly destroy or hart the affected environment or
species.' These statutes mandate such con'sideratioh before any
f-inal" action by NHIS dn the.pending application.

For the foregoing reasons, we are concerned'-that fio
environmentaL -impact statement ("EIS") has been prepared or
"required byNMFS under the National Environmental Policy.Act nor,
we are told, is one planned. No Biological 'Opihion has.yet been
prepared by N1FS under the Endangered Species" Act, .although one
is expected.. No decision. has 'appirently been made' on yhether to
require a hearing, although, according to.l*FS staff, at least
two- requests for hearing have been filed. Under- the
circumstances, and regardless of what decision may ultimately be
made by NHFS on the application, we believe- that an EIS

I See, e.g., the National Environmental Policy Act, 42 U.S.C.
102(2) (C) and. (E) ; the Marine Mammal Protection Act, 16 U.S.C." SS
1361- at s_.. ; the Endangered Species Act, 16 U.S.C. *SS" 1531 et
s e. ; the Coastal Zone Management Act, 16 U.S.C. 5 1456(c) (1) (A);.
and . any federal. or state laws enacted to protect marine resources
or marine sanctuaries, including the Marine, Research and
Sanctuaries Act, 16 U.S.C. S 1431 et seq.



Scoping Comments
(Responses)



Preparer's Note

A letter originated by Dr. C. Clark to Ms. K. Svitil, dated 16 December 1994, was
inadvertently included in this section of the DEIS. Its inclusion was indeliberate, as it was not a
scoping comment and, as such, it is not included in this FEIS. We regret any inconvenience or
misunderstanding that this may have caused.
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UNTA RSITr OF CA.OAF+jNIA. SAN DIEGO

Samis V~rriTMJX 6Z OF 00MP L& JJOUA. CMLWQRNI& 9209

jarnuaty25 9

GreOd~G Y a
Director
Ofci c~ fl Sute 'iPlni
PO Box P54Q
IkOfomiUrHI 968.11-ýho*

Re: Fed rlonitec Review for the
1AcO cL-Thez ano etXry of Oceanr Cli~nymate- (ATOC). IrdFrnM

Deax D4 Wj

tlravers ty~if Ca.Ibird, San Diego, Seripps T~sdtuttion~ of Oceirbs"aphyiscrlpp..

herey I bbdit h bffice of Coastal Zone I~aee~,ofke -of State P.mfg

Manas. M Pro anSriphred In conection with the Acmultid Thrmomnetry.

Ocean~ th ( bgruAm-hich-is pr psedto~be ca;Te ou±tnear-KauA"
R{awa ly:Vý*:ask fhat the state Xeview Scripps? suibmittal ind- carcui in the'
wonch ni, hfat tite 40C Program is consist~nt with the HCzwfl..

Concuntely, Sompps j1t submitting the certification of.co~nsistwny to the Nationia
Ma ine ý41keries Z~rvýe (4NMP) and the 13. S. 4r=y Corps oit Erger3 Scripp
hýas -app~iea. o W2ýF for a scientific research p~qinit under thei tfa~ine Mammal
Protecd ~n !A&, and h~s requested authorization: fro m the Corps ~ utfiizeone or
Moreý xuk~i4Ide ý,ern~hits issued under Sectioh 10 of thee -Rlerý .d Hatbors A1t.
Both fy)est~f ver~iiits re listed in the -Hawaii Cbastal Zone Ma ~geznierif'PrograiM
(NiCZKj?).

Aln Jitli ýthe c~r~tifkaition of c~onsistency, w~e Inclose se'Veral, items which
provie~ sp~ortiAý dA* and information fofii y~ur use in rev/ie~lýng the ptoject."

The'ehdlosiliei.arý,e. the state-federal Draft ErnvfonmenriaI ImpoactStiternn ti
volumnes);. tieor~jlet~d- ICZM? Assessment Form;~ a copy~ of. Scripps' letter of
AUgt 1994 , ýd Lti Colonel Bruce Elliot of the H6nolulu'Disttict Corps iof



Engine oncerkijngi t1�e natio�tWide SectIon 10 permits; a cOt') of the.I4I�A,

scien C iSearC3�Z t*applicat!O�tO N1vf�S; and e copy of:the conservation

Dls�c�Wr�r2riit ad�UcatrOt& to the Hawaii Det�artzr�Qft� of Iiaz�d and Natural

�ri are ir�tended tb

These a all part of $�pps'COflS cy statem��

satisfy e �qwr
N oi15CP.l�.S�on

9 S .5Sforsiip

data. e sk tyo �3fovlde 0 0 r��tIO� � deternilx'a r�xegar4ii�g the

addl�o miter�� dod or .lf, 
tlT4s

compleen s�f � determlne that
e i�ee In the c*our�O. of your ste�ff� rdvieWCf

projei�±. ar� que$i arise, please £e�lfree t� c�U Russ Alber*s�i� at the A�OC;

Pro�e�± f�e (61P4 7529), o�r attorney l�{ary I�ud�0ft (51O-4.6�-4494)� or myseW..

* Sincerely,

Andr
* �o�an� ManAger.

cc: .(Wefl4b�UT�S)

�4�loz�ol 3ruce Elliot, U.S�C

�6� 4 re4 :; :c�64isie�cY C�rtiflcatloT
Form

E1� *�rnp act St�teniet
Application

'Lettk4 � p1�SaippS to COE� 8.29.94

Con�rV4�Ofl Dis�ict Use Permit .ApplicatiQfl
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JNIVERSITY OF CALIFORNIA, SAN DIEGO UCSD

B3RgELEY • DAVIS - LOS ANCELES " RIVERIDE - SAt DIECO " S F,,MANCISCO SANTA SARDA•fA * SANTA CAUZ

SCRIPPS INSTITUTION OF OCEANOCRAPHY LA JOLLA, CALIFORNIA 92093

December 21, 1994

Mr. Don Hibbard, Administrator
State Historic Preservation Division
Department of Land and Natural Resources
33 South King Street, 6th Floor
Honolulu, Hawaii 96813

Re: Acoustic Thermometry of Ocean Climate Project

Dear Mr. Hibbard:

Thank you for your response to the DLNR consultation notice on the
above project. We will keep your division advised of any changes in the project
which could affect division responsibilties.

Sincerely,

Andrew Forbes
ATOC Project Manager



UNIVERSITY OF CALIFORNIA, SAN DIEGO UCSD

BERKELEY - DAVIS o LOS ANGELES o RIVERSIDE * SAN DIECO SAN FIRANCISCO • SANTA BARBARA * SANTA CRUZ

SCRIPPS INSTITUTION OF OCEANOCRAPHY LA, JOLLA, CALIFORNIA 92093

December 21, 1994

Paul Kawamoto
Aquatic Biology Program Manager
Division of Aquatic Resources
Department of Land and Natural Resources
1151 Punchbowl Street
Honolulu, HI 96813

Re: Acoustic Thermometry of Ocean Climate Project

Dear Mr. Kawamoto:

Thank you for your September 6 letter of comment concerning the
proposed Acoustic Thermometry of Ocean Climate project and the related
Marine Mammal Research Program. The following information responds to
points raised in your letter.

You raise questions regarding possible effects of project activities on fish
around the fish aggregating device (FAD) which is 8 miles ESE of the source site.
Because of the distance separating these facilities and the fact that the cable's
approach is from the south west, there should be no physical conflicts between
the facilities. See DEIS Section 5.

You note that there is commercial fishing activity in the area of the sound

source and that little is known about the effect of low-frequency sounds upon
fish. You suggest monitoring and investigating such effects as part of the project
research on effects upon marine animals. Description of demersal and pelagic
fish species with the project area is included in Section 3.3.3 of the DEIS.
Commercial fishing activities are discussed in Section 5. Possible effects of the
source sound emissions upon fish is discussed in Section 4.3.2.2 of the DEIS. The
Marine Mammal Research Program will include monitoring to fish stock
assessments to attempt evaluation of the potential for increased predation on fish
and for impacts to the behavior of fish, particularly sharks. See Section 4.3.2.2.1.



P. Kawamoto
December 21, 1994
Page 2

The DEIS responds, inSection 1, to your request that the need for using
acoustic thermometry for measuring ocean climate. Other methods of collecting
ocean thermal data are also discussed and compared in Section 2.

Finally;, you register your objection to after-the-fact approval of the cable
installation. This issue is addressed in DEIS Section 1, regarding the ATOC
physical facilities, and in Section 5, regarding regulatory requirements. The
subsea cable, which connects to a pre-existing Navy cable offshore from Barking
Sands, was laid by the Navy at a time (October 1983) when a Navy vessel was

available for that purpose. Generally speaking, federal activities are exempt from
many state requirements. However, in order to ensure complete regulatory
compliance, the Scripps Institution of Oceanography has requested that the
Department of Land and Natural Resources ("DLNR") issue it a permit for the
installation of the cable on state lands that was made by the Navy. The cable has
simply been placed on the surface of the seabed and will not be connected or
used until completion of the permit process.

We appreciate your stated interest in research leading to greater
knowledge of the ocean and its marine life. We anticipate being able to share our
research results with interested agencies such as the Division of Aquatic
Resources'.

Sincerely,

Andrew Forbes
ATOC Program Manager
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December 19, 1994

Center for World Peace
Box 830
Waialua, Molokai
Hawaii 96748

Dear Mr. Sutcliffe:

This letter responds to the November 7, 1994, scoping comments submitted
by you on behalf of the Center for World Peace ("CWP"). Your letter attaches
an April 14, 1994, letter to Ann Terbush at the National Marine Fisheries
Service ("NMFS") that you. requested be put on record.

Several of your comments are within the scope of more extensive comment
letters submitted by the Sierra Club Legal Defense Fund ("SCLDF") on behalf of
a number of Hawaii organizations; a copy of our response to SCLDF's
comments is attached for your information.

This letter restates the principal comments made, and includes a summary
response to each. The draft environmental impact statement addresses most of
these issues in considerably greater detail, and should be referred to for a more
extensive discussion.

Your letter also combines comments on the scope and substance of the EIS,
the merits of the pending scientific research permit application to NMFS, and
specific information regarding many of the questions addressed in the DEIS.
This letter focuses on the treatment of the substantive and scoping issues that
you have raised; the DEIS itself integrates much of the information that you
have provided.

CWP Scoping Comment (1): A programmatic EIS should be prepared,
considering the impacts of a "long-term global network."

Generally speaking, the National Environmental Policy Act ("NEPA") takes
a flexible and practical approach to the required scope of an EIS. Here, the
structure selected consists of individual environmental impact statements for
the Kauai and California cabled source installations and associated Marine
Mammal Research Programs ("MMRPs"), an environmental assessment for
the acoustic engineering test ("AET"), and anticipated future environmental



review of any additional ATOC activities beyond the initial two year feasibility
study described in the Kauai and California EISs.

Separate EISs for Kauai and California were preferred because of the differing
(1) environmental settings, (2) state "lead" or "approving" agencies and state
law requirements, (3) interested communities, and (4). resulting impacts,
among other factors. A combined EtIS would have been cumbersome and
awkward, mixing differing state requirements in Kauai and California and
presenting most readers with information about a proposed installation some
distance away from the area of their principal concern. However, logistics
permitting, the Kauai and California EISs are being processed, on timetables
which allow for a coordinated and near-contemporaneous analysis.

As described in greater detail in Section 1 of the DEIS, future ATOC project
activities are too speculative to permit environmental analysis at this time.
While the ATOC project office has sought funds for the initial feasibility
demonstration work in part based upon the potential for a future global
network, the details of future proposals currently remain open and a're not
sufficiently defined to be analyzed. Obviously, if one were to assume that any
long-term transmissions would be at similar frequencies, intensities and
locations as analyzed in the DEIS, the impacts would likely be similar; the
validity of this assumption, however, will not be known until the initial
feasibility work has been completed.

See our response to SCLDF Comment 2 for additional discussion of this
issue.

CWP Scoping Comment (2): The EIS must comprehensively analyze the
potential effects of the ATOC project on Hawaii's humpback whales and other
marine animals.

This is the principal subject area of the DEIS, addressed primarily in Section
4.

CWP Scoping Comment (3): Discuss the consistency of the ATOC project in
Hawaii with applicable plans, policies, and controls, including the Humpback
Whale Recovery Plan, as well as the Humpback Hawaiian Islands Humpback
Whale National Marine Sanctuary.

This is the subject of Section 5 of the DEIS.

CWP Scoping Comment (4): Discuss the "premature" laying of the subsea cable
in October, 1993.

This issue is addressed in DEIS Section 1, regarding the ATOC physical
facilities, and in Section 5, regarding regulatory requirements. The subsea cable,



which connects to a pre-existing Navy cable offshore from Barking Sands, was
laid by the Navy at a time (October 1983) when a Navy vessel was available for
that purpose. Generally speaking, federal activities are exempt from many state
requirements. However, in order to ensure complete regulatory compliance,
the Scripps Institution of Oceanography ("Scripps") has requested that the
Department of Land and Natural Resources ("DLNR") issue it a permit for the
installation of the cable on state lands that was made by the Navy. The cable
has simply been placed on the surface of the seabed and will not be connected
or used until completion of the permit process.

CWP Scoping Comment (5): Include possible effects of ATOC on humans.

This discussion is presented in Section 4 of the EIS.

CWP Scoping Comment (6): Articulate a standard of significance, i.e. a
standard of harm that will guide whether the transmissions continue. Identify
who will implement the standard and make the decision whether to proceed
with the project.

This presentation is included in Appendix C. The ATOC project is also
suggesting the formation of a Community Advisory Group ("CAG") to interact
with the program and advise on important decisions, including source
termination decisions. The composition and structure of the CAG has not yet
been developed, since it is anticipated that interested parties may wish to make
proposals and suggestions regarding the CAG in their comments on the DEIS.

In sum, the authors of the DEIS have carefully reviewed your scoping
comments and have made every effort to integrate and address them in the
document. We trust that you will participate in the public review of the
document and provide us with the benefit of your comments.

Sincerely,

Andrew Forbes
ATOC Program Manager
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December 19, 1994

Mark Smaalders
Sierra Club Legal Defense Fund
223 S. King Street, 4th Floor
Honolulu, HI 96813

Re: Acoustic Thermometry of Ocean Climate &- Marine Mammal Research
Programs

Dear Mr. Smaalders:

This letter responds to the November 7, 1994, scoping comments submitted
by the Sierra Club Legal Defense Fund ("SCLDF"), on behalf of a number of
Hawaii organizations regarding the Draft Environmental Impact Statement

*"("DEIS") for the Acoustic Thermometry of Ocean Climate ("ATOC") project
offshore from Kauai. Your letter directly raises several issues, and also
incorporates five previous comment letters that have been submitted by SCLDF
to the National Marine Fisheries Service ("NMFS") and Advanced Research

- Projects Agency ("ARPA").

Since many of the comments in these six letters overlap, and to provide a
more ordered response, this letter restates the principal comments made, and
includes a summary response to each. The draft environmental impact
statement addresses most of these issues in considerably greater detail, and
should be referred to for a more extensive discussion.

Your six letters also combine comments on the scope and substance of the
EIS, the merits of the pending scientific research permit application to NMFS,
and specific information regarding many of the questions addressed in the
DEIS. This letter focuses on the treatment of the substantive and scoping issues
that you have raised; the DEIS itself integrates much of the information that
you have provided.

SCLDF Scoping Comment (1): The EIS must comprehensively analyze the
potential effects of the ATOC project on Hawaii's humpback whales and other
marine animals, including threatened and endangered species, sea turtles and
prey species.



Th;is is the principal subject area of the DEIS, addressed primarily in Section
4.

SCLDF Scoping Comment (2): A programmatic EIS should be prepared,
considering the impacts of a "long-term global network."

Generally speaking, the National Environmental Policy Act ("NEPA") takes
a flexible and practical approach to the required scope of an EIS. Here, the
structure selected consists of individual environmental impact statements for
the Kauai and California cabled source installations and associated Marine
Mammal Research Programs ("MMRPs"), an environmental assessment for
the acoustic engineering test ("AET"), and anticipated future environmental
review of any additional ATOC activities beyond the initial two year feasibility
study described in the Kauai and California EISs. The playback experiment was
originally authorized by NMFS in February 1993 under a NEPA categorical
exclusion for such research permits, and the modification request involves no
significant changes. (See response to Comment 27, below.)

Separate EISs for Kauai and California were preferred because of the differing
(1) environmental settings, (2) state "lead" or "approving" agencies and state
law requirements, (3) interested communities, and (4) resulting impacts,
among other factors. A combined EIS would have been cumbersome and
awkward, mixing differing state requirements in Kauai and California and
presenting most readers with information about a proposed installation some
distance away from the area of their principal concern. However, logistics
permitting, the Kauai and California EISs are being processed on timetables
which provide a basis for coordination and near-contemporaneous analysis.

As described in greater detail in Section 1 of the DEIS, future ATOC project
activities are too speculative to permit environmental analysis at this time.
While the ATOC project office has sought funds for the initial feasibility
demonstration work in part based upon the potential for a future global
network, the details of future proposals currently remain open and are not
sufficiently defined to be analyzed. Obviously, if one were to assume that any
long-term transmissions would be at similar frequencies, intensities and
locations as analyzed in the DEIS, the impacts would likely be similar; the
validity of this assumption, however, will not be known until the initial
feasibility work has been completed.

Your comments also state that a programmatic EIS including future
activities and the AET is required at this time. We disagree. The question is
addressed under Section 1508.25 of the NEPA guidelines, which provide that
"connected actions," as defined, "should" be discussed in the same impact
statement. Actions are connected if they:



('") Automatically trigger other actions which may require environmental
impact statements.

(ii) Cannot or will not proceed unless other actions are taken previously
or simultaneously.

(iii) Are interdependent parts of a larger action and depend on the larger
action for their justification.

40 C.F.R. 1508.25. In previous letters SCLDF has focused on subsection (iii),
implying correctly that subsections (i) and (ii) do not apply.. Specifically, none
of the ATOC project components "automatically" trigger other actions and in
fact they are all quite separable. For example, it would be possible to install and
operate only one of the cabled sources in California or Kauai, to carry out
playback experiments totally outside the context of these studies, or to further
evaluate the engineering considerations presented by the ATOC proposal
through additional engineering tests. None of these activities are
preconditions or prerequisites for the others.

In interpreting subsection (iii), the courts have applied an "independent
utility" standard, requiring that: "The dependency is such that it would be
irrational, or at least unwise, to undertake the first phase if subsequent phases
were not also undertaken." Blue Ocean Preservation Society v. Watkins, 754
F.Supp. 1450, 1458 (D.HW. 1991). Under this decision, independent utility
means utility "such that the agency might reasonably consider constructing
only the [facility] in question." Id. at 1459.

The Kauai and California cabled source proposals, as well as the AET and
playback experiments, all have independent utility under this standard, since
they all could rationally be undertaken independently of the other activities. In
fact, since permits have not yet been issued for the cabled sources, there is no
assurance that all components of the ATOC project will proceed; it nonetheless
remains the intention of the project to proceed with those activities that do
receive all required approvals.

These various activities are not "related to each other closely enough to be,
in effect, a single course of action" and therefore do not need to be the subject of
a single EIS.

In addition, no harm to the environmental review process will result from
this organization of the documents and, in our view, public review and
comment will be enhanced by the ability to focus on the 'geographically distinct
activities. Moreover, no impacts will be ignored or minimized by this
approach, since each document fully addresses the impacts of the activity being
covered, and the two EIS documents dovetail and incorporate one another.



While it would have been acceptable for the Kauai and California source
proposals to have been analyzed in a single document, given the flexibility
provided by NEPA, a combined analysis is not required and, in fact, would
have been less useful for the public and decision makers given the factors
discussed above.

SCLDF Scoping Comment (3): The proposed acoustic engineering test (already
completed) and playback studies should not proceed until a programmatic EIS
has been prepared.

"-See response to comment 2. The playback experiments originally were
suggested by the ATOC Marine Mammal Research Program Advisory Board, an
independent group of scientists and other interested individuals. Drs. Tyack
and Whitehead were among the concerned scientists that pressed for playback
experiments; the playback experiments were essentially an environmentalist
proposal. The playback experiments are the initiative of the Advisory Board,
and Scripps would be very reluctant to make any changes to those experiments
that are not agreed to by the Advisory Board. Potential cumulative impacts of
these related projects and MMRP and ATOC activities are discussed in the EIS.

SCLDF Scoping Comment (4): Both the Kauai and Point Sur locations should

be evaluated in a single EIS.

See response to comment 2, above.

SCLDF Scoping.Comment (5): Evaluate alternative source sites.

Section 2, regarding alternatives, contains a comprehensive discussion of the
global, sub-basin and local screening of potential source sites, carrying forward
alternative sites for detailed analysis.

SCLDF ScopingComment (6): Consider alternative methods of measuring
ocean temperatures, including direct measurements and satellite
measurements.

Section 2, regarding alternatives, contains a comprehensive discussion of the
alternative methods for measuring ocean temperatures, carrying forward
alternative technologies for a detailed analysis.

SCLDF Scoping Comment (7): Describe the ATOC physical installation,
including the power cables, sourcel etc.

The ATOC physical installation is described in detail in Section 1.

SCLDF Scoping Comment (8): Discuss impacts on sea turtles, fish and
invertebrates.



Subsections on sea turtles, fish and invertebrates are included in both the
environmental setting section (Section 3) and impact section (Section 4).

SCLDF Scoping Comment (9): Articulate a standard of significance, i.e. a
standard of harm that will guide whether the transmissions continue. Identify
who will implement the standard and make the decision whether to proceed
with the project.

This presentation is included in Appendix C. The ATOC project is also
suggesting the formation of a Community Advisory Group.('CAG") to interact
with the program and advise on important decisions, including source
termination decisions. The composition and structure of the CAG has not yet
been developed, since it is anticipated that interested parties may wish to make
proposals and suggestions regarding th!e CAG in their comments on the DEIS.

SCLDF Scoping Comment (10): Integrate the results of the baseline monitoring
program into the EIS draft.

The MMRP baseline monitoring that has been performed to date is one of
the many sources of information that has been relied upon in developing the
analysis in the DEIS.

SCLDF Scoping Comment (11): Discuss the potential that the ATOC project

will not work.

The challenges faced by the-ATOC proposal are discussed in Section 1.

SCLDF Scoping Comment (12): Refine the "zone of influence" calculations.

The zone of influence calculations presented in the original permit
applications to NMFS have been replaced with considerably more sophisticated
parabolic equation models of the projected ATOC sound fields. Those sound
fields are integrated with information about the distribution/abundance of
marine animal species and the information available about the hearing
abilities of those species to greatly refine the analysis of potential impacts.

SCLDF Scoping Comment (13): Include a cost/benefit analysis.

The environmental costs and benefits of the ATOC project are very
speculative and subjective, and only a qualitative comparison is possible. To
the extent that such a comparison can be made, the DEIS attempts to do so.

SCLDF Scoping Comment (14): Address areas of incomplete or uncertain
information.



Your comments point to the requirement of NEPA that where there is
inadequate information on an impact, and the means of obtaining the
information are not known, the E1S is to include: (1) a statement that such
information is incomplete or unavailable, (2) a statement of the relevance of
the incomplete or unavailable information to evaluating reasonably
foreseeable significant adverse impacts on the human environment; (3) a
summary of existing credible scientific evidence which is relevant to
evaluating the reasonably foreseeable significant adverse impacts on the
human environment, and (4) the agency's evaluation of such impact based
upon theoretical approaches or research methods generally accepted in the
scientific community. HEPA includes a similar, although less detailed,
requirement. The EIS responds to these requirements throughout, wherever
there is a lack of information pertinent to an important issue. See also Section
6.4.

SCLDF Scoping Comment (15): Include a worst case analysis.

As you know, worst case analyses are no longer required under NEPA and
have been replaced by the uncertainty disclosure just discussed. In any event,
the presentation in the original NMFS permit application is similar to (and in
fact much more extreme than) the worst case analysis requirement previously
urged under NEPA. See DEIS Section 4.

SCLDF Scoping Comment (16): Describe the rationale behind selecting the
ATOC source frequency, as compared to ultrasound frequencies.

Section 2 addresses this question. Low frequency sounds prQpagate much
better than higher frequency sounds over long distances in the deep sound
channel..

SCLDF Scoping Comment (17): Evaluate whether the MMRP will provide
meaningful data, particularly regarding long-term impacts;.justify the MMRP
methodology.

The MMRP research protocols are presented in Appendix C of the DEIS, and
include a discussion of the rationale for and limitations of those protocols.
Long-term impacts are the subject of a separate subsection for each of the
categories of marine animals evaluated in Section 4.

SCLDF Scoping Comment (18): Discuss the rationale for permitting research
takes of sea turtles and sperm whales where they will not be a specific target of
research.

The MMRP has been revised so that sea turtles and sperm whales will now
be specific targets of research under the MMRP.



F
SCLDF Scoping Comment (19): Discuss the techniques and impacts of the

proposed whale tagging.

Whale tagging will not be done in connection with the Kauai MMRP.

SCLDF Scoping Comment (20): Discuss the arrangements for control of the
sound source operations.

Control of the sound source operations is addressed at several locations in
the DEIS, including Section 1, which addresses the relationship between the
MMRP and ATOC feasibility operations, and in Appendix C, which discusses
the detailed control of the source, including termination guidelines.

SCLDF Scoping Comment (21): Describe the MMRP's capabilities for
monitoring behavior of animals at depths comparable to the source.

This issue is addressed in Appendix C. which includes a matrix chart
showing the capabilities of each of the techniques included in the MMRP.

SCLDF Scoping Comment (22): Describe how ocean temperature
measurements will be used and whether the results of this program guarantee
governmental actions to curb emissions of greenhouse gases?

There is obviously no guarantee that future governmental actions will
respond to the information developed by the ATOC project, but it is hoped and
anticipated that they will. The role of the ATOC project in relation to global
climate modelling efforts is addressed in Section 1 of the DEIS.

SCLDF Scoping Comment (23): Discuss the effect of the sources of funds (i.e.
ARPA) on ATOC decision making and the potential for use of the project for
military purposes.

There is absolutely no potential for use of the project for military purposes.
Required ARPA approvals for ATOC activities are discussed in Section 1.

SCLDF Scoping Comment (24): Evaluate a variety of ATOC transmission

protocols that minimize impacts on marine mammals.

The DEIS includes this analysis in Section 2.

SCLDF Scoping Comment (25): Discuss the consistency of the ATOC project in
Hawaii with applicable plans, policies, and controls, including the Humpback
Whale Recovery Plan, as well as the Humpback Hawaiian Islands Humpback
Whale National Marine Sanctuary.

This is the subject of Section 5 of the DEIS.



SCLDF Scoping Comment (26): Permit 813 does not cover the proposed
playback studies and it should not be revised to include those studies.

NMFS published notice of receipt of an application to modify permit 813 on
November 8, 1994. 59 Fed.Reg. 55639. Comments on the appropriateness of
this permit should be made in that context. The modified permit requested
does not differ significantly from the original permit, issued in February 1993.
Research contemplated by that permit was not done, and the modification
would extend the term of authorization for the research. The request to "take"
100 sperm whales has been deleted from the modification request. At the
request of NMFS, the modification names several other species which may be
affected by the experiment because they are within the two kilometer zone of
influence. This does not represent a changein the originally authorized
project, but merely provides documentation of potential effects originally
contemplated. The DEIS will include a brief discussion of the playback studies
and their impacts, including cumulative impacts.

Activities dependent upon modification of permit 813 will not proceed until
the modified permit has been issued.

SCLDF Scoping Comment (27): Greater efforts need to be made to involve the
public and concerned environmental groups in the environmental review
process, including additional public hearings.

We understand that NMFS intends to hold an additional public hearing in
February on the DEIS and the S"P. A principal purpose of the DEIS is to ,
disclose important information about the project and its potential
environmental impacts, and to provide a forum for public comment. The
ATOC office has also attempted to keep interested parties informed through
implementation of an ATOC hot line, and through periodic information
bulletins to the public and press releases.

In sum, the authors of the DEIS have carefully reviewed your scoping
comments and have made every effort to integrate and address them in the
document. We trust that you will participate in the public review of the
document and provide us with the benefit of your comments.

Sincerely,

Andrew Forbes
ATOC Program Manager
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December 18, 1994

Rex D. Johnson
Director of Transportation
589 Punchbowl Street
Honolulu, HI 96813-5097

Re: DLNR CDUA # KA-2734, Acoustic Thermometry of Ocean Climate and

Marine Mammal Research Program

Dear Mr. Johnson:

Thank you for your response to the consultation notice on the above project.
We will keep your department advised of any changes in the project which
could have any effect on commercial harbor facilities or operations.

Sincerely,

Andrew Forbes
ATOC Program Manager
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December 18, 1994

Sam Lee
Division of Land Management
Department of Land & Natural Resources
3040 Eiwa Street, Rm. # 308
Lihue, HI 96766-1875

Re: DLNR CDUA 7# KA-2734, Acoustic Tliermornetry of Ocean Climate and
Marine Mammal Research Program

Dear Mr. Lee:

Thank you for your response to -the DLNR consultation notice on the above
project. We will keep your division advised of any changes in the project
which could affect division responsibilities.

Sincerely,

Andrew Forbes
ATOC Program Manager



S-CORNELL LABORATORY of ORNITHOLOGY
159 SAPSUCKER WOODS ROAD 0 ITHACA. NEW YORK 14850

BIOACOUSTICS RESEARCH PROGRAM • (607) 254-2408 a FAX (607) 254-2415

December 14, 1994

Dr. William Fox
National Marine Fisheries Service
1335 East-West Highway
Silver Spring, MD 20910

Dear Dr. Fox,

I am writing this letter in response to the 7 December, 1994 letter addressed to
you from Heller, Ehrman, White and McAulifie, a firm representing the Marine
Mammal Fund and the Earth Island Institute. That letter takes issue with Dr. Adam
Frankel's request for a third modification to his permit #813; a permit granted
almost two years ago to conduct acoustic playback experiments with humpback
whales off the Islands of Hawaii. The modification was made in order to list other
marine mammal species that might be exposed incidentally to the playback sounds
during the proposed experiments. The primary reasons why I am writing a
response are threefold: firstly, Dr. Frankel is now a post-doctoral Fellow in my lab at
the Cornell Laboratory of Ornithology, and, as one of the team leaders in the Marine
Mammal Research Program (MMRP) for Kauai, it is importnt-that you understand
the value of his permit #813 toward the goal of understanding the potential effects
of low-frequency sounds on humpback whales. Secondly, I wanted to articulate the
plan and rationale for the playback research that we propose to conduct this winter
off north Kauai. Thirdly, I wanted to generally address some of the errors as stated in
the Heller, Ehrman, White and McAuliffe letter especially as they relate to the
MMRP associated with the oceanographers' Acoustic.Thermometry of Ocean
Climate project.

Let me proceed by first briefly stating motivations, where I believe I speak for
all the marine mammal scientists who have dared venture into the thicket of
emotion, scientific ignorance, and distrust thae has been unlocked by the acoustic
thermometry project. The primary motivation is simple. We are committed to learn
and teach about marine mammals in order to expose not only their special place in
the natural world but also their broader place in the ocean's ecosystems. We do this
through the scientific method, and we are inspired by our individual commitments
to understand, protect, and conserve the ocean and all its life forms. Under the
scientific process, we make progress based on the accumulation of facts, the use of
logic, and hypothesis testing. An absolutely essential underpinning of this process is
scientific integrity and independence. Although, as scientists, we may often disagree
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on the strengths of various methodologies, interpretations of results, and scientific
priorities, we always respect each other's independence and debate those differences
within a forum of trust. Thus, it is particularly disturbing when that integrity is
discarded, when facts are ignored or misused, and when emotion and ignorance are
given equal weight to logic and knowledge.

In a nutshell, that's what has been happening in this firestorm in which
marine mammals are the emotional fuel and the acoustic thermometry project is
the lightening rod. Those of us with knowledge of, but also with deep commitment
to, the ocean and its inhabitants are being labeled as the devil's disciples by those
triggered into action more out of passion and misinformation than out of reason
(but often good intentions). Many of us as individuals have attempted to stand up to
this irrational assault, but because the discussions are not based on logic or facts
there is no progress and resolution, just more unjustified accusations. It is time that
something bigger than an individual stand up to this nonsense and deariv draw L-he
line. It is time that NMFS take a stand and respond with authority to the kinds of
accusations, stated and implied (as exemplified by the letters from Heller, Ehrman,
White and McAuliffe, the Honorable Patsy Mink's office, and Sierra Club Legal
Defense Fund), that tend to push the animals we are trying to protect further out of
the picture while making improved decisions more difficult. One key purpose of the
scientific permit process was to protect the animals and assure that the research
benefited their future well being. That is precisely why we have proposed playback
experiments off north Kauai. It is the single most powerful scientific method we
have to answer the complex question on the potential effects of low-frequency
sounds on free-ranging marine animals. Playback experiments are the empirical
basis for almost all our predictions on such effects, and the experiments proposed
under permit #813 are certainly of no direct scientific benefit to the oceanographers.

The Kauai MMRP plan
At present, our understandings of the potential effects of low-frequency,

human-made sounds on the endangered humpback whale are poor. They are
primarily based on empirical studies on vessel-humpback interactions conducted in
southeast Alaska, or by comparative extrapolation from playback studies conducted
either on gray whales off central California or on bowhead whales in the Beaufort
Sea. There are no systematic data documenting how humpbacks respond to low-
frequency oceanographic research sounds such as the type proposed by the Acoustic
Thermometry of Ocean Climate project. In that project, as you know, a world-class
team of oceanographic scientists propose to use a specially designed acoustic signal (a
75 Hz center frequency, 35 Hz bandwidth, coded m-sequence of ca. 27 seconds
duration repeated 42 times over 20 minutes) at 195 dB (re 1 piPa, the underwater
reference standard), for 20 minutes with a preceding 5-minute ramp-up period, from
a depth of 850 m. Two years ago, working in conjunction With Adam Frankel (at the
time a student of Dr. Louis Herman of the University of Hawaii), we proposed to
Scripps Institution of Oceanography to do acoustic playback experiments to
humpbacks off Hawaii. The logic was simple; playback is a powerful technique for
exposing the potential impacts of human-made sounds on whales, we both had



experience with the technique (Adam on humpbacks, me on right whales and gray
whales), and there was multi-year baseline data available from the Kona coast of the
Big Island. Adam therefore submitted a permit application. It was granted (#813), but
the proposed research was not funded. Now after collecting two seasons' worth of
baseline data for the north Kauai site, the application of the sound playback method
is timely and logical. What we have proposed to Scripps is a playback paradigm that
is very similar to the one used for the gray whale playbacks off central California.
The results of that research, where the biological team was co-led by Dr. Peter Tyack
of the Woods Hole Oceanographic Institute and me, are the primary source of the
120 dB (re 1 j±Pa) level so frequently cited as the level above which animals should
not be exposed. This 120 dB is a number that comes with a list of caveats, not the
least of which is that we don't know what the gray whales were responding to other
than the presence of a sound source in the middle of their migratory corridor (i.e.,
was it just in the way so they swam around it, or was it really disturbing?). One of
our goals for the Kauai experiments is to piavback a tow-frequency sound mn.deitd
after the sound that the acoustic thermometry project proposes to use for its research
on ocean climate. We plan to use the best transducer we can rent (a J15-3) so that we
can determine whether or not a whale responds to the received sound level, the
signal-to-noise ratio (how loud the sound is compared to background noise), the rate
of change in the sound field, or its proximity to the source. All these results will be
placed in the natural context of what the whale was doing at the time (e.g., traveling,
singing, resting, socially active). From the past two seasons' results, gathered using a
combination of proven observation techniques (aerial, acoustic, and shore-based) by
a team of some of our country's leading marine mammal scientists, weknow that
we can already observe subtle reactions of the whales to existing human-made
activities. Therefore, we are quite certain that we will be able to statistically test for
differences in the reactions of the whales under control and playback conditions,
and place those responses in a proper context. The playback vessel will be stationary,
moored in 100 m of water, with the transducer at 50 m. The maximum output of the
source is 176 dB (re 1 gPa). At this level the sound is 1% of the level proposed by the
acoustic thermometrv project (2.6 Watts versus 260 Watts), and is of absolutely no
use for their oceanographic research. However, the maximum level is high enough
(about ten times greater than the maximum level in the gray whale playback
experiments) to allow us to differentiate between a whale's responses to such things
as received level and sound gradient. In conjunction with the behavioral
observations under controlled and experimental conditions, we will collect
empirical data on the sound field as generated by the playback and ambient noise
levels in the study area. These critical data will be the basis for associating our
observations with the physical conditions of the playback exposure. This is one area
where a planned collaboration with the ocean scientists with expertise in modeling
sound fields and acoustic propagation will greatly benefit our biological results, since
we will be able to compare our empirical data with the most up-to-date sound
propagation models in order to better determine exactly what the animals were
exposed to.



As already stated, this playback experiment is of no direct value to the
proposed Acoustic Thermometry of Ocean Climate project, but its results will be
very valuable for better understanding the potential effects on humpbacks of the
low-frequency sounds that project proposes to use. Given that there is already a
plethora of human-made sound sources in the oceans and that these are certainly
louder and more persistent than the proposed Acoustic Thermometry of Ocean
Climate project source, it would seem wise to begin conducting some research that
specifically addresses the issue of potential low-frequency sound impact on marine
mammals. Otherwise, if we are going to rely on the few bits of information (e.g., the
120 dB re I gPa gray whale threshold) that are insufficient, we are not making
progress on behalf of the animals. The combination of the urgent need to know
more about this problem, the level of resou.-ces that the Acoustic Thermometry of
Ocean Climate project is willing to devote to marine mammal research, and the
scientific value of that effort, would all argue strongly in favor of issuing an
extension of Dr. Frankels existing permit -S;.3.

Before closing, I should add that othe: related projects are being planned. We
want to conduct another set of inter-island surveys -his winter (under Dr. Mobley of
the University of Hawaii, permit #810). The logic there is that similar survevs were
conducted twoyears ago, and we need to begin to build a baseline of such data in
order to document population abundance estimates for the wintering Hawaiian
humpbacks, and to document changes in those estimates and distributions over
time in order to evaluate long term trends that might be associated with human-
made activities such as the Acoustic Thermometry of Ocean Climate project.

We also plan to support Drs. Paul Nachtigall and Whitlow Au of the -

University of Hawaii to investigate the listening thresholds of three species of
odontocete (a bottlenose dolphin, a Risso's dolphin, and a false killer whale) for the
low-frequency, acoustic thermometry 75 Hz m-sequence.

For non-Kauai sites, research projects on sperm whales and sea turtles are
under active development. In Dr. Frankel's permit #813 modification he requested
authorization to conduct playback experiments to as many as 100 sperm whales.
Given that all our data for north Kauai reveal that sperm whales are scarce, we have
decided in September not to conduct sperm whale playback work off Kauai. Instead,
a sperm whale research plan is being developed in collaboration with Dr. Jonathan
Gordon of Oxford University, England (and the International Fund for Animal
Welfare). The plan is to conduct a series of playback experiments, similar to the ones
described above for humpbacks, with sperm whales off the Azores, using m-
sequence sounds with center frequencies of 800, 400, 200, and 75 Hz.. The Azores site
offers many advantages. It is Dr. Gordon's field site, so there are good baseline data,
and the prospects for obtaining good sample sizes in a single season are very good.
Dr. Gordon is an excellent scientist and one of the world's leading sperm whale
specialists. The project on sea turtles and the potential impact of low-frequency
sounds on these endangered animals is more problematic because there is a paucity



of research on turtle behavior, especially in the area of acoustics. Nonetheless, I am
working with Dr. Scott Eckert of Hubbs SeaWorld Research Institute to find a way to
conduct meaningful research on these animals.

I hope this has helped define the motivations of the Marine Mammal
Research Program for Kauai as well as my concerns, visions and plans. I realize that
this entire matter has required an unusual amount of your offices' resources. Let us
hope that all our efforts lead to both an improvement in our understandings of
marine animals and the impacts of our activities on them, as well as an
improvement in the mechanisms for protecting the environment in which they
must survive.

Sincerely, "

- //

Christopher W. Clark, Director

Bioacoustics Research Program

/Cg:Permit

cc. W. Au J. Harvey C. Spikes
J. Calambokidis R. Hofman B. Spindel
A. Cheaure ML Hudson J. Thomas
D. Costa D. Hyde J. Twiss
D. DeMaster B. Mate P. Tyack
J. Drevenak P. Mink J. Mobley
S. Eckert W. Munk P. Worcester
B. Ellison P. Nachtigall M. Wong Wilson
A. Forbes A. Notthoff B.Wfirsig
J. Gordon J. Richardson J. Zeh
Heller Ehrman White & McAuliffe
Sierra Club Legal Defense Fund, Inc.
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L&W 6MFCES OF
ALAN C. WA.,TNR

x7o IR.AN3:G' STP. BBT, ZIOBrTH FLOOR.

QAXI ND, CA.IORNIA 04•61"

(SZO) 4"•4404 (510) 4854698

(510) 20854562 (Cm=cr) 1)-=68

VIA FACSIMILE
Novembei" 8, 1j94

Paul Achitoff
Sierra Club Legal Defen se Fund, Inc.
223 South King Street, Fourth Floor
Honolulu, HI, 96813
FAX: (808) 521-6841

Re: Scripps Acoustic Engineering Test

Dear Mr-. Achitoff:

I represent the U"Xesity of California, including the
Scripps Institution of/Ooeanography (Scripps) in connection with
several matters including the upcoming acoustic engineering t'e~t
(AET) to take place Approximately 300 miles offshore Baja
California. This letter responds to your November 4' 1994,
letter regarding AET, sent to the Advanced Research Projects
Agency (ARPA), National Marine Fisheries Service (NMPS), and
Scripps.1

Your letter: (1) objects to the public notice that has bedn
provided of the AET, (2.) urges that. the AET be delayed for
approximately 30 days to permit public comment on the finding.of
no significant impact (FONSI) for the AET, which was signed
before your letter was transmitted on November 4, (3) argues that
a programmatic HIS is required before the ART can proceed, and
(4) buggests that violations of the Endangered Species Act (ESA)
and/or the Marine Mammal Protection Act (MMPA) may occur if the
AET is carried out without a permit from the NMFS. Scripps has
requested that I respond to each of these points. We also
'understand that ARPA. may be preparing a response later in the

'The letter was transmitted by facsimile after the close of
business last Friday so we were unable to begin preparing a
response until Monday. The copy received by Scripps also has an
apparent transmission error that has blacked out a small portion
of each page. While most of your points are readable, I would.
appreciate receiving a. cl.e'an copy to ensure that all issues have
been addressed.
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week, but that your letter arrived at a time when key personnel
were unavailable, precluding an immediate response.

Public Notice of the AET.

ARPA, MES and Scripps have attempted to keep interes.ted
partieo informed of these activities. As you note, the ART was
first announced to concerned environmentalists at a meeting in.
San Pranclsco, soon after it was *proposed in July, 1994..
Representatives of environmental organizations, including your.:
organization, the Sierra Club Legal Defense Pund (SCLDP), .as well
as several of your clients as listed ini your letter, were in
attendance at that meeting.

The only response to that announcement, to our knowledge,"
was an August 11 letter from Heller, Ehrman, White & McAuliffe*
(Heller) in.- Saxi Francisco to NMIS, on behalf of the Natural
Resources Defense Council, Earth Island Institute and the "Marine
Mammal -Fund, request.ing review of whether a prmit" would be
required for the AZT under the Marine Mammal Protection Act
(MMPA) or Endangered Spedies Act (ESA). Although neither Scripps
nor. ARPA were included on the distribution list for that letter,
NXFS forwarded a copy -to ARPA and requested that ARPA address the
issues raised. in it.

In response, ARPA provided an analysis to NMFS, and
requested confirmation from UAFS in a September 8 letter -of the
conclusion that no otaking" of marine mammals would occur during
the" AZT. On October 21, NMPS" provided a response, conditioning
it 5`iAei? that no taking would occur on several measurd6,

L including the termination of sound transmissions when an animal.
is detected within the "zone of modified behavior" (10-15 kn,
'depending upon the site, based upon the 120 dB sound field
contours), rather than a 2 km zone that Scripps previously had
proposed. This mitigation has since been incorporated into the
AZT proposal.

Until your November 4 letter (and a letter that same day
from one of your clients, Kauai Friends of the Environment), no
party requested an environmental assessment (EA) for the AET, nor
an opportunity to comment on an EA for that activity. Moreover,
no party requested any additional information concerning the.
timing or other details of the AET .following the July
announcement. In light of this, and given the fact that.the AZT
will be conducted nearly 3000 miles from Hawaii in a area with
very low marine mammal populations, will only involve
approximately 20 total hours of ATOC transmissions over an 11 day :A'
period, and will have operational- protocols whereby transmissions
will not occur (or will be stopped), if a marine mammal is
detected within the 120 dB "zone of modified behavior" around the
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sound source, we did' not anticipate significant public
•controversy surrounding the .project, particularly not from Hawaii
.organizations.

Since the AZT will be undertaken in .such a way that no
"taking" of marine m•amaIas will occur, no- permi.ts are required.
Because of this, Scripps recognized that there would be no formal
processes to provide a basis for community input. For that
reason, Scripps circulated a project update on Oatober 24, which
you apparently received early.last week, to provide more detailed
information on this activity. 2 Scripps provided the update
promptly after receipt of NHFS' October 21 letter. Scripps and
ARPA also received several requests for information regarding the
AET following the October 24 press release, and attempted to
respond to all of those requests promptly.

As you note, the Department of Defense (DoD) regulations*
under .the National Environmental Policy Act (NEPA) provide that
DoD Components are to: "involve environmental agendies,
applicants, and the public, to the extent practicable, in
preparing environmental assessments. In determining 'to the
extent practicable,' factors that may be considered include: a.
Magnitude of the proposal, b; Likelihood of public interest, c.
Need to act quickly." NEPA regulations at Section 1506.6 also
provide guidance regarding public involvement.

Most of the forms of public involvement suggested in Section
1506.6 do not apply to remote locations. For example, Jasper
Seamount is not in any state and has no nearby residents,
newspapers or other local media. California and Hawaii are a
considerable distance from the project site; nonetheless, notice
was given there in a very expansive application of these public
participation methods.

The public participation in the EA commenced at the earliest
practicable date, soon after the AET was proposed, through
announcement to environmental organizations that it was
considered kight be concerned with the proposal'. Notice was
given to environmental groups commencing with the July 19 meeting
in San Francisco, and through media releases issued in both
Hawaii and California on October 24. The one substantive comment
received concerning the AET, that compliance with the ESA and

2Your inflammatory accusations that Scripps withheld the
October 24 update until after .discovery" of the information by
your and/or your clients is patently false and defamatory.
Scripps issued the update promptly after the pertinent
information was available, specifically the October 21 letterfrori .NMS.
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IWPA be reviewed, was addressed through ARPA's September 8 letter
and NM•S' October 21 response. AOPA involved NEFS in the RA
-process through the consultation reflected in this
corxespondence. Since NEFS is the principal agency responsible
for regulating activities that might affect marine mammals, more
extensive environmental agency involvement was unnecessary. ARPA
also coordinated with the applicant, 'as directed by this
'guideline. .Given the low magnitude of the proposal and the lack
of material response to initial discussions with the
environmental community, this level of public involvement was
more than adequate from the standpoint of the NEPA and DoD
regulations mentioned above.

It should be noted that one goal of the AET is to respond to
comments previously submitted by SCLDF on •arch 17, 1994,
"requesting that Scripps actively seek out and divelop

-alternatives to cabled sound *sources in Kauai and California.
The AET will evaluate the acoustic properties and marine mammal
populations of al--i_ e o§-•Titv. as reqcuested by you and your
clients, and will per =i-t-ui7C1i-tion of ATOC resources to analyze I
various technical and engineering questions presented by
long-range acoustic" thermometry, while accommodating a delay in
commencement of operations in Xanai and California pending.
completion of the environmental impact statement (EIS) processes
for those two proposals.'

Had you or your clients registered their interest in the AET
when first informed of it, ARPA, MIFS and Scripps could. have
responded. However, we. cannot be held accountable for your delay
in expressing a wish to participate until the eve* of the
experiment.

Request for a 30 Day Delay to Permit Comment on the FONSI

Your letter also requests a delay in the AET to accommodate
a 3D-day comment period on the EA and FONS1, claiming that NP
guideline 1501.4(e)(2) triggers a comment period obligation.
Your conclusion is incorrect. This short term test of a sound
source in •he ocean, at sound intensities comparable to
commercial ships, at a location where marine mammals are
•relatively sparse, and given the operational protocols described
in the EA, is not one (or similar to one) that would normally
require the preparation of an environmental impact statement, nor
is the activity without precedent, given these factors. Acoustic
Soceanography is an established and relatively common activity and
'the 260 watt source power levels to be utilized for the AET are
not unprecedented and in fact are much lower than those used by
several other experiments. This is not "an unusual case, a new
kind of action, or a precedent setting case." Merely advancing
knowlOedge in an area of. scientific inquiry is not the type of
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* .4ovel.t * that triggers a 30-day review period.,

Given the negligible level of impacts presented and the-
relitively minor, and short term nature of the ART, there is no
posTibility of exceeding either threshold -for preparation of an
EIS -- this is not a major federal action and it will not
signiificantly affect the environment.

If, however, you -have additional substantive comments on the
Fk Or the AET, Scripps (and I presume ARPA and/or NMFS) would .
appreciate receiving them promptly so that they may be
considered.

Request to Delay AZT Until Preparation of a Programm•atic EIS

You have also requested that the ART be delayed pending
preparation of a programmatic EIS on what you characterize as the
"overall ATOC program. " This request is based on an incorrect
description of the ATOC project and misapplication of'the NEPA
guidelines.

The fundamental issue, which you simply assume in your
letter to be true, is whether the AZT and other ATOC activities
are 'connected actions" as defined under the NEPA guidelines.
Actions are connected if they:

(i) Automatically trigger other actions which may require
environmental impact statements._

(ii) Cannoz or will noftproceed unless other actions are*
taken previously or simultaneously.

('iii) Axe interdependent parts of a larger action and
depend on the larger action for their justification.

40 C.F.R. S 1508.25. Your letter cites only subsection (iii) and
therefore' (correctly) implies that subsections (i) and (ii) are
inaplplicable. In interpreting subsection (iii), the courts have
app]ied an "independent utility" standard, requiring that: "The
dependency is such that it would be irrational, or at least
unwise, to undertake, the first phase if subsequent phases were
not -also undertaken. " Blue Ocean Preservation Society y.
Watkins, 754 ?.Supp. 1450, 1458 (D.aW. 1991). Under this
decision, independent utility means utility "such that the agency
might reasonably consider constructing *only the [facility] in
.ques.tion.° Id. at .1459.

The AET will provide useful information about a number of
ques~tions pertinent to acoustic oceanography in general and
acou.stic thermometry in particular. The oceans are largely
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transparent to sound and opaque t6 electromagnetic radiation.
Any * ote zenzing of the ocean interior must therefore depend on
sound transmissions through it," whether the goals are to study
the behavior of marine mammal populations,. to measure large-scale
oceaA temperature variability, in order to study geophysical
processes occurring at mid-ocean spreading centers -and undersea
volcanos, to monitor for violations of the nuclear test ban
treaty, or to remotely sense any of a number of other processes
in the ocean or on the seafloor.

Proper interpretation of acoustic measurements, whether
active or passive, requires a full understanding of acoustic
propagation at the range of interest. While extensive basic
research on acoustic propagation has been done out to ranges on
the order of 1000 kilometers, much less fundamental research has
been done on propagation ai the longer ranges of importance to
remote sensing of global scale processes.

In particular, little is known about the effects of ocean
internal waves, eddies, and other oceanographic features on
long'-range acoustic transmissions. gbe AXT is a basic research
activity to Q4,ro the_dA_ needed to .study these issuese With

spect to acoustic thermometry in particular, the AET will begin
(to provide the basic data needed to *evaluate the minimum source
levels and duty cycles necessary, as well as to test the Alliant

: source technology at full operating depth. All of these goals,
havei independent utility and would ben appr.qpI tatnr •i• the absence of any other'AT0Ciroposals, including but not
I imIef 1 "%Zr e.O-Pposed Kauai and California cabled -
installations. Far from committing the ATOC project to cabled
sources in Kauai and/or California, if anything the AET is
evaluating several questions regarding acoustic thermometry
through . i•) means, and is developing information about the
acoustic properties of a remote site that will be useful in
considering alternatives to near-shore installations.

Your conclusion that the AET will have impacts that cumulate
withi the proposed Kauai and California cabled sources also is
unsupported and incorrect. * First, as demonstrated by the EA, the
AET will have negligible impacts and it is not a material
cumulative source of noise at the proposed test site. Second,
since the Kauai and California sources are not yet in operation,
and there is no present plan for future AETs when those sources
becope operational, there are no direct cumulative impacts.
Moreover, given the large distances between Jasper Seamount
offshore Baja California and Sur Ridge, California or Kaual,
Hawaii, AET sounds will be well below background at that range.
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* Nee for Permits Under the 2A7 and/or ESA

SYour letter also states that the AET "is courting violations
of 1ihe MMPA and ESA." You argue that the AET will "obviously
hardas" marine mammals including sperm whales. Yet, as you know,
NUFý, as the federal agency primarily. responsible for overseeing.
the •MWA and ESA programs as applied to marine mma=nas, has come
"to the opposite conclusion. NXFS" conclusion is entitled to
deference.

Your letter fails to address the appropriate legal standard,
and inakes incorrect and unsupported assumptions about the facts.

. The ESA definition of harass is: an intentional or
neg4igent act or omission which creates the likelihood of injury
to w.ildlife by annoying it to such an extent as to significantly
disru pt normal behavioral patterns which include . . . breeding,
feedling, or sheltering., 50 C.F.R. 5 17.3. There is no
possLibility that. the AET activities will even approach this
standard.

* In considering what constitutes harassment under the MMPA,
the Ninth Circuit recently ruled that such harassment must entail

. a le'vel of intrusiveness similar to killing, capturing or
hunt-ý.ng. United States v. Havashi, 22 F.3d 859 (9th Cir. 1994)
(shoiting toward but not hitting porpoises eating fish- off of
lines not harassment under the MZA). The court found this
interpretation" analogous to the ESA regulatory definition, which
also! requires significant disruption of normal behavioral
patt'erns.

:The 120 dB sound field criterion applied in the EA is an
extremely conservative measure of the applicable standards,
particularly as applied to the location of the AET. 120 d1B is
the .Level found to result in a statistically measurable change in
swin'l direction in a few mysticete species; by itself, a simple
change in swim direction would not likely be found to constitute
harassment under the IWPA or ESA. Moreover, the AET test area is
not a migration, nursing, breeding, feeding, sheltering or
similarly significant area from the standpoint of any of the
animhls that might be present.

Finally, proof of a taking also must be actual and concrete,
and #ot based upon statistical speculation that a taking might
occur, such as you suggest. National Wildlife Federation v.
Burl ngton Northern Railroad, 23 F.3d 1509 (9th Cir. 1994)(the
statistical chance that trains will strike and kill grizzly bears
does not support an enforcement action asserting unpermitted
taking during routine railroad operations). Your arguments fail
to address this limitation.
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While your factual awguments are not entirely clear, you
seem to urge that there will be suffidient populations of marine
mamdals in the .vicianity of Jasper Seamount such that a "taking"
by 1harassmentA would be-unavoidable, and that the mitigation
measures would fail *to detect maina mammals in the area.
Nei .her of these arguments is supported by any factual
information, nor.is either argument correct."

The only ainimaIs that could be affected by the AET are those
with good low frequency hearing. There is no substantial
evidence that sperm whales have' good low frequency hearing,
contirary to your suggestion. Sperm whales do not vocalize in lowg
frequency registers comparable to the AET source -- one measure
of .potential low frequency hearing. Sperm whales also have
hearing structures closely resembling other odontocetes; among
the 'odontocetes for which audiograms are availgble, none have
good low frequeney hearing. No od6ntocete, including sperm
whales; has shown a detectable change in behavlor at these
frequencies alt even the 120 dB levels applied,: conservatively, to
all .species in the EA. Instead, the 120 dB fabtor is derived
from studies on certain mysticete whales and, as mentioned above,
itsdlf is quite conservative. However, densities of mysticete
whales in the area are' extremely low.

Scripps will not transmit AET sounds if any marine mammal is
detected -within. 10/15 ka from the site, depending upon the
specific source site, either by visual, or acoustic means. 3 In
addition, if changes- in acousti'c behavior .of ahimals coincident
with AZT sbund transmissions are detected at ally: distance,
operations will be suspended. Contrary to your suggestion, the
fac-t- that marine mammals may not vocalize all of the time will
not 'significantly diminish the effectiveness of the acoustic
mon•toring system. Vocalizing marine mammals can be tracked over
coneiderable distances, with a commonly cited .example being a
blue whale in the North Atlantic that -was tracked over a period
of 41. consecutive days. Animals will be visually* tracked, or
acoustically ranged, to avoid missing a quiet hnimmJl entering the
exclusion zone.

: "The fact that Scripps will avoid transmitting when any
• marine mammals are detected in the area is conservative and not a.

requirement. Only marine mammals that could be "harassed" by
these sounds need be avoided, and then only within the zone where

* harassment would occur. It is not coincidental that acoustic
* moni'toring is very effective for the same animals (the mystlcete
* whales) that commonly use low frequency sounds-.

? The 2 km3 reference at page vi of the draft EA is incorrect.

I'
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* You should note that, by extension, most vessel movements
(which create 120 dS sound fields overlapping.with potential
marine mammal populations) would also be illegal under your
inte•rpretation of the WMPA and ESA. Similarly, under +your
interpretation, acoustic disturbance of other endangered species
(such as a grizzly bear turning to observe a passing train,
aut6mobile or hiker), would also violate the law. There is no
indication that Congress intended such a sens.tive application of
these statutes, bordering on the metaphysical; as confirmed by
the; Ninth Circuit' s- opinion in Burlington Northern cited above.
Moreover, the Ninth Circuit's decision in Palila v. Hawaii Dept.
of Land & Natural. Resources, 852 F.2d 1106 (9th Cir. 1988) found
..'harm" under the ESA only where habitat degradation "could result
in extinction." 0Id. at 1110-LI. The Ninth Circuit specifically
declined "to reach the issue of whether harm includes habitat
degradation that merely retards recovery." Id. at 1110, cited in
Burlincrton Northern, suura, 23 F.3d at 1513. :Here, the AET has
no chance of doing either. Moreover, as you know, even the
Pali!a case represents just one side of a split between circuits,

, witý other cases declining to find a .taking as a result of
habi.tat impacts.

Both Scripps and ARPA recognize -that NFS"' Otober 21 letter
is iot an-.pproval, and it remains Scripps' r~sponsibility to
avoid any unpermitted takings of marine mammals. NlFS'
interpretation of the threshold of activities 'constituting a
taking, however, will serve to guide Scripps' 'activities on the
AET. The AET will also be monitored by one observer recommended
by N2FS and one observer recommended by Cornel-l University-

I hope that this information is *useful in addressing the
conderns that you have expressed. In the. future,. please provide
me with. a copy of any correspondence to any University of
California representatives (including Dr. Muun), and direct any
legal communications regarding this matter to Mary Hudson (at the
same address and number),.to Steve Drown, University of
Callfornia, Office of General Counsel, 300 Lakeside Drive, 7th
Floor, Oakland, CA 94612 ((510) 9 8 7 - 9 8 00)r and- to me.

Sincerely,

Alan Waltner

cC: Steve Drown
Xaxy Hudson

TLARPA

TOTAL P. 10
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November 7,1994

Mr. Raymond L. Chuan
Kauai Friend; of the Environment
11,0. Box 1283
Hanalei, M 96714

Dear Mr. Chuan:

. This letter responds to your November 4, 1994 letter regarding the Boja
acoustic engineering test (AET) and Kauai playback experiments. Thn AET Is
scheduled to begin this week, and the playback experiments will take place this
winter, when sufficient numbers of humpback whales have returned to
Hawaiian waters for the study to proceed.

We have attempted to keep interested parties informed of these activities. The
AET was first axmounced to concerned environmentalist, including
representatives of the Sierra Club Legal Defense Fund, at a meeting in SAn
Prancisco soon after it was proposed in July, 1904. The only response to that
announcement, to our knowledge, was a letter from the Heller, Ehrman law firm
in San Francisco to the National Marine Fisheries Service 0MIS) requesting
review of whether a permit would be required under the Marine MammaL
Protection Act (MMPA) or Endangered Species Act (BSA) for the A&T. In the
meAntime, the Advanced Research Projects Agency (ARFA) began preparation of
an Envfronrmental Assessment (BA), and requested confirmation from NMM In a
September 8 letter of their conclusion that no "taking" of marine mammals would
ocCur during the AET. On October 21, NMPS provided a response, conditioning
Its t.onflrmation on several measures, including the termination of sound
transmissions when an animal is detected within the zone of modified behavior
(10-15 kin, depending upon the site), rather thin the 2 km zone that we
previously had proposed, To our knowledge, no requests were received that
ARPA or NNW$ prepare an EA, or for an opportur-ty to tomment on it.
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Since the AET will be undertaken in such a way that no "taking" of marine
mammals will occur, no permits are required, Because of this, we recognized
that there would be no formal processes to provide a basis for community input
For that reason, we circulated a project update on October 24, which you
apparently have since received, to provide more detailed information on this
activity. We provided the update promptly after receipt of NMS' October 21
letter.

The playback experiments originally were suggested by the ATOC Marine
Mammal Advisory Board, an independent group of scientists and other
interested individuals. Drs. Tyack and Whitehead were among the concerned
scientists that pressed for playback experiments. We did not anticipate a
significant level of community concern given the fact that the playback
experiments were essentially an environmentalist proposal. In addition, the
playback experiments received extensive discussion among all of the members of
the Advisory Board. The playback experdments are not scheduled to begin
immediately, so there is ample time for any input that you would like to provide.
You should realize, however, that the playback experiments are the initiative of
the Advisory Board, and we would be very reluctant to make. any changes to
those experiments that are not agreed to by the Advisory Board. We therefore
"I•t•get that you forward any critcisms of the playback experiments both to us,
and, through Dr. Tyaek or other contacts, to the members of the Advisory Board.

At to your request for an opportunity to comment on the EA, while this is
ARNAs principal responsibility, our counsel I•nforms us that 30 days advance
public notice of MAU is only required by the Natlonal rnvlronmental Policy Act
under certain limited circumstances, none of which apply here. This short term
test of a sound source in tho ocean, at sound intensities comparable to
commercial ships, at a location where marine mammals are relatively sparse, and
given the operational protocols described in the EA, is not one (or similar to one)
that would normally require the preparation of an environmental impact
statement, nor is the ý ',,vity without precedent given these factors. If, however,
you have substantive comments on the EA or the AET, we would appreciate
receiving them promptly so that thay may be considered.

Concerning your second point, we understand that the EA was in preparation
by A.RPA well before ý'W' October 21 letter, but that ARPA was awaiting the
information contained in NMYS' letter before finalizing the EA. We are informed
that the EA was signed on November 4.
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On your third point - the source termlnatlon distance for the ART - our
October 24 update Is now obsolete and the 10/15 kam buffer zones requested by
N10S will be complied with. The source operation also will be terminated when
animals are acourtlcally/visually detected within the 10/15 kim zones. We
recogpize that NMIS' October 21 letter is not an approval, and it remains our
responsibility to avoid any unpermitted tftldn'gp of marine mammals. NM.FS'
interpretation of the threshold of activities constituting a taking, however, will
serve to guide our activities on the AET, The AET will also be moratored by
observers selected by NMWS.

On your fourth point, we are re-reviewing the applicability of Permit No. 813
to these activities in response to your request. If it does not apply, we will not
rely onit.

Concerning your final point, both the playback experiments and AET will
help support various facets of the environmental review process including the
California ES. Those activities also have independent utility, since the AUT will
provide technical information about the ATOC concept in general and the
playback experiments should generate useful information about marine mammal
responses to low frequency noise, The AET will, among other thlings, evaluate
the source levels and duty cycles necessary to support ATOC activIties. The
playback experiments proposed for Xaual are similar to previous studies
elsewhere, and will help Oulde development of the Xaual UMUP, However, it is
not expected that either of these activities will provide significant new
information that would justify delayed issuance of the draft S9; ..any such
information willbe addressed In the approftiate manner. In addition it is likely
that the AZT results will be known before the XauaI draft MS Is completed, and
possibly the Califoxyda draft EIS as well.

I hope that this information Is useful in addressing the concers that you have
expressed. I would also request that our efforts at keeping the public informed
be judged in light of the number and diversity of individuals and organizations
that have expresed an Interest in our project

Sincerely,

to: SCLDP
,aP. Patsy T. Mink

DT. Ralph Alew'ine Walter Munk
Dr. WSilliam Fox

I 'V.
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Mr DLNR
PO Box 621
Monolulu 9oeQI(-

Daar Xr. Schaertsr Mov Ar 7, 1204

X am writing to as) that OLNR rafusa to qrant cosz atioz
Distrioc Usl Application #KA-2734, and to ptapoas th t th4
1ZS for the ATOC Proj3ot should be .lobal in ooa inca it
xay ultinmately thrsatin lifa -not Jut "marine" Jf. but
possibly human life, as Wll-U in k1l thS World's 06 .no,

I am partioularly conocared about the possible tao of tha
ATOC Prolact on Hawaii's Zjupbaok whales, whiCh ro Uppo~ad
to be protactAd by law, as I indioatad in my tas imo y to
the National Karint rishariua fiervica (at copy ot which X
have enclosed, &nd ask to ba put an reacord).

It-bOther; ne geatly that COUA 1,A-2134 do•&- n n lUdi
tha raquirad )4anagesant ,lah for tho Xoxitno Xa=im I As zearob
Projact, Which is ths hix• of thei application, trt oularly
since sorippsis± honeist anouh to~ tit that "thi PO*O66
cabla ... was pr amturly la=d in Oatobor 1993,. w let
that happen? What has happoned to th.z? And mine s. ippe
admits that they jumped the ,un, why have they n, t ben
found in violation of the law and f/nad?

Basically, I am a&king that DLUR do its job and rotct at. r
environment, Please deny the Conharvation Distri t Ua
A plioation. ?IPva& anlorqo the law, and rxoeco a s o andors
ý?O break the law. Plsas& ask aor a 313 that is lob& i
loope, and that includes possible affa cts on hU*4 na.
Thank you very muct for yo)ur tins and attention,

Matam* n

=lAudStJf
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BAM' 'fHE HUMANS9

Canter for WorId Peace, Waialua, molokal 96740 Phi 55-S93

Ain: Tearbush
Chiet, Permits Division
Office of Protected Resaources
National Marine Pisharies 8ervica
1315 zast-Wast HiqhVwy
Silver Spring, M 20010

Dear DOr, Tarbuh: A il 4, 1994

1 an writing to =q& you, in the strongest poa bla trms,
to deny scientific research permita Nam. P557 aZ P57A,
on the grounds that they could concaivably t2irs, tan the

thtihion of tha HuMpback whalrM of Rawaii.

AS the Hawaiian lalandA Humpback Whal* National Harin#
Sanctuary points oUto A.r-4uad to approximately l.Oq0
aniUals trom the pre'whalinq numbers of about I0 OO, tha
North PaIcfic humpbaok populations have been as imated
roeently at ýqtvaan 1,500 to 3,000 ani.alo. Th; hum;hacik
vhala Will not be consid4red by HOAAI National Xarine
5ervic. (N)FS) recovered under the Endangered S oi2 Act of
1973, as ananded (23A), until it rtadhes 60 per ont Jo the

rewhiingpopulation (ibe., 91000 animalm)" - C iao as~ion
aper for the Development or a Draft fnvironfxns al Tpaot

Statsmant and Sanctuary Management Plan, nonolu u:
Dapartmant or Commarce National 0oeanic and A6 os oriu
Administration and Offiae of the Governor, Off L a o4 State
Plannini, 1994, p. 15)

Th9 humpbaok are an endAngorad apaoles, who atr acted
by law reflecting the will of the people, and 4T L thea job
of the Ofrict of Protaeo•ted Raouxros *azong oth r adnciaa-
to protect them. please do to.

Zt is alSo the Job of the Hawaiian Islands HumpxAk Ih*l
National Marina Sanctuary (whose Advisory Board'X h asking
to Join). As thay point out, "the Oceans Act or 1992 (The
Act) Bimultansously desiqnat•d the Sanctuary anc
r4authacriz.d and ananded Title III of the XPRBAA kccoding
to the Act, the purposes of the Sanctuary are:

(1) to proteot humpback whales and their habit t In the
araa described...

(2) to educate and intorprat :or ltht public tta r lation-
Xhip 0o humpbao vhales to t•he Hawaiian Is as Zarina
4nVironinntj

(3) to nanAgg auch human Usas ot the Sanctuary consiatent



this subtitle and Title III of th. NPRBA as am& dQd by
this Act... (Dlmoluaion Papar, p. 4)

The Hum backm, habitat in the area doscribed inc udet the
waters off Kilauea National Wildlife Refuge on a inland of
Kauai, and the 1903 Aerial Burvjy they oita, don by .obley,
*t. aIo., shows that many pods winter In those wa 41r (DIA-
ounsion Paper, Appendix 1). Now, as I read p. 4b of ATOC'I
Marine Xanmal Research Program's applicAtion, al. of hosa
protaar4 waters off Kauai apparontly Will be v thi the
projected Zons of Influence, i.e., area of adAit &d
"AcOustic Harausont." S0? As I read Table 1 of he aplpi-
catidnr Dr. Clark and his collaaqiea estimate th t i the
two yaars of the parmit, they vill .takao apporx •aýy
1,700 humpback whalas (p. 61). I comt.and their ft but
I wish they had romindi the readt-r that this is the
Hump-back population of the xt:th Pa~cficI

50 what, you may? Wall, according to :he AXTOC ap licAtion,
"the most probable detactable •.`•acts on freQ-ra ±lQn varine
ma-mIas an a result of the scheduled ATOC tra!nz aaeona oft
Kauai are disturbanoe-induced changes inl 1) dis ibUti:on
and rslativa abundance around the sourcA, 2) boh vior l and
social activity patterns, and 3) sound productlo ..1

All at this is Illegal and -1 will arg'u .- immor#: , bu: what
appears to moot directly threaten the .xtinction o L
huxpbackc is the prohable effact on sound produc on. As t..,
HaWaiian Xulande Humpback Whale National Xarine notary
points outt "Xul* hunmpbAok ar: the vin'era. Tne r lo g and
oomplex sounds called songs are uned to 'adve*rt their
Virility and attract recaptive females for breedg
purpox4s." (Dtscussiodn Paper, p. 16)

Dr. Walter H~unk of the ATOC t•-m has publ2Oly 0c lal.ied of
poor and inaccurate rspcrting by the press, part la ly the
Lne haleg "Iihes. so I took the opp=rtunity int olnlu on
April Sth to ask his colleague Dr. cavid Hyde, t Pr:jeot
Director, if he was quoted correctly on p. A30 o the a
Anceles _Tizm of March 26th, as follovus "we're t o0 t to
harm a single animal and wa will stcp the projec if thero
is AnY evidence of that..," 11 E aid, "yes, tht co'raot,"
I than asked him what he meant by "M.&rml9 and "112 .1 wau
not salisfiad by his answer then, i-d I &m even sag
satisliod after -rinally- g't-tirq a chance to ro the
AMOC application.

Dr. Xyde never really said ..ht he =eant by "harr an now I
have read that the "probabla detact-bla affects" 'ncl de
reduction in "sound ;roduotion,', wi.th its implics ion for
the future ol the speoies. Xnd he s&id what "itto ' nent
wan "stopping thm sound projsction" of the ATOC unear ater
speakar. That is not enough.
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We should stop the Xound projOcton of tha ATOC Lida "watar
5pQaksr bators it starts, unlaes there are irowi- lad
guarantees (Ue kind that don't exiJt in the wo d 0
science) ='at not a mingle hu~pback vill bq ha d a all.
Is Dr. Clark and hli oollagueg adit on p. 23 th ATOC
application, "nothing is known about tenporary if in
hearing ot marina manals."

We, the paople of Hawaii and tha People o. thh. ite
States, should use the Hawaiian Islands upbaok
Whale National marine Sanctuary and tha Parxits ivi ion of
ths Offioa at Protected Raoourcaz to repay our n ral debt
to the apecies we dciomated by protactinq them.

That is What the law requirtz. More import~ntly, tha I the
right thing to do.

Kala mai. Forgive me, if I havy of ended you. BU th a
mana'o i share is what my beart tell* a&a

'lohaI and malam Par o

Claud Sutclifta Ph1l:
Conter for Woria Pac
Waialua, Molokal Ha •Li

,I
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FEDERAL

U.S. Department of Interior, Fish and Wildlife Service

U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, Office of Policy & Strategic Planning
William Archambault
Donna Wreting

U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, National Marine Fisheries Service
William W. Fox, Director
Ann Terbush
Jeannie Drevenak
Gary Barone
Marty Freeman
Ken Hollingshead
Pamela Plotkin
Kevin Collins

U.S. Department of Commerce, National Oceanic and Atmospheric'
Administration, Scientific Research Department
Charlie Wahle
Helen Golde

U.S. Army Corps of Engineers, Honolulu District
Michael Lee, Chief Operations Dir.
Terrell Kelly

U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, National Marine Fisheries Service, National Marine Mammal
Laboratory
Doug DeMaster

Defense Nuclear Agency, Environmental Enforcement Office
Harry Stumpf

U.S. Department of the Navy, Space and Naval Warfare Systems Command
Dennis Colon

U.S. Department of Interior, Fish & Wildlife Service, Johnston Atoll
Chris Depkin
Roger Dirosa

Environmental Protection Agency, Region IX
Kathleen Johnson, Director
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Marine Mammal Commission
John Twiss
Robert Hofman

STATE

Department of Business, Economic Development and Tourism
Ocean Resources Branch
Craig MacDonald

Department of Land and Natural Resources, State Historic Preservation Division
Don Hibbard

Department of Land and Natural Resources, Office of Conservation
and Environmental Affairs
Roger Evans

Department of Land and Natural Resources, Division of Aquatic Resources
Paul Kawamoto

Department of Health, Clean Water Branch
Dennis L. Lau

Department of Land and Natural Resources, Division of Land Management
Sam Lee

Hawaii Department of the Attorney General
Lawrence K. Lau, Deputy Attorney General

Department of Health, Engineering Section
Edward Chen, Chief

Department of Transportation
Rex Johnson

Hawaii Office of Environmental Quality Control
Betty Wood

Pacific Missile Range Facility Barking Sands
P. McClaran

CITY AND COUNTY OF HONOLULU

U.S. Army Corp of Engineers
Mike Lee
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Department of Transportation Services
Office of State Planning, Hawaii Coastal Zone Management, Honolulu Office
Douglas S.Y. Tom, Chief

Department of Commerce, National Marine Fisheries Service
Honolulu Office
John Naughton
Gene Nitta

ORGANIZATIONS

Center for Marine Conservation
Holly Price

Center for Monitoring Research
Tony Clark

Cornell University, Bioacoustic Research Program
David Mellinger
Russel Charif,
Connie Gordon

EBASCO Environmental, Inc.
Grotefendt
Rich
Mar Smultea

Environmental Defense Fund
Rod Fujita

Friends of the Sea Otter
Ellen Faurot-Daniels

Hawaii Audubon Society

Hawaii Institute of Marine Biology
Paul E. Nachtigall
Whitlow Au

Hawaiian Islands Humpback Whale National Marine Sanctuary
Janet Sessing

Center for World Peace
Claude Sutcliffe
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Heller, Ehrman, White and McAuliffe

Hubbs Sea World Research Institute
Ann Bowles
Scott Eckert

Kauai Friends of the Environment
Beau Blair
Raymond Chuan

Kauai National Wildlife Refuge
Kathleen Viernes
Richard Voss

LGL, LTD., Ontario
JW. John Richardson

Loyola University, Psychology Department
Richard R. Fay

University of Florida, Communication Sciences Laboratory
Harry Hollien

Marine Acoustics, Inc., Newport, RI
William T. Ellison

Marine Acoustics Inc., Arlington, VA
Lee Shores

Moss Landing Marine Laboratories
James Duffy
Greg Calliet
Gary Green

Natural Resources Defense Council
Ann Nothoff
Joel Reynolds

Research Planning, Inc.
Al Cheaure

Save Our Shores, Santa Cruz, California
Vicki Nichols

Science Applications International Corporation, San Diego, CA
David W. Hyde
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Science Applications International Corporation, McLean, VA
Peter Mikhalevsky
Ruth Keenan

International Fund for Animal Welfare
Jonathan Gordon

Sierra Club Legal Defense Fund, Hawaii
Paul Achitoff
Mark Smaalders
Denise Antolini
Annie Szvetecz

Sierra Club Legal Defense Fund, California
Michael Sherwood
Torry Estrada
Elizabeth Carpino

Earth Island Institute
Nicole Walthall

Texas A&M University, Marine Mammal Research Program
Bernd Wursig
David Weller

University -f California, San Diego
-Campus Planning Dept.

Marilyn Cox
Patricia Aguilar

University of Hawaii, Environmental Center
Jackie Miller

University of Hawaii, Dept. of Psychology
Alison Craig

University of Hawaii, Div. of Social Sciences
Joseph Mobley

University of Hawaii
Rick Grigg

University of Washington, Applied Physics Laboratory
Robert Spindell
Bruce Howe
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University of Washington, Department of Statistics
Judy Zeh

Western Illinois University, Biology Department
Jeannette A. Thomas

Woods Hole Oceanographic Institution
Peter L. Tyack

INDIVIDUALS

Janet Doherty, Marine Mammal Biologist
Lexington, MA

Christine Gabriele, Marine Mammal Biologist
Gustavus, AK

Mia Grifalconi, Marine Mammal Biologist
Anchorage, AK

Mathew Irinaga, Marine Mammal Biologist
Anchorage, AK

Gene Kent, Marine Mammal Biologist
Santa Cruz, CA

Thomas Kieckhefer, Marine Mammal Biologist
Salinas, CA

Keoni McFadden
Kaneohe, HI

Thomas Norris, Marine Mammal Biologist
Moss Landing, CA

Katherine Payne, Marine Biologist
Ithaca, NY

Sylvia Earle, Marine Biologist
Oakland, CA

Linda S. Weilgart, Marine Mammal Biologist
Halifax, Nova Scotia, Canada

Hal Whitehead, Marine Mammal Biologist
Halifax, Nova Scotia, Canada
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