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EXECUTIVE SUMMARY

Introduction

This document serves to meet reporting requirements specified in an Incidental Harassment
Authorization (IHA) issued to Lamont-Doherty Earth Observatory (L-DEQO) of Columbia University by
the National Marine Fisheries Service (NMFS) on 16 July 2010. The IHA (Appendix A) authorized non-
lethal takes of certain marine mammals incidental to a marine seismic survey by the R/V Marcus G.
Langseth at the Shatsky Rise in the Northwest Pacific Ocean, July—September 2010. Behavioral
disturbance to marine mammals is considered to be “take by harassment” under the provisions of the U.S.
Marine Mammal Protection Act (MMPA). NMFS considers that marine mammals exposed to airgun
sounds with received levels >160 dB re 1 uPa,,s might be sufficiently disturbed to be “taken by harass-
ment”. “Taking” would also occur if marine mammals close to the seismic activity experienced a
temporary or permanent reduction in their hearing sensitivity, or reacted behaviorally to the airgun sounds
in a biologically significant manner.

It has not been confirmed whether, under realistic field conditions, seismic exploration sounds are
strong enough to cause temporary or permanent hearing impairment in any marine mammals that occur
close to the seismic source. Nonetheless, NMFS requires measures to minimize the possibility of any
injurious effects (auditory or otherwise), and to document the extent and nature of any disturbance effects.
In particular, NMFS requires that seismic programs conducted under IHAs include provisions to monitor
for marine mammals and turtles, and to power down the airgun array to a single operating airgun or shut
down all airguns when mammals or turtles are detected within designated safety radii.

Seismic Program Described

L-DEO conducted a seismic survey at the Shatsky Rise in the Northwest Pacific Ocean. The
seismic survey took place in international waters deeper than 1000 m. The main purpose of the study was
to decipher the crustal structure of the Shatsky Rise. The study area was located between 30-36°N and
between 154-161°E. The Shatsky Rise cruise took place from 17 July to 13 September 2010.

During the Shatsky Rise survey, a 36-airgun array with a total discharge volume of 6600 in® was
towed behind the Langseth at a depth of 9-12 m. The acoustic receiving system consisted of one 6-km
streamer containing hydrophones, which was towed behind the Langseth, and/or Ocean Bottom Seis-
mometers (OBSs) deployed from the Langseth. A 12-kHz multibeam bathymetric echosounder (MBES)
and a lower energy 3.5 kHz sub-bottom profiler (SBP) were also operated from the Langseth throughout
most of the study. As part of the marine mammal monitoring effort, passive acoustic monitoring (PAM)
for vocalizing cetaceans also took place from the Langseth through the use of a towed hydrophone array.

Monitoring and Mitigation Description and Methods

Trained marine mammal observers (MMOs) were aboard the Langseth during the period of
operations for visual and acoustic monitoring. The primary purposes of the monitoring and mitigation
effort were the following: (A) Document the occurrence, numbers and behaviors of marine mammals and
sea turtles near the seismic source. (B) Implement a power down or shut down of the airguns when
marine mammals or turtles were sighted near or within the designated safety radii. (C) Monitor for
marine mammals and sea turtles before and during ramp-up periods.

At least one MMO watched for marine mammals and sea turtles at all times while airguns operated
during daylight periods including ramp ups and whenever the vessel was underway in daytime but the
airguns were not firing. The visual MMOs used 7x50 binoculars, 25x150 Big-eye binoculars, and/or the
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naked eye to scan the surface of the water around the vessel for marine mammals and sea turtles. The
distance from the observer to the sighting was estimated using reticles in the binoculars. When a marine
mammal or turtle was detected within or approaching the safety radius, the MMO called for a power
down or shut down of the airguns.

MMOs also conducted PAM during daytime and nighttime seismic operations. The primary
purpose of the acoustic monitoring was to aid visual observers by detecting vocalizing cetaceans. The
acoustic MMO listened with headphones to sounds received from the hydrophones and simultaneously
monitored a real-time spectrogram display.

Primary mitigation procedures, as required by the IHA, included the following: (A) Ramp ups
consisting of a gradual increase in the volume of the operating airguns, whenever the airguns were started
after periods without airgun operations or after prolonged operations with one airgun. (B) Immediate
power downs or shut downs of the airguns whenever marine mammals or sea turtles were detected within
or about to enter the then-applicable safety radius. The safety radii for cetaceans and sea turtles during
the survey were based on the distances within which the received levels of airgun sounds were expected
to diminish to 180 dB re 1 pPa,ns, averaged over the pulse duration with no frequency weighting.

Monitoring Results

The Langseth traveled a total of 21,292 km (1371 h) during the Shatsky Rise cruise; 7300 km (655
h) occurred within the Shatsky Rise study area, 8333 km (425 h) occurred in transit to and from Hawaii,
and 5659 km (291 h) took place during transit to and from Japan (Table ES.1). A total of 3297 km of
seismic operations and a total of 4003 km of non-seismic operations took place within the seismic survey
area (Table ES.1). Overall, 718 h of visual observations took place during the Shatsky Rise cruise, of
which 357 h occurred within the study area (Table ES.1). MMOs were on visual watch during all
daylight seismic operations, including ramp ups. All visual effort occurred during daylight periods; there
were no nighttime ramp ups. In addition, ~383 h of PAM occurred during seismic periods, and ~2 took
place during non-seismic periods; no acoustic detections of cetaceans were made (Table ES.1).

Mitigation decisions were based on all marine mammal and sea turtle sightings, but analyses of
marine mammal data focused on sightings and survey effort in the study area during “useable” survey
conditions. “Useable” conditions represented ~80% of the total visual effort in km in the study area
(Table ES.1). “Useable” effort excluded periods 90 s to 6 h after airguns were turned off (referred to as
post-seismic), poor visibility (<3.5 km) conditions, and periods with Beaufort Wind Force >5. Also
excluded from the “useable” category were periods when the Langseth’s speed was <3.7 km/h (2 kt) or
with >60° of severe glare between 90° left and right of the bow, and sightings of cryptic species in BF>2
(e.g., minke whale).

During the Shatsky Rise cruise, 27 cetacean sightings totaling 781 individuals were made; the
sperm whale was the most frequently encountered species (nine groups). Within the study area, 5
cetacean sightings of 13 individuals were made; 4 groups (totaling 10 individuals) were considered
“useable” (Table ES.1). Sightings within the study area included 3 groups of sperm whales, one group of
unidentified dolphins, and one unidentified whale. Other species identified during the Shatsky Rise
cruise included the minke whale, false killer whale, short-finned pilot whale, pantropical spotted dolphin,
and Risso’s dolphin. Four unidentified sea turtles were also sighted during the cruise, two of which were
seen within the study area. One power down for cetaceans and no power downs or shut downs for sea
turtles were implemented during the Shatsky Rise survey; (Table ES.1).
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TABLE ES.1. Summary of Langseth operations, visual and passive acoustic monitoring (PAM) effort, and
marine mammal and sea turtle sightings during the Shatsky Rise seismic survey, 17 July to 13 September

2010.

Shatsky Rise Study Area

Non-seismic Seismic
Post-Seismic”
Other Transits  Tranits
Recently Potentially Non- Mon- Total  to/from toffrom Overall
Useable® Exposed Exposed Useable Useable® Useable Useable® Hawaii Japan Total
Operations effort in h
Langseth Darkness 0 0.3 0 96.8 o 173.5 ] 170.1 102.1 542.7
Langseth Daylight 96.8 7.6 16.0 55.1 187.2 21.9 284.0 254.5 188.9 828.0
Langseth Total 96.8 7.9 16.0 151.9 187.2 195.4 284.0 424.7 291.0 1370.7
Observer Darkness 0 0 0 0 0 0 0 0 0 0
Observer Daylight 96.8 2.4 8.0 37.3 187.2 21.9 284.0 217.2 143.8 717.6
Observer Total 96.8 2.4 8.0 37.3 187.2 21.9 284.0 217.2 143.8 717.6
PAM Total® 1.8 3826 0 0 384.4
Operations effort in km
Langseth Darkness 0 1.6 0 1433.6 o 1484.4 ] 3345.7 2018.3 8283.5
Langseth Daylight 1716.6 52.4 205.9 593.3 1624.2 188.5 3340.8 4986.8 3640.5  13008.1
Langseth Total 1716.6 54.0 205.9 2026.9 1624.2 1672.8 3340.8 8332.5 5658.7 21291.6
Observer Darkness 0 0 0 0 0 0 0 0 0 0
Observer Daylight 1716.6 36.0 88.1 299.8 1624.2 188.5 3340.8 4250.7 2858.6 11062.5
Observer Total 1716.6 36.0 88.1 299.8 1624.2 188.5 3340.8 4250.7 2858.6 11062.5
Mo. Cetacean Sightings 3 0 0 1 1 0 4 3 19 27
Mo. Cetacean Acoustic 0 0 M/A N/A 0
Mo. Turtle Sightings 2 0 0 0 0 0 0 0 2 4
Mo. Power/Shut Downs 1/0

MiA means not applicable.

*See Acronyms and Abbreviations for the definition of "useable” effort. Total represents useable effortin the seismic study area.
“Effort from 90 s to 6 h after airguns were turned off is considered post-seismic and non-useable; total useable effortis shown for

cetaceans when Bf =5 is considered "useable.”

®Effort fram 90 s to 6 h after airguns were turned off is considered post-siesmic and non-ueseable; total useable effort is shown for cetaceans.
Effort during all non-seismic categories was combined, as was effort during all seismic activity.
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The sighting rate of cetaceans per 1000 km of useable non-seismic survey effort was 1.7/1000 km,
whereas during useable seismic periods, the sighting rate was 0.6/1000 km. However, cetacean density
was greater during seismic compared with non-seismic periods. The closest observed point of approach
(CPA) of sperm whales was farther during non-seismic periods (2000 m, n = 2) compared with seismic
periods (1031 m, n = 1). However, all these calculations are based on limited sightings (n = 4) in the
study area.

Number of Marine Mammals Present and Potentially Affected

During the Shatsky Rise study, the “safety radii” for cetaceans were the best estimates of the 180-
dB re 1 pPanys radius for the 36-airgun array. One group of seven sperm whales was sighted during the
Shatsky Rise survey when the airguns were operating. This group occurred within the >160-dB re
1 pPams radius of the then-operating airgun array, but was likely exposed to sound levels up to 170 dB
before mitigation measures (a power down) could be implemented.

Minimum and maximum numbers of marine mammals potentially exposed to >160 dB re 1 pPams
were also estimated based on densities of marine mammals derived by line-transect procedures. These
estimates allowed for animals not seen by MMOs. Based on observations during daytime non-seismic
periods in the Shatsky Rise study area, up to 18 cetaceans might, prior to the approach of the Langseth,
have been in the areas later exposed to airgun sounds with received levels >160 dB re 1 pPays. This
estimate includes up to 12 sperm whale exposures. These estimates based on actual density data are
lower than the “harassment takes” estimated for the Shatsky Rise survey area prior to the cruise.

Some cetaceans are expected to show avoidance of the approaching seismic vessel before entering
the safety zone. With a relatively large sound source such as the one used during this project, some
cetaceans are expected to show avoidance before they would be close enough to be visible (if at the
surface) to MMOs. As sample sizes were small, it is not possible to make any clear determinations as to
the effects that the Shatsky Rise survey may have had on cetaceans. However, cetacean density was
greater during seismic periods compared with non-seismic periods, and the mean CPA for sperm whales
was closer during seismic than non-seismic periods. Given the limited number of sightings, these
differences should be interpreted very cautiously. However, these data contribute to the overall
accumulation of similar data across this and other L-DEO seismic surveys. The estimated total number of
cetaceans potentially affected by L-DEO’s survey was much lower than that authorized by NMFS. Given
the mitigation measures that were applied, any effects were likely localized and transient, without
significant impact on either individual marine mammals or their populations.
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1. INTRODUCTION

Lamont-Doherty Earth Observatory (L-DEO) of Columbia University conducted a marine seismic
program in international waters at the Shatsky Rise in the Northwest Pacific Ocean from 17 July to 13
September 2010. The project was conducted aboard the R/V Marcus G. Langseth, which is owned by the
U.S. National Science Foundation (NSF) and operated by L-DEQO. The goal of the study was to decipher
the crustal structure of the Shatsky Rise. The survey used a 36-airgun array as an energy source, with a
maximum discharge volume of 6600 in®. The geophysical investigation was under the direction of Drs.
Jun Korenaga (Yale University, New Haven, CT), William Sager (Texas A&M University,
College Station, TX), and the late John Diebold (L-DEO, Palisades, NY).

Marine seismic surveys emit strong sounds into the water (Greene and Richardson 1988; Tolstoy et
al. 2004a,b, 2009; Breitzke et al. 2008) and have the potential to affect marine mammals, given the known
auditory and behavioral sensitivity of many such species to underwater sounds (Richardson et al. 1995;
Gordon et al. 2004; Nowacek et al. 2007; Southall et al. 2007). The effects could consist of behavioral
and/or distributional changes, and perhaps (for animals close to the sound source), temporary or
permanent reduction in hearing sensitivity. Either behavioral/distributional effects or (if they occur), aud-
itory effects could constitute “taking” under the provisions of the U.S. Marine Mammal Protection Act
(MMPA) and the U.S. Endangered Species Act (ESA), at least if the effects are considered to be
“biologically significant™.

Numerous species of marine mammals inhabit the open waters of Northwest Pacific Ocean,
including several that are listed as endangered under the ESA: North Pacific right, sperm, humpback, sei,
fin, and blue whales. With the exception of humpback and sperm whales, these species are also
considered endangered by the International Union for Conservation of Nature and Natural Resources
(IJUCN) 2010 Red List of Threatened species. The ESA-listed endangered leatherback and hawksbill
turtles, and the threatened green, olive ridley, and loggerhead turtles, are also known to occur in the
Northwest Pacific Ocean.

On 2 February 2010, L-DEO requested that the U.S. National Marine Fisheries Service (NMFS)
issue an Incidental Harassment Authorization (IHA) to authorize non-lethal “takes” of marine mammals
incidental to the airgun operations at the Shatsky Rise (LGL Ltd. 2010a). The IHA was requested
pursuant to Section 101(a)(5)(D) of the MMPA. An Environmental Assessment (EA) was prepared to
evaluate the potential impacts of the Shatsky Rise survey (LGL Ltd. 2010b). NSF, the federal agency
sponsoring the seismic study, reviewed and concurred with the conclusions of the EA that the proposed
seismic survey would not have a significant impact on the environment and a Finding of No Significant
Impact was issued. The IHA was issued by NMFS on 16 July 2010 (Appendix A).

The THA authorized “potential take by harassment” of marine mammals during the seismic
program described in this report. The Langseth departed from Honolulu, HI, on 17 July 2010, for the ~9
day transit to the Shatsky Rise study area. After the program was completed, the vessel returned to
Honolulu, HI, for arrival on 13 September 2010.

This document serves to meet reporting requirements specified in the IHA, and to provide general
information on the monitoring and mitigation program as relevant to other interested groups. The primary
purposes of this report are to describe the Shatsky Rise seismic program, to describe the associated
marine mammal and sea turtle monitoring and mitigation programs and their results, and to estimate the
numbers of marine mammals potentially affected by the project.
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Incidental Harassment Authorization

IHAs issued under provisions of the U.S. MMPA to seismic operators include provisions to
minimize the possibility that marine mammals close to the seismic source might be exposed to levels of
sound high enough to cause hearing damage or other injuries, and to reduce other effects insofar as
practical. During this project, sounds were generated by the airguns used during the seismic study and
also by a multibeam bathymetric echosounder (MBES), a sub-bottom profiler (SBP), an acoustic release
transponder used to communicate with Ocean Bottom Seismometers (OBSs), and general vessel oper-
ations. No serious injuries or deaths of marine mammals (or sea turtles) were anticipated from the
seismic survey, given the nature of the operations and the mitigation measures that were implemented,
and no injuries or deaths were attributed to the seismic operations insofar as this could be determined.
Nonetheless, the seismic survey operations described in Chapter 2 had the potential to disturb some
marine mammals. Behavioral disturbance to marine mammals is considered to be “take by harassment”
under the provisions of the U.S. MMPA, at least if it involves behavior outside the normal range of
variability for the situation in question. Appendix B provides further background on the issuance of IHAs
relative to seismic operations and “take”.

Under NMFS guidelines (e.g., NMFS 2000), “safety radii” for marine mammals around airgun
arrays are customarily defined as the distances within which the received pulse levels are >180 dB re
1 WPas for cetaceans and >190 dB re 1 uPa,s for pinnipeds. Those safety radii are based on an
assumption that seismic pulses received at lower received levels are unlikely to injure these mammals or
impair their hearing abilities, but that higher received levels might have some such effects. The mitiga-
tion measures required by IHAs are, in large part, designed to avoid or minimize exposure of cetaceans
and pinnipeds to sound levels exceeding 180 and 190 dB re 1 pPay, respectively. In addition, for this
project, the 180 dB re 1 uPaym criterion was also used as the safety (shut-down) criterion for sea turtles.

Disturbance to marine mammals could occur at distances beyond the safety (=shut down) radii if
the mammals were exposed to moderately strong pulsed sounds generated by the airgun array
(Richardson et al. 1995). NMFS assumes that marine mammals exposed to airgun sounds with received
levels >160 dB re 1 pPayys are likely to be disturbed appreciably. That assumption is based mainly on
data concerning behavioral responses of baleen whales, as summarized by Richardson et al. (1995) and
Gordon et al. (2004). Delphinids, some porpoises, and most pinnipeds are generally less responsive (e.g.,
Stone 2003; Gordon et al. 2004; Bain and Williams 2006), and 170 dB re 1 pPa;,s may be a more
appropriate criterion of behavioral disturbance for those groups (see LGL Ltd. 20010a,b). In general,
disturbance effects are expected to depend on the species of marine mammal, the activity of the animal at
the time, its distance from the sound source, and the received level of the sound and the associated water
depth. Some individuals respond behaviorally at received levels somewhat below 160- or 170-dB re
1 pPa;ms, but others tolerate levels somewhat above those levels without reacting in a substantial manner.

A notice regarding the proposed issuance of an IHA for the Shatsky Rise seismic study was
published by NMFS in the U.S. Federal Register on 21 May 2010, and public comments were invited
(NMFS 2010a). The U.S. Marine Mammal Commission (MMC) submitted comments.

! “rms” means “root mean square”, and represents a form of average across the duration of the sound pulse as
received by the animal. Received levels of airgun pulses measured on an “rms” basis are generally 10-12 dB
lower than those measured on the “zero-to-peak” basis, and 1618 dB lower than those measured on a “peak-to-
peak” basis (Greene 1997; McCauley et al. 1998, 2000). The latter two measures are the ones commonly used by
geophysicists. Unless otherwise noted, all airgun pulse levels quoted in this report are rms levels with equal
weighting for all frequencies.
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On 16 July 2010, L-DEO received the IHA that had been requested for the seismic study. On 29
July 2010, NMFS published a notice in the Federal Register to announce the issuance of the IHA (NMFS
2010Db). This notice responded to the received comments and provided additional information concerning
the IHA. A copy of the IHA, as well as the Biological Opinion’s Incidental Take Statement (ITS), are
included in this report as Appendix A.

The IHA was granted to L-DEO on the assumptions that

e the numbers of marine mammals potentially harassed (as defined by NMFS criteria) during
seismic operations would be “small”,

o the effects of such harassment on marine mammal populations would be negligible,
e no marine mammals would be seriously injured or killed, and
e the agreed upon monitoring and mitigation measures would be implemented.

Mitigation and Monitoring Objectives

The objectives of the mitigation and monitoring program were described in detail in L-DEO’s IHA
Application (LGL Ltd. 2010a) and in the IHA issued by NMFS to L-DEO (Appendix A). Explanatory
material about the monitoring and mitigation requirements was published by NMFS in the Federal
Register (NMFS 2010a,b).

The main purpose of the mitigation program was to avoid or minimize potential effects of L-DEO’s
seismic study on marine mammals and sea turtles. This required that — during daytime airgun operations
— L-DEO detect marine mammals and sea turtles within or about to enter the safety radius, and in such
cases initiate an immediate power down (or shut down if necessary) of the airguns. A power down
involves reducing the source level of the operating airguns, generally by ceasing the operation of all but
one airgun. A shut down involves ceasing the operation of all airguns. An additional mitigation objective
was to detect marine mammals or sea turtles within or near the safety radii prior to starting the airguns, or
during ramp up to full power. In these cases, the start of airgun operations was to be delayed or ramp up
discontinued until the safety radii were free of marine mammals or sea turtles (see Appendix A and
Chapter 3).

The primary objectives of the monitoring program were as follows:
e Provide real-time sighting data needed to implement the mitigation requirements.

e Use real-time passive acoustic monitoring (PAM) to monitor for vocalizing cetaceans and
to notify visual observers of nearby cetaceans.

¢ Estimate the numbers of marine mammals potentially exposed to strong seismic pulses.
o Determine the reactions (if any) of potentially exposed marine mammals and sea turtles.

Specific mitigation and monitoring objectives identified in the IHA are listed in Appendix A.
Mitigation and monitoring measures that were implemented during the seismic study are described in
detail in Chapter 3.

Report Organization

The primary purpose of this report is to describe the Shatsky Rise seismic study that took place in the
Northwest Pacific Ocean from 17 July to 13 September 2010, including the associated monitoring and
mitigation program, and to present results as required by the IHA and ITS (see Appendix A). This report
includes four chapters:
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Background and introduction (this chapter);

Description of the seismic program;

3. Description of the marine mammal and sea turtle monitoring and mitigation requirements and
methods, including safety radii; and

4. Results of the marine mammal and sea turtle monitoring program, including estimated numbers
of marine mammals potentially exposed to various received sound levels and “taken by
harassment” according to NMFS conventions.

Those chapters are followed by Acknowledgements and Literature Cited sections.

In addition, there are seven Appendices. Details of procedures that are more-or-less consistent
across L-DEQ’s seismic surveys are provided in the Appendices and are only summarized in the main
body of this report. The Appendices include:

A. acopy of the IHA and ITS issued to L-DEO for this study;

B. background on development and implementation of safety radii;

C. characteristics of the Langseth, the airgun array, and the echosounders;

D. details on visual and acoustic monitoring, mitigation, and data analysis methods;

E. conservation status and densities of marine mammals in the project region;

F. monitoring effort and a list of marine mammals and sea turtles seen during this cruise; and
G. a passive acoustic monitoring report for the Shatsky Rise cruise.
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2. SEISMIC PROGRAM DESCRIBED

The seismic survey took place at the Shatsky Rise in the Northwest Pacific Ocean (Fig. 2.1).
Procedures used to obtain seismic data during the study were similar to those used during previous
seismic surveys by L-DEO. A 36-airgun array was used as the energy source, and the acoustic receiving
system consisted of a 6-km long hydrophone streamer and/or OBSs.

In addition to the airgun operations, a 12-kHz MBES and a lower energy 3.5 kHz SBP were used to
map the bathymetry and sub-bottom conditions. An acoustic release transponder was also used to
communicate with the OBSs. The Langseth also towed a hydrophone array to detect calling cetaceans by
PAM methods (see Chapter 3).

The following sections briefly describe the seismic survey, the equipment used for the study, and
its mode of operation, insofar as necessary to satisfy the reporting requirements of the IHA (Appendix A).
More detailed information on the Langseth and the equipment is provided in Appendix C.

Operating Areas, Dates, and Navigation

The study occurred within the area 30—36°N and 154-161°E (Fig. 2.1); water depths in the survey
area were deeper than 1000 m. The ship departed Honolulu, HI, on 17 July 2010, for the ~9-day transit to
the study area. After ~2 days of OBS, streamer, and airgun deployment, seismic operations commenced
on 28 July and took place along the gray-shaded lines (“Ship Track Exposed”) as shown in Figure 2.1.
Airgun operations occurred during the day and at night. All vessel operations ceased on 30 July due to a
medical emergency on board the Langseth. The vessel transited to Yokohama, Japan, for the medevac,
and returned to the study area on 7 August, when seismic operations recommenced. Operations had to be
aborted again on 15 August for another medevac to Yokohama, Japan. Seismic operations recommenced
on 22 August and were completed on 29 August. After ~4 days of OBS and other equipment recovery,
the vessel conducted a 2-day multibeam survey. The Langseth left the study area on 4 September and
arrived in Honolulu on 13 September. In total, ~18 days of seismic operations took place.

A summary of the total distances traveled by the Langseth during the Shatsky Rise survey,
distinguishing periods with and without seismic operations, is presented in Table ES.1 (in Executive
Summary). All dates and times throughout the report are local unless noted otherwise.

Throughout the study, position, speed, and activities of the Langseth were logged digitally every
minute. In addition, the position of the Langseth, water depth, and information on the airgun array were
logged for every airgun shot while the Langseth was collecting geophysical data. The geophysics crew
kept a written log of events, as did the marine mammal observers (MMOs) while on duty. The MMOs,
when on duty, also recorded the number and volume of airguns that were firing when the Langseth was
offline (e.g., turning from one line to the next), or was online but not recording data (e.g., during airgun or
computer problems).

Airgun Array Characteristics

A 36-airgun array with a total discharge volume of 6600 in® was used during the Shatsky Rise
survey. The array consisted of 36 Bolt 1500LL and Bolt 1900LLX airguns with volumes ranging from 40
to 360 in® per airgun. During firing, a brief (~0.1 s) pulse of sound was emitted. Compressed air supplied
by compressors aboard the Langseth powered the airgun array; the firing pressure of the array was 1900

psi.
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FIGURE 2.1. Map of the Shatsky Rise study area showing ship tracks and acquired seismic lines (“Ship

track exposed”) during 17 July — 13 September 2010.
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FIGURE 2.2. One of the four linear airgun arrays or strings with ten airguns. Nine airguns per string are

active during seismic operations.
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The airguns were configured as four identical linear arrays or “strings” (Fig. 2.2). Each string had
10 airguns; the first and last airguns in the strings were spaced 16 m apart. Nine airguns in each string
fired simultaneously, whereas the tenth was kept in reserve as a spare, to be turned on in case of failure of
another airgun. The four airgun strings were distributed across an approximate area of 24x16 m behind
the Langseth. The array was towed ~215 m behind the vessel at a speed of ~4.7 kt (8.7 km/h). The
airguns were suspended in the water from air-filled floats (see Appendix C). The airguns were towed at a
depth 9 m for the multichannel seismic (MCS) lines with the streamer and at a depth of 12 m for the OBS
lines. The shot spacing was ~20 s for multichannel seismic surveying with the hydrophone streamer and
~70 s when recording data on the OBSs.

The nominal source level for downward propagation of low-frequency energy from the 36-airgun
array is shown in Table 2.1. The nominal source level would be somewhat higher if the small amount of
energy at higher frequencies were considered. Because an airgun array is a distributed sound source
(many airguns) rather than a single point source, the highest sound level measurable at any location in the
water is considerably less than the nominal source level (Caldwell and Dragoset 2000). In addition, the
effective source level for sound propagating in near-horizontal directions is substantially lower than the
nominal source level applicable to downward propagation because of the directional nature of the
dominant low-frequency sound from the airgun array. The source level expressed on the rms basis used
elsewhere in this report would be lower than the peak-to-peak and zero-to-peak source levels listed in
Table 2.1, but source levels of airguns and airgun arrays are not normally determined on an rms basis by
airgun manufacturers or geophysicists.

Other Airgun Operations

Airguns operated during certain other periods besides seismic acquisition (line shooting), including
periods during ramp ups, after power downs, and during line changes. Ramp ups were required by the
IHA (see Chapter 3 and Appendix A). Ramp ups involved a systematic increase in the number of airguns
firing; airguns were added every 5 min, to ensure that the source level of the array increased in steps not
exceeding 6 dB per 5-min period. Ramp ups occurred when operations with the airgun array commenced
after a period without airgun operations, and after periods when only one airgun had been firing (e.g.,
after a power down for a marine mammal or turtle in or near the safety zone).

Multibeam Bathymetric Echosounder and Sub-bottom Profiler

Along with the airgun operations, two additional acoustic systems operated during the cruise. A
12-kHz Simrad EM120 MBES and a 3.5-kHz SBP operated throughout most of the cruise to map the
bathymetry and sub-bottom conditions, as necessary to meet the geophysical science objectives. During
seismic operations, these sources typically operated simultaneously with the airgun array. The echo-
sounders are described in Appendix C. In brief, the MBES has a beamwidth of 1° fore-aft and 150°
athwartship, a source level of 242 dB re 1 pPayys, and (for each beam) emits pings <15 ms in duration at
intervals of 5-20 s. The SBP emits downward-directed pulses with source level <204 dB re 1 pPa-m at
1-sintervals. In addition, an acoustic release transponder was used to communicate with the OBSs.

TABLE 2.1. Specification of the 36-airgun array used during L-DEQO’s Shatsky Rise survey.

Energy source Thirty-six 1900 psi Bolt airguns of 40-360 in*

Source output (downward) * 0-pk is 84 bar-m (259 dB re 1 yPa-m);
pk-pk is 177 bar-m (265 dB)

Total air discharge volume ~6600 in®

#Source level estimates are based on a filter bandwidth of ~0-250 Hz; dominant frequency components are 2—-188 Hz.
Because the airgun array is a distributed source, the maximum level measureable anywhere in the water would be less.
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3. MONITORING AND MITIGATION METHODS

This chapter describes the marine mammal and sea turtle monitoring and mitigation measures
implemented for L-DEO’s seismic study, addressing the requirements specified in the IHA (Appendix A).
The section begins with a brief summary of the monitoring tasks relevant to mitigation for marine
mammals and sea turtles. The acoustic measurements and modeling results used to identify the safety
radii for marine mammals and turtles are then described. A summary of the mitigation measures required
by NMFS and implemented by L-DEO is then presented. The chapter ends with a description of the
monitoring methods implemented for this cruise from aboard the Langseth, and a description of data
analysis methods.

Monitoring Tasks

The main purposes of the vessel-based monitoring were to ensure that the provisions of the IHA
and ITS issued to L-DEO by NMFS were satisfied, effects on marine mammals and sea turtles were
minimized, and residual effects on animals were documented. The monitoring objectives of the
monitoring program were listed in Chapter 1, Mitigation and Monitoring Objectives. Tasks specific to
monitoring are listed below (also see Appendix A):

e Provide qualified MMOs for the Langseth source vessel throughout the seismic study.

¢ Visually monitor the occurrence and behavior of marine mammals and sea turtles near the airgun
array during daytime whether the airguns were operating or not.

e Record (insofar as possible) the effects of the airgun operations and the resulting sounds on
marine mammals and turtles.

e Use PAM to detect calling marine mammals (day and night) and notify visual observers (when on
duty) of nearby marine mammals.

e Use the monitoring data as a basis for implementing the required mitigation measures.
e Estimate the number of marine mammals potentially exposed to airgun sounds.

Safety and Potential Disturbance Radii

Under NMFS guidelines (e.g., NMFS 2000), “safety radii” for marine mammals around airgun
arrays are customarily defined as the distances within which received pulse levels are >180 dB re 1 pPams
for cetaceans and >190 dB re 1 pPa,ns for pinnipeds. These safety criteria are based on an assumption
that seismic pulses received at lower received levels are unlikely to injure these animals or impair their
hearing abilities, but that higher received levels might have some such effects. Marine mammals exposed
to >160 dB re 1 pPanm, are assumed by NMFS to be potentially subject to behavioral disturbance.
However, for certain groups (delphinids, some porpoises, and some pinnipeds), this is unlikely to occur
unless received levels are higher, perhaps >170 dB re 1 pPa., for an average animal. In this report, all
guoted sound levels are based on equal weighting of all frequencies (i.e., the levels are flat-weighted).

Radii within which received levels from various airgun configurations were expected to diminish to
certain values (i.e., 190, 180, 170, and 160 dB re 1 pPa;,) were estimated by L-DEO (Table 3.1) and
incorporated into the IHA (Appendix A). The 180-dB distance was used as the safety radius for cetaceans
and sea turtles; pinnipeds were not expected to occur in the study area and none were seen. The radii
depend on water depth (see Tolstoy et al. 2004a,b, 2009) as well as tow depth of the airgun array. Tow
depths of ~9 and 12 m were used to estimate the safety radii for the Shatsky Rise survey, and those were
the actual tow depths used during the survey. Background on the sound modeling is provided in
Appendix B.
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TaBLE 3.1. Predicted distances to which airgun sound levels >190, 180, 170, and 160 dB re 1 pPayns
were estimated to be received in deep (>1000 m) water during the Shatsky Rise seismic survey.
Distances for the 36-airgun array are based on measured radii for the array (Tolstoy et al. 2009), and
predicted radii for a single airgun were based on L-DEQO’s model (see Appendix B).

Source Tow ) ) )
and depth Predicted RMS Distances (m) in deep (>1000 m) water
Volume (m) 190 dB 180 dB 170 dB 160 dB
Single Bolt
airgun,
40 in’ 9-12 12 40 120 385
4 strings,
36 airguns,
6600 in’ 9 400 940 2200 3850
4 strings,
36 airguns,
6600 in® 12 460 1100 2510 4400

Mitigation Measures as Implemented

The primary mitigation measures that were implemented during the Shatsky Rise seismic study
included ramp up and power down (or shut down, if necessary) of the airguns. These measures are
standard procedures employed during L-DEOQ seismic cruises and are described below and in more detail
in Appendix D.

Standard mitigation measures implemented during the study included the following:

1.

The configuration of the array directed more sound energy downward, and to some extent fore
and aft, than to the side of the track. This reduced the exposure of marine animals, especially to
the side of the track, to airgun sounds.

Safety radii implemented for the 36-airgun array during the seismic study were based on
empirical data from Tolstoy et al. (2009) for the Langseth’s array (see Appendix B),
Power-down or shut-down procedures were implemented when a marine mammal or sea turtle
was seen within or near the applicable safety radius while the airguns were operating.

A change in vessel course and/or speed alteration was identified as a potential mitigation
measure if a marine mammal was detected outside the safety radius and, based on its position
and motion relative to the ship track, was judged likely to enter the safety radius. However,
substantial alteration of vessel course or speed was not practical during the seismic study, given
the length of the streamer(s) that was towed, and the design of the survey. Power downs or shut
downs were the preferred and most practical mitigation measures when mammals were sighted
within or about to enter the safety radii.

Ramp-up procedures were implemented whenever the airgun array was powered up, to grad-
ually increase the size of the operating source at a rate no greater than 6 dB per 5 min, the
maximum ramp-up rate authorized by NMFS in the IHA and during past L-DEO seismic
cruises. Ramp up from a shut-down position could not be initiated in low-light (fog) or
nighttime conditions.

Ramp up could not proceed if marine mammals were known to be within the safety radius, or if
there had been visual detection(s) inside the safety zone within the following periods: 30 min
for mysticetes and large odontocetes, including sperm whales, pygmy sperm, dwarf sperm,
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killer, and beaked whales, and 15 min for small odontocetes or pinnipeds. Likewise, ramp up
could not proceed if a sea turtle was within the safety radius.
7. PAM was conducted during all seismic operations.

If concentrations of beaked whales had been observed (by visual or passive acoustic detection)
at a site such as on the continental slope, submarine canyon, seamount, or other underwater
geological feature just prior to or during the airgun operations, operations were to be
powered/shut down and/or moved to another location along the site, if possible, based on
recommendations by the on-duty MMO aboard the Langseth.

9. If a visual detection of a North Pacific right whale had been made, the airgun(s) were to be shut
down immediately, regardless of the distance from the Langseth. The array was not to resume
firing until 30 min after the last whale sighting.

No beaked whales or North Pacific right whales were seen during the Shatsky Rise cruise.
Visual Monitoring Methods

Visual monitoring methods were designed to meet the requirements identified in the IHA (see
above and Appendix A). The primary purposes of MMOs aboard the Langseth were as follows: (1)
Conduct monitoring and implement mitigation measures to avoid or minimize exposure of cetaceans or
Sea turtles to airgun sounds with received levels >180 dB re 1 pPa,, and to implement the other
requirements of the IHA. (2) Document numbers of marine mammals and sea turtles present, and any
reactions to seismic activities. The data collected were used to estimate the number of marine mammals
potentially affected by the project. Results of the monitoring program for marine mammals and sea
turtles are presented in Chapter 4.

The visual monitoring methods that were implemented during this cruise were similar to those
during previous L-DEO seismic cruises. In chronological order, those were described by Smultea and
Holst (2003), Smultea et al. (2003), MacLean and Haley (2004), Holst (2004), Smultea et al. (2004),
Haley and Koski (2004), MacLean and Koski (2005), Smultea et al. (2005), Holst et al. (2005a,b), Holst
and Beland (2008), Holst and Smultea (2008), Hauser et al. (2008), Hauser and Holst (2009), Holst
(2009a,b), and Holst and Beland (2010). The standard visual observation methods are described in
Appendix D.

In summary, during the seismic study, up to five trained MMOs were aboard the Langseth for
visual observations. A single observer was on watch for 58% of visual observation periods, and two or
more MMOs were on watch during 42% of watches. Visual observations were conducted from the
Langseth’s observation tower. Observers focused search effort forward of the vessel but also searched aft
of the vessel while it was underway. Watches were conducted with the naked eye, Fujinon 7x50 reticle
binoculars, and mounted 25x150 Big-eye binoculars. Nighttime visual watches were only required before
and during any nighttime startups of the airguns; however, no such startups occurred during the Shatsky
Rise cruise. Appendix D provides further details regarding visual monitoring methods.

Passive Acoustic Monitoring Methods

To complement the visual monitoring program, PAM took place as required by the IHA (Appendix
A). A requirement for PAM during large-source seismic cruises was first specified by IHAs issued to
L-DEO in 2004. Visual monitoring typically is not effective during periods of bad weather or at night,
and even with good visibility, is unable to detect marine mammals when they are below the surface or
beyond visual range. Acoustical observations can be used in addition to visual observations to improve
detection, identification, localization, and tracking of cetaceans.
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In practice, acoustic monitoring (when effective) serves to alert visual observers when vocalizing
cetaceans are in the area. The PAM system aboard the Langseth can detect calling cetaceans before they
are seen by visual observers or when they are not sighted by visual observers (e.g., Smultea et al. 2004,
2005; Holst et al. 2005a,b). This helps to ensure that cetaceans are not nearby when seismic operations
are underway or about to commence. During this cruise, the acoustical system was monitored in real time
so the visual observers (when on duty) could be advised when cetaceans were heard, as directed in the
IHA. This approach had been implemented successfully during some previous L-DEO seismic cruises.

The Right Waves 4-channel hydrophone array was used during the Shatsky Rise study (see
Appendices D & G for a description of this system). Acoustic monitoring software developed by CIBRA
(University of Pavia, Italy) was used to display and record cetacean calls detected by the hydrophones
(see Appendix D). One MMO monitored the acoustic detection system by listening to the signals via
headphones and by watching a real-time spectrogram display for frequency ranges produced by cetaceans.
MMOs monitoring the acoustical data were usually on shift for 1-6 h.

If a cetacean call had been detected, the visual observer (if on duty) would have been notified
immediately of the presence of calling marine mammals. Each acoustic “encounter” was to be assigned a
chronological identification number. An acoustic encounter is defined as including all calls of a particular
species or species-group separated by <1 h (Manghi et al. 1999).

Analyses

Categorization of Data

Visual effort and marine mammal sightings were divided into several analysis categories related to
vessel and seismic activity. The categories used were similar to those used during other L-DEO seismic
studies (e.g., Haley and Koski 2004; MacLean and Koski 2005; Smultea et al. 2005; Holst et al. 2005a,b;
Holst and Beland 2008, 2010; Holst and Smultea 2008; Hauser et al. 2008; Hauser and Holst 2