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EXECUTIVE SUMMARY

Background and Introduction

BP Exploration Alaska Inc. (BPXA) conducted a 3D, ocean bottom cable (OBC) seismic
survey in the Liberty field during July and August 2008. The Liberty field is located in federal
waters of Foggy Island Bay, Beaufort Sea about 8.9 km (5.5 mi) offshore in 6.1 m (20 ft) of water
and approximately 8 to 13 km (5 to 8 mi) east of the existing Endicott Satellite Drilling Island
(SDI).

Marine seismic surveys emit sound energy into the water and have the potential to affect
marine mammals given the reported auditory and behavioral sensitivity of many such species to
underwater sounds. Either behavioral, distributional or (if they occur) auditory effects could
constitute a “take” under the provisions of the Marine Mammal Protection Act (MMPA) and the
Endangered Species Act (ESA). The National Marine Fisheries Service (NMFS) and the U.S.
Fish and Wildlife Service (USFWS) share jurisdiction over the marine mammal species that were
likely to be encountered during the project and each provided authorization to conduct the seismic
survey through an Incidental Harassment Authorization (IHA, NMFS) and Letter of
Authorization (LOA, USFWS). The IHA and LOA included provisions to minimize the
possibility of exposure of potentially harmful seismic sounds to marine mammals and to reduce
behavioral disturbances that could be considered as a “take” under the MMPA.

In addition, regulations in the MMPA require IHA applicants that plan activities in Arctic
waters to provide a plan of cooperation that identifies measures to minimize adverse effects on
the availability of marine mammals for subsistence purposes. BPXA met with representatives of
the community of Nuigsut, the Alaska Eskimo Whaling Commission (AEWC), the North Slope
Borough (NSB), and others to discuss appropriate measures to be implemented during the 2008
shallow water Liberty seismic survey with the purpose of avoiding conflicts with the subsistence
hunt. These measures were included in the Conflict Avoidance Agreement (CAA) that was
signed on 4 June 2008.

A marine mammal monitoring and mitigation program was conducted in compliance with
the IHA and LOA to avoid or minimize potential effects of BPXA’s seismic survey on marine
mammals, as well as to communicate with local subsistence communities. This required that
shipboard personnel detect marine mammals within or about to enter the designated safety radii
(190 dB for pinnipeds and 180 dB for cetaceans), and in such cases initiate an immediate power-
down or shut-down of the airguns.

This 90-day report describes the methods and results for the marine mammal mitigation
and monitoring program specifically required to meet the primary objectives, which were:

0  To provide real-time sighting data needed to implement the mitigation requirements;

0  To estimate the numbers of marine mammals potentially exposed to seismic pulses
exceeding sound levels of 160 dB; and

0 To determine the reactions (if any) of marine mammals potentially exposed to
seismic sounds.

Seismic Survey Described

An OBC seismic survey involves the lowering of seismic cables from dedicated cable
vessels for placement on the ocean bottom within the targeted seismic acquisition area. Attached
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to the cables are sensors (hydrophones/geophones) which detect seismic energy data reflected
from underground rock strata. The collected seismic data is transmitted through the cables to the
recorder vessel for data storage. The energy sources used during this survey are airguns towed by
seismic source vessels traveling orthogonally over the patch of cabled hydrophones.

The geographic region where BPXA’s Liberty OBC seismic survey occurred was located
in Foggy Island Bay, Beaufort Sea in water depths between a few inches and 7.6 m (25 ft). The
project area encompassed about 351.8 km2 (135.8 mi2). The OBC seismic survey was conducted
by two seismic source vessels (Peregrine and Miss Diane), four cable vessels (Canvasback, Cape
Fear, Rumple Minze and Sleep Robber), a recorder vessel/barge combination (Alaganik/Hook
Point), two crew/support vessels (Qayaq Spirit and Mariah B), and a housing vessel (Arctic
Wolf). One additional vessel, the ACS vessel Gwydyr Bay, substituted for a crew vessel for
several days when crew vessel repairs were required.

The Peregrine was mainly used for the deeper parts of the survey area (mostly >3 m or 10
ft) and the Miss Diane for the shallower areas (<3 m or 10 ft). Both source vessels were equipped
to tow two arrays. The Peregrine towed two 440 in® (total of 880 in®) arrays comprised of four
airguns in clusters of 2 x 70 in3 and 2 x 150 in3. Although the Liberty survey was planned and
permitted for use of an 880 in® array, initial test results indicated that a 440 in® array would be
adequate. The Miss Diane towed two 220 in® arrays, comprised of two guns of 1 x 70 in3and 1 x
150 ind. The maximum volume used by both vessels during seismic data production was 440 in3.
The arrays were towed at a distance of ~8-10 m (~26-32 ft) from the source vessel at depths of
1.8 m (6 ft) on the Peregrine and 1.1 m (3.5 ft) on the Miss Diane.

The Arctic Wolf mobilized from the Port of Anchorage on 26 June, with a planned 2 week
travel to West Dock. Due to ice conditions in the Chukchi Sea and around Barrow, the total
transit time took about 3 weeks and the vessel arrived at West Dock on 20 July. The seismic
survey in the Liberty area started 15 July with the lay-out of the first cable. Seismic data
acquisition started 24 July and ended on 25 August in accordance with the CAA, with the final
cables retrieved 26 August. Minor follow-up operations were completed by 1 September 2008.

Acoustic Monitoring

Three different acoustic measurements were conducted during the Liberty seismic survey:
(1) sound source verification of the airgun arrays, (2) sound measurements of all vessels involved
in the survey and measurements of received airgun sound levels, and (3) of combined vessel
sounds in relation to the presence or absence of the barrier islands.

The primary objective of the airgun sound source verification measurements was to verify
the estimated marine mammal safety radii by measuring the received sound pressure levels of
various airgun volumes as a function of distance. The measured safety radii for the airgun arrays
of the Peregrine and Miss Diane were analyzed in the field and results were provided to the
MMOs as soon as they became available, prior to the start of data acquisition (24 July). The
results were presented in reports and submitted by BPXA to the NMFS and USFWS as stipulated
in the IHA and LOA. The same SSV reports were provided to the AEWC and NSB Department
of Wildlife Management (NSB-DWM) in accordance with the CAA.

Sound measurements of vessels were conducted to obtain knowledge on each vessel’s
radiated source level (at 1m from the source) in the area of operation. A total of 11 vessels were
involved in the Liberty seismic survey, including the ACS vessel Gwydyr Bay. Source level
measurements were obtained for all vessels and where possible for different speeds.
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Three acoustic recorders (DASARs) were deployed at three locations outside but near the
Liberty seismic survey area. These locations were selected such that it allowed for determination
of propagation loss of underwater sounds from airguns and vessels in relation to the presence or
absence of barrier islands. Most received rms sound pressure levels on the DASAR closest to the
survey area were in the range between 120 and 140 dB (90.1%). The received sound levels at the
other two DASAR locations were much lower, with only 25.3% exceeding 120 dB for the
location that was placed outside but beyond a gap between two barrier islands, and 0.5% for the
location outside but directly behind a barrier island. These sound levels could include airgun
pulses from sources other than the Liberty survey.

Results of Marine Mammal Monitoring

Arctic Wolf Transit — Two MMOs aboard the housing vessel, Arctic Wolf, conducted a
total of 369 observation hours during the transit from Anchorage to West Dock, Prudhoe Bay.
All observations were conducted during daylight hours, with a total of 206 hours during actual
transit, and 151 hours while the vessel was on anchor or idle. There were 11 hours for which the
speed and activity of the vessel was not clearly determined.

Thirteen marine mammal species were observed during the transit including, Dall’s
porpoise, gray whale, harbor porpoise, humpback whale, killer whale, Risso’s dolphin, bearded
seal, harbor seal, ringed seal, spotted seal, Steller’s sea lion, Pacific walrus, and polar bear. A
total of 56 cetacean and pinniped sightings were made, of which 29 cetacean sightings of 73
animals and 27 pinniped sightings of 34 animals, excluding walrus. Most sightings were made
when the vessel was actually traveling. This was most apparent for cetaceans; for which the
sighting rate (number of sightings per hour) was ~4.5 times higher when the vessel was traveling
than when it was on anchor or idle.

A total of 22 walrus sightings of 11335 individuals and 2 polar bear sightings of 2
individuals were made during the Arctic Wolf transit. In addition, while transiting in waters
around south Alaska, 50 sea otters were observed in one sighting. Walruses were observed in the
Chukchi Sea, mainly near Icy Cape, both on ice and in the water. The distance of these walrus
sightings to the vessel ranged between 9 and 668 m, with the exception of three sightings at 1187
m and two at 2975 m. On one occasion, walruses were observed on ice floes everywhere around
the vessel, while it was traveling north through some ice leads. Due to the large number of
animals spread out over a distance of ~6.5 km (~4 mi), this was recorded as one sighting with an
estimated 10000 individuals. Both polar bear sightings were observed on ice at 668 m from the
vessel, also near Icy Cape.

The MMOs on the Arctic Wolf regularly contacted representatives of the local subsistence
villages, when traveling in nearby waters. They provided them with the current position of the
Arctic Wolf and its travel plans in order to avoid potential conflicts with the subsistence hunt.

Seismic Survey — Seismic data acquisition was conducted mainly during daylight, i.e.
more than 90% of the time that airguns were operating. MMOs conducted observations during all
daylight hours when airguns were operating and during many hours when the source vessel was
not operating its airguns. Observations during night time were not required. Daylight MMO
observer effort on the Peregrine was 353 hours with airguns operating, 20 hours during post-
seismic (up to one hour after airguns were shut down), and 67 hours during non-seismic activity
(period one hour after airguns were turned off). MMO observer effort on the Miss Diane was 244
hours during airgun operations, 29 hours during post-seismic, and 220 during non-seismic. The
ability to detect marine mammals depends largely on the environmental conditions, such as
Beaufort (Bf) wind force and visibility. About 76% of the total observer effort on the Peregrine
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and 91% on the Miss Diane took place during wind force conditions of Bf 1 to 3, which
corresponds to wind speeds between 2 to 19 km/h or 1 to 10 kts. During the entire daylight
observation effort, visibility conditions were favorable for detecting marine mammals. Visibility
conditions less than 1 km (0.6 mi), which result in less effective monitoring of the 180 dB safety
radii (550 m for the 440 in® array of the Peregrine and 300 m for the Miss Diane), occurred only
33 hours (9%) and 4 hours (2%) of the total observer effort with airguns operating for Peregrine
and Miss Diane, respectively

Eight marine mammal species were observed during the entire seismic survey period, i.e.
from 15 July to 25 August. These species include beluga whale, bowhead whale, gray whale,
ringed seal, spotted seal, bearded seal, and polar bear. While on watch the MMOs on both source
vessels observed 16 individual cetaceans in four sightings and 13 pinniped sightings of one
individual each. In addition, one cetacean sighting (two individuals) and five pinniped sightings
(five individuals) were made during periods when no airguns were operating and no MMO watch
was required (opportunistic off-watch sightings). This occurred for example when operations
were halted due to bad weather.

During the Liberty seismic survey a total of three shut-downs and one power-down were
implemented for marine mammals. Two shut-downs were implemented for carcasses, observed
while airguns were operating and one shut-down for a seal, entering the 190 dB safety radii of the
mitigation source. A power-down was implemented for a seal that was entering the 190 dB
safety zone of the 440 in® airgun array (250 m or 820 ft), and remained outside the 190 dB safety
zone of the mitigation source. No shut-down was required as the seal was observed to leave the
440 in® safety radius.

There was one polar bear sighted during the MMO watch period on the Miss Diane when
seismic airguns were operating. This bear was swimming at 1.1 km (0.7 mi) distance, far outside
the 190 dB safety radius for the 440 in® airgun array (150 m or 492 ft). During off-watch periods,
mainly when the vessels were hiding from bad weather close to the barrier islands or behind
Endicott Satellite Drilling Island (SDI), a total of 10 polar bears were observed in 9 sightings.
Observations made by crew on vessels without MMOs were reported to the lead MMO on the
Peregrine, to avoid duplicate reporting. No Pacific walrus were sighting during the seismic
survey.

The minimum and maximum numbers of potential pinniped and cetacean exposures to
>160 dB were calculated to compare with the estimates from the IHA application. The minimum
numbers comprised of the actual number of pinnipeds and cetaceans sighted within the 160 dB
safety radius around the operating airguns. Sighting rates (number of sightings per hour),
calculated from sightings conducted one hour and more after airguns were turned off, were used
to estimate the maximum number of pinnipeds and cetaceans potentially exposed to >160 dB rms.
The assumption was that the non-seismic sighting rate was representative for a non-disturbed
presence of marine mammals. This resulted in 0 to 10 potential exposures for cetaceans and 3 to
30 for pinnipeds, compared to the IHA estimates of 28 and 250, respectively.
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Chapter 1: Background and Introduction 1-1

1 BACKGROUND AND INTRODUCTION

BP Exploration Alaska Inc. (BPXA) conducted a 3D, ocean bottom cable (OBC) seismic
survey in the Liberty field during July/August 2008. The Liberty field is located in federal waters
of Foggy Island Bay, Beaufort Sea about 8.9 km (5.5 mi) offshore in 6.1 m (20 ft) of water and
approximately 8 to 13 km (5 to 8 mi) east of the existing Endicott Satellite Drilling Island (SDI)
(Figure 1.1).

A total of three cetacean species, four species of pinnipeds, and one marine fissiped (polar
bear—Ursus maritimus) are known to occur in the Beaufort Sea in or near the Liberty area. Five
additional cetacean species — narwhal (Monodon monoceros), killer whale (Orcinus orca), harbor
porpoise (Phocoena phocoena), minke whale (Balaenoptera acutorostrata), and fin whale
(Balaenoptera physalus) — could occur in the Beaufort Sea, but each of these species is rare or
extralimital to the Liberty area. The marine mammal species that occurs most frequently
throughout the seismic survey in the Liberty area is the ringed seal (Phoca hispida’). One can
also observe the bearded and spotted seal (Erignathus barbatus and Phoca larga), but to a far
lesser extent than the ringed seal. Due to its distribution, encounters with the walrus (Odobenus
rosmarus) are possible but not expected. However, anecdotal reports suggest that walruses may
be occurring more frequently in the project area than they have in the past. Presence of beluga
whales (Delphinapterus leucas), bowhead whales (Balaena mysticetus) and gray whales
(Eschrichtius robustus) in the shallow water environment within the barrier islands is possible but
expected to be very limited. Of these species, only the bowhead whale is listed as “endangered”
under the Endangered Species Act (ESA). The National Marine Fisheries Service (NMFS) and
the U.S. Fish and Wildlife Service (USFWS) share jurisdiction over the marine mammal species
that can be encountered during the project. USFWS manages two species, walrus and polar bear;
NMFS manages all cetacean and pinniped species except walrus.

Marine seismic surveys emit sound energy into the water and have the potential to affect
marine mammals given the reported auditory and behavioral sensitivity of many such species to
underwater sounds (Richardson et al. 1995; Gordon et al. 2004). Potential effects consist of
behavioral 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) auditory effects could constitute a “take” under the provisions of the U.S.
Marine Mammal Protection Act (MMPA) and the ESA, at least if the effects are considered to be
biologically significant?.

During the planning and design phase of the 2008 Liberty OBC seismic survey, BPXA
worked with LGL Alaska Research Associates, Inc. (LGL) to develop a marine mammal and
acoustic monitoring program as part of the Incidental Harassment Authorization (IHA)
application to NMFS and the application for a Letter of Authorization (LOA) to USFWS. The
applications and associated mitigation and monitoring program address potential impacts to
marine mammals from the proposed Liberty shallow water seismic survey and identify mitigation
and monitoring measures to minimize those impacts. More details of these authorizations are
provided in Section 1.1 and 1.2 below.

! Also referred to as Pusa hispida.

2 Biologically significant means here, “in a manner that might have deleterious effects to the well-being of
individual marine mammals or their populations.”
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FIGURE 1.1 OVERVIEW OF THE LIBERTY SEISMIC SURVEY LOCATION.

This document serves to meet reporting requirements specified in the IHA and LOA. The
primary purposes of this report are to describe BPXA'’s seismic activities in Foggy Island Bay, to
describe the associated marine mammal monitoring and mitigation program and their results, and
to estimate the numbers of marine mammals potentially exposed to seismic sounds at or above
presumed effects levels.

1.1 Incidental Harassment Authorization (NMFS)

On 15 November 2007, BPXA submitted an IHA application to NMFS for an IHA
allowing non-lethal harassment of marine mammals incidental to the 3D OBC seismic survey in
the Liberty Prospect, Beaufort Sea. A notice regarding the proposed issuance of this IHA was
published by NMFS in the Federal Register on 2 May 2008 and public comments were invited
(NMFS 2008). The IHA was issued to BPXA by NMFS to cover the period from 8 July 2008
through 25 Aug 2008 (Appendix A).

The IHA issued by NMFS authorized level B harassment of the ESA-listed bowhead whale
(Balaena mysticetus), as well as several non-listed species including gray whale (Eschrichtius
robustus), beluga whale (Delphinapterus leucas), ringed seal (Phoca hispida), spotted seal
(Phoca largha), and bearded seal (Erignathus barbatus). The IHA required BPXA, among other,
to have dedicated marine mammal observers (MMOSs) on board of their seismic source vessels to
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observe a >190 dB? safety radius for pinnipeds (not including walruses) and a >180 dB safety
radius for cetaceans.

NMFS granted the IHA to BPXA on the assumptions that:

0  The numbers of whales and seals potentially harassed (as defined by NMFS criteria)
during seismic operations would be “small”;

0  The effects of such harassment on marine mammal populations would be negligible;
0  No marine mammals would be seriously injured or killed;

0o  There would be no unmitigated adverse effects on the availability of marine
mammals for subsistence hunting in Alaska; and

0  The agreed upon monitoring and mitigation measures would be implemented.

On 18 July 18 2008, BPXA submitted to NMFS a request for clarification regarding
emergency shutdown procedures for injured or dead marine mammals sighted in the area of
operation as mentioned under condition 6(b)(iv)(C) of the IHA issued 8 July 2008. Upon review,
NMFS determined that wording in this condition should be altered and issued an amendment to
the IHA, effective starting 28 July 2008 (Appendix A).

1.2 Letter of Authorization (USFWS)

BPXA submitted a LOA application to USFWS on 14 December 2007, to allow
unintentional take of polar bears and Pacific walrus incidental to the OBC seismic activities
(including a bathymetry survey) and to allow take of polar bears by harassment for the protection
of human life and polar bears while conducting survey activities. A LOA specific to the
bathymetry program was issued to BPXA on 6 March 2008 (Appendix B) in accordance with the
USFWS regulations listed at 71 FR 43926, dated 2 August 2006 (USFWS 2006). Authorizations
covering the seismic survey activities during the open-water season were not added initially, to
allow the USFWS a more thorough review of that part of the seismic program. An amendment to
the LOA of 6 March 2008, to include the open-water seismic activities, was issued to BPXA on 2
July 2008 (Appendix B). The LOA and amendment issued to BPXA by USFWS continued to be
effective until 30 November 2008. The LOA required BPXA, among others, to observe a >190
dB safety radius for polar bears and a >180 dB safety radius for walruses. Other monitoring and
mitigation requirements for the open-water seismic survey activities are similar or equal to the
IHA issued by NMFS and are briefly discussed in Section 1.4 and in more detail in Section 4.2.

1.3 CAA

Regulations in the Marine Mammal Protection Act (50 CFR 216.104(a)(12)) require IHA
applicants that plan activities in Arctic waters to provide a plan of cooperation that identifies what
measures have been taken or will be taken to minimize adverse effects on the availability of
marine mammals for subsistence purposes. BPXA met with representatives of the community of

® Unless otherwise noted, all sound levels quoted in this report are referenced to 1 puPa and expressed as rms or
“root mean square”, levels, which represent a form of average across the duration of the sound pulse. There are several
other measures of pulsed sounds, such as “zero-to-peak”, “peak-to-peak” and SEL (sound exposure level). It is
currently thought that SEL (energy) and peak level measures may be more relevant to marine mammals than are rms
values (Southall et al. 2007), but the current regulatory requirements are based on rms values.
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Nuigsut, the AEWC, and the North Slope Borough (NSB) to discuss appropriate measures to be
implemented during the 2008 shallow water Liberty seismic survey with the purpose of avoiding
conflicts with the subsistence hunt. These agreements were included in the Conflict Avoidance
Agreement (CAA) that was signed on 4 June 2008 (Appendix C).

1.4 Mitigation and Monitoring Objectives

The objectives of the marine mammal mitigation and monitoring program were described
in detail in BPXA’s IHA application (BPXA 2007) and in the IHA issued by NMFS to BPXA
(Appendix A). Explanatory material about the monitoring and mitigation requirements was
published by NMFS in the Federal Register (NMFS 2008).

The main purpose of the mitigation program was to avoid or minimize potential effects of
BPXA’s seismic survey on marine mammals. This required that shipboard personnel detect
marine mammals within or about to enter the designated safety radii (190 dB for pinnipeds other
than walrus and 180 dB for cetaceans and walrus), and in such cases initiate an immediate power-
down or shut-down of the airguns. A power-down involves reducing the sound level of the
operating airguns, in this case by reducing the air volume. A shut-down involves temporarily
terminating the operation of all airguns. An additional mitigation objective was to detect marine
mammals within or near the safety radii prior to starting the airguns, or during ramp-up toward
full power. In these cases, the start of airguns was to be delayed or ramp-up discontinued until the
safety radius was free of marine mammals, insofar as this can be determined visually, for a period
of 30 minutes.

For the BPXA shallow water seismic survey, a specific dedicated vessel monitoring
program to detect aggregations of 12 or more baleen whales within the 160 dB zone, or 4 or more
bowhead whale cow-calf pairs within the 120 dB zone, was not considered applicable and hence
not included in the IHA although it has been included as a requirement in some offshore Beaufort
and Chukchi Sea IHAs in recent years.

The primary objectives of the marine mammal monitoring program were:
0  To provide real-time sighting data needed to implement the mitigation requirements;

0  To estimate the numbers of marine mammals potentially exposed to seismic pulses
exceeding sound levels of 190 or 180 dB; and

0 To determine the reactions (if any) of marine mammals potentially exposed to
seismic sounds.

The marine mammal mitigation and monitoring objectives identified in the IHA (NMFS)
and LOA (USFWS) are included in Appendices A and B. The marine mammal mitigation and
monitoring measures that were implemented during the shallow water seismic activities in the
Liberty area based on the IHA and LOA are described in detail in Section 4.2.

1.5 Report Structure

The main purpose of this 90-day report is to satisfy the IHA (NMFS) and LOA (USFWS)
requirements to submit a final report within 90 days after the completion of operations on 1
September 2008 and to provide BP with a permanent record regarding marine mammal
encounters during the Liberty seismic operations. It describes the methods and results of the
marine mammal mitigation and monitoring program designed to meet the primary objectives and
as required by the IHA and LOA. The report consists of a total of five chapters:
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Background and introduction (this chapter);
Summary of BPXA’s seismic survey activities (Chapter 2);

Description of the acoustic measurements conducted during the field season, including
the methodology and results (Chapter 3);

Description of the marine mammal monitoring and mitigation program, which includes
details of mitigation measures as communicated to the seismic crew and marine
mammal observers (MMOs), and a summary of the MMO observation protocol
(Chapter 4);

Results of the marine mammal monitoring and mitigation program, including a
summary of the situations that required implementation of the mitigation measures,
and estimated numbers of marine mammals potentially exposed to sound levels of
>190 or >180 dB as required by the IHA (Chapter 5) and LOA.

addition, there are seven Appendices that provide copies of relevant permit

documentation and details of the marine mammal monitoring and mitigation. The Appendices

include:
A.

B.

Iemmo

Copy of the Incidental Harassment Authorization (IHA) and the amendment issued
by NMFS to BPXA for the shallow water seismic survey;

Copy of the Letter of Authorization (LOA) and the amendment issued by USFWS to
BPXA for the shallow water seismic survey;

Copy of the Conflict Avoidance Agreement (CAA) between BPXA, the Alaska
Eskimo Whaling Commission, and the Whaling Captains Associations;

Vessel descriptions;

Marine mammal status in Beaufort Sea;

Beaufort Wind Force Scale.

Call log to Communication centers of the Arctic Wolf.

Environmental monitoring and mitigation end-of-survey report (Aerts & Blees 2008).

Figures 1.2 to 1.4 show impressions from the survey area and the open
water survival field practice.

FIGURE 1.2 HOUSING VESSEL ARCTIC WOLF ON SITE.
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FIGURE 1.3 ALAGANIK/HOOK POINT ON SITE. IN THE BACKGROUND THE BROOKS RANGE MOUNTAINS ARE VISIBLE.

FIGURE 1.4 OPEN WATER SURVIVAL FIELD PRACTICE AT WEST DOCK ON 13 JULY 2008.
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2 SEISMIC SURVEY DESCRIBED

An OBC seismic survey involves the lowering of seismic cables from dedicated cable
vessels for placement on the ocean bottom within the targeted seismic acquisition area. Attached
to the cable are sensors (hydrophones/geophones) which detect seismic energy data reflected
from underground rock strata. The collected seismic data is transmitted through the cables to the
recorder vessel for data storage. The energy sources used during this survey are airguns towed by
seismic source vessels traveling orthogonally over the patch of cabled hydrophones.

The OBC seismic survey conducted by BPXA in the Liberty prospect area was conducted
by two seismic source vessels (Peregrine and Miss Diane), four cable vessels (Canvasback, Cape
Fear, Rumple Minze, and Sleep Robber), a recorder vessel/barge combination (Alaganik/Hook
Point), two crew/support vessels (Qayaq Spirit and Mariah B), and a housing vessel (Arctic
Wolf). The ACS vessel Gwydyr Bay substituted for a crew vessel for several days when crew
vessel repairs were required. All vessels operated in accordance with the provisions of the
permits.

2.1 Operating Areas, Dates and Navigation

The geographic region where the OBC seismic survey occurred was located in Foggy
Island Bay, Beaufort Sea in water depths between a few inches and 7.6 m (25 ft). The project
area encompassed about 351.8 km® (135.8 mi%), with the approximate boundaries between
N70°11” and N70°23’ and W147°10” and W148°02" (Figure 2.1).

All vessels, except the housing vessel Arctic Wolf, were trucked to the North Slope during
the week of 23 June. The vessels were rigged and equipment was loaded at West Dock and the
West Dock Staging Pad. The Gwydyr Bay permanently resides in Prudhoe Bay. The Arctic Wolf
mobilized from the Port of Anchorage on 26 June, with a planned 2 week travel to West Dock.
Due to ice conditions in the Chukchi Sea and around Barrow, the total transit time took about 3
weeks and the Arctic Wolf arrived at West Dock on 20 July. At West Dock she took on new
provisions, water, and fuel before proceeding to the project area on 22 July.

The seismic survey in the Liberty area started 15 July with the lay-out of the first cable. A
delay in the seismic effort was caused by a combination of bad weather and technical problems
with the receiver cables. Seismic data acquisition started 24 July and ended at 0340 hours on 25
August in accordance with the CAA. The two source vessels and crew vessels transited to West
Dock for demobilization on 25 August. The cable vessels, the housing vessel, and the recorder
operated in the survey area for another day, until 26 August, to retrieve the last cables. The
Peregrine was released to another operator after 25 August and the Arctic Wolf was released from
duty on the project and picked up another contract effective 26 August 2008. All remaining
vessels demobilized at West Dock and were trucked south. On 29 August, a vessel with divers
transited to and from the survey area and recovered a sealed battery-pack that had been
accidentally dropped overboard. Operations were completed 1 September 2008.

2.2 Airgun Description

Two source vessels were used during this seismic survey, the Peregrine and the Miss
Diane. The Peregrine was mainly used for the deeper parts of the survey area (mostly >3 m or
10 ft) and the Miss Diane for the shallower areas (<3 m or 10 ft). Both source vessels were
towing two arrays. The Peregrine towed two 440 in® arrays comprised of four airguns in clusters



2-2 Marine Mammal Monitoring & Mitigation: 2008 Liberty Seismic Survey

of 2 x 70 in3and 2 x 150 in®. The Miss Diane towed two 220 in® arrays, comprised of two guns
of 1 x 70 in3and 1 x 150 ind. Aside from some test runs with the two 440 in®array (= 880 in®) of
the Peregrine, the maximum volume used by both vessels during seismic data production was
440 ind. By reducing the operating array volume on the Peregrine from 880 in® to 440 in®, the
safety zones and hence the potential impact on marine mammals decreased.

The arrays were towed at a distance of ~8-10 m (~26-32 ft) from the source vessel at
depths of 1.8 m (6 ft) on the Peregrine and 1.1 m (3.5 ft) on the Miss Diane. Both vessels
traveled along pre-determined lines at an average speed of 5.6 km/h (3 kts). Each source vessel
fired shots every 12 seconds, resulting in 6-second shot intervals in situations when both vessels
were operating simultaneously (ping-pong). When weather and operational conditions allowed,
seismic data acquisition operated 24 hours per day.

2.3 Short Summary of Work Performed

Seismic data were acquired on Patches 4 to 17 and on Patch 18 in only a small portion in
the center (Figure 2.1). On Patch 4 to 6, seismic data were only acquired in water depths greater
than 0.6 m (2 ft). Geophones were used to collect some shallow water portions of patches 7, 8 and
9. No seismic data were acquired in the remaining patches 1 to 3 and 19 to 22.

Approximately 237.8 km? (91.8 mi?) of data acquisition was completed or approximately
70% of the originally permitted survey area. A total of 107,469 source shot points were taken
with seismic data acquired for 93,104 shots. Approximately 580 km (360 mi) of cable were
deployed and retrieved. Approximately 158.2 km? (61.1 mi?) or 66.5% of the data was collected
in state waters with approximately 79.5 km? (30.7 mi®) or 33.5% of the data collected in federal
OCS waters. Figure 2.2 shows some project vessels on site, Figure 2.3 is of the receiver cables,
and Figure 2.4 shows the Miss Diane operating during the seismic survey.
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FIGURE 2.1 LIBERTY SEISMIC SURVEY AREA WITH PRE-SURVEY RECEIVER AND SOURCE LINES. SEISMIC DATA
WERE ACQUIRED FROM PATCH 4 TO 17 AND IN ONLY A VERY SMALL PORTION OF PATCH 18.
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2.4 Environmental Monitoring and Mitigation

Dedicated MMOs conducted vessel-based marine mammal monitoring and mitigation from
the seismic source vessels Peregrine and Miss Diane throughout the seismic operations. MMOs
were also present on the Arctic Wolf during its 3-week transit to the project area from the Port of
Anchorage. Directly after the Arctic Wolf was released from duty on this project, it started on
another contract and so no BPXA MMOs were needed for the return transit. This report provides
detailed descriptions of the methods, equipment used, and results of the marine mammal related
monitoring and mitigation during the seismic surveys.

In addition to the marine mammal mitigation and monitoring program, several other
environmental monitoring surveys were conducted in accordance with relevant permit
stipulations. These surveys included: i) a search for bird nests in areas where cable deployment
and retrieval activities were planned on or in close proximity to land; ii) fish monitoring to
identify potential for immediate fish injury or mortality due to proximity to seismic sounds; and
iii) monitoring of potential damage to Boulder Patch biota (mainly kelp) from cable deployment
and retrieval activities. The objective of these environmental surveys was to minimize potential
impacts and increase understanding of potential impacts identified. The results of the bird, fish,
and Boulder Patch surveys are described in the environmental monitoring and mitigation end-of-
survey report (Aerts & Blees 2008) as part of the permit requirements (Appendix H).

FIGURE 2.2 THE RECORDER BOAT/BARGE COMBINATION ALAGANIK/HOOK POINT AND THREE OF THE FOUR BOWPICKERS
LOADING CABLES.
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FIGURE 2.3 RECEIVER CABLES (ORANGE) WITH LEAD LINE, HYDROPHONE
AND RECORDING UNIT USED DURING THE LIBERTY SURVEY.

FIGURE 2.4 MIiss DIANE TOWING THE TWO 220 IN® AIRGUN ARRAY.
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3 ACOUSTIC MONITORING

This chapter presents the results of the acoustic measurements conducted for BPXA’s 2008
Liberty seismic survey in Foggy Island Bay, Beaufort Sea during July/August 2008. The acoustic
measurements and monitoring activities were conducted for three different purposes as
summarized below. Details of each of these objectives are described in separate sections of this
chapter.

0 To measure and verify marine mammal safety zones. Sound source verification
(SSV) measurements of the received sound pressure levels from the airguns were
conducted to determine the distances from the airguns to received sound levels of
190, 180, 160 and 120 dB re 1 pPa (rms);

0  To measure radiated noise of all vessels that were operated during the seismic survey,
with the main objective as determining the effective source levels (dB re 1 pPa at 1 m
rms) for each vessel,

0 To measure the received sound levels of the airguns and of the combined vessel
sounds in relation to the presence or absence of the barrier islands.

3.1 Airgun Sound Source Verification

This section presents the results of the airgun sound source verification (SSV)
measurements from the two seismic source vessels Peregrine and Miss Diane. The objective was
to verify the established safety radii by measuring the received sound pressure levels of various
airgun volumes as a function of distance. This allows calculation of distances from the airguns to
received sound levels of 190, 180, 160, and 120 dB. These measured distances were compared
with the estimated distances as provided in the IHA application. The new measured distances to
190 dB and 180 dB were used as safety zones for marine mammal mitigation purposes and were
provided to the MMOs as soon as they became available (24 July).

All airgun SSV measurements were performed by Greeneridge Sciences, Inc. under
subcontract to LGL Alaska Research Associates, Inc. The acoustic data recorded were analyzed
in the field immediately following each of the SSV measurements and the measured safety radii
for the airgun arrays of the Peregrine and Miss Diane were provided to the MMOs as soon as
they became available, prior to the start of data acquisition (24 July). The results were presented
in reports and submitted by BPXA to the NMFS and USFWS as stipulated in the IHA and LOA.
The same SSV reports were provided to the AEWC and NSB Department of Wildlife
Management (NSB-DWM) in accordance with the CAA.

Equipment used

Recordings were made using two Autonomous Seafloor Acoustic Recorders model B or
ASAR-Bs, hereafter referred to as ASARs (Figure 3.1). The ASARs included two
omnidirectional hydrophones. One was a calibrated ITC model 1032 hydrophone without a
preamplifier and was used to record high sound pressures from strong sources at close range. The
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FIGURE 3.1 ASAR SYSTEM BEING DEPLOYED FROM THE BOWPICKER SLEEP ROBBER.

second was a calibrated ITC model 8212 hydrophone with a preamplifier, and was used to record
lower level sounds from greater distances. Together, the two hydrophones provided an extended
dynamic range for linear recording of strong and weak sounds, free of distortion. The ASAR
pressure housing contained the recording electronics and a rechargeable gel cell battery. The
recorder included a two-channel signal digitizer with 16-bit quantization and a sampling rate of
44.1 kHz for each channel, providing a usable frequency range of 5 to 20,000 Hz. Data were
written to an 8 GB solid state memory card providing approximately 13 hours of continuous
recording. All ASAR hydrophones had been calibrated at the ITC calibration facility in Goleta,
California, which employs standards traceable to the national standards for underwater sound
measurements. Thorough calibration of the hydrophones and recording equipment allowed all
results to be referred to the standard acoustic pressure of one micropascal (1 pPa).

Field operations

SSV measurements of the airgun arrays on the Peregrine and Miss Diane were conducted
prior to the start of seismic data acquisition with those specific arrays. The SSV measurements
were conducted along a 12 km (7.5 mi) trackline located in the deepest part of the seismic survey
area. In addition to measurements of bow and stern aspects of the airgun sounds, the trackline
included a transverse line of ~1 km (~0.6 mi) long and at a distance of ~1 km (~0.6 mi) from the
recorders to measure the broadside aspects of the airgun sounds (Figure 3.2). The water depth at
the ASAR locations was 7.0 m (~23 ft) and remained approximately range-independent over the
entire 12 km (7.5 mi) vessel track. The airgun arrays of the Peregrine were towed at a depth of
1.8 m (6 ft) and 1.1 m (3.5 ft) for the Miss Diane. SSV measurements were conducted for each
airgun volume separately, with those of the Peregrine on 15 July 2008 and of the Miss Diane on
18 July 2008.
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FIGURE 3.2 LOCATION OF AIRGUN SSV TRACK WITHIN THE POST-SURVEY SEISMIC SURVEY AREA. REDUNDANT ASAR-B
RECORDERS WERE DEPLOYED AT ~0.3 MI (0. 5 M) FROM EACH OTHER AT WAYPOINTS B AND C. A TRANSVERSE LINE WITH
HAIRPIN TURN AT WAYPOINT E PROVIDED BROADSIDE ASPECTS OF THE AIRGUN SOUNDS.

Shortly after completion of the ASAR deployments at locations B and C on 15 July, the
Peregrine started shooting both 440 in® airgun arrays (= 880 in®) at a nominal speed of ~4 to 6
km/h (2 to 3 kts) while following the SSV trackline, starting at point F. A transverse line,
running from point D to E and with a hairpin turn at point E back to D provided broadside aspects
of the airgun sounds. The sound of all aspects was measured to ensure that the safety radii would
be calculated based on the aspect with the greatest radiated sound. The symmetry of the airgun
arrays strongly suggested that the port and starboard aspects would not differ. However, because
of the presence of the tow boat in the bow direction, the bow and stern aspect were expected to be
different. The vessel used for the ASAR deployments, the bowpicker and cable vessel Sleep
Robber, remained in the area at a safe distance from the track to avoid noise contamination of the
recordings. All other seismic survey vessels in the area were also instructed to remain at a
distance while the SSV measurements were conducted.

The Peregrine completed three runs along the SSV track over the ASARs (Figure 3.2) with
different array volumes:

o  From point F to A operating two 440 in*airgun arrays, hereafter referred to as 880 in’
array;

o  From point A to F with one 440 in® array, hereafter referred to as 440 in® array;

o  From point F to A with a total of 70 in®, the smallest gun of the array and also the
mitigation source.
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The same protocol was repeated for the Miss Diane on 18 July, with the two 220 in® airgun
arrays, hereafter referred to as the 440 in® array. There were two main reasons for conducting a
separate measurement with the Miss Diane instead of using the results from the Peregrine’s 440
in®: i) the 440 in® airgun configuration on the Miss Diane was slightly different, with two airgun
arrays of 220 in® in stead of one airgun array of 440 in*; and ii) the tow depth of the airgun array
on the Miss Diane was shallower, which would result in higher propagation loss and thus smaller
safety radii. No SSV measurements of the 70 in® gun on the Miss Diane were conducted because
it was identical to the Peregrine 70 in® gun but at shallower tow depth. The decision was made to
use the recommended safety radii obtained with the Peregrine’s 70 in® mitigation source for both
seismic source vessels.

After the recorded data were obtained, broadband sound pressure levels (SPL) were
calculated for a subset of pulses, chosen to create a sufficient number of points of received level
versus range from which to make a reliable fit. The pulse duration was defined as the time
interval between the arrival of 5% and 95% of the total pulse energy, and the pulse SPL was
averaged over the pulse duration (Burgess and Greene 1999, McCauley et al. 1998, 2000). The
SPL obtained is equivalent to the rms levels as used by NMFS for mitigation purposes. SPL
values were then fitted to a sound propagation equation of the form:

RL = A - B*log(R) - C*R (Eq 1)

where RL is the received level in dB re 1 pPa and R is the source-to-receiver range in meters.
The constant term (A) is the hypothetical level 1 m (3.3 ft) from the source, extrapolated back to
1 m range based on the above measurements. This hypothetical value would equal the actual
level at 1 m only if the source were a point source and if transmission loss were consistent at all
distances from 1 m to the maximum measurement distance, neither of which is the case in
practice. The equation permits calculating the distances to specified received levels, such as 190,
180, and 160 dB, relevant for marine mammal mitigation. It also permits extrapolation to
determine an expected distance to a received level of 120 dB. For the Liberty seismic survey
only the distances associated with received levels of 190 and 180 dB were used for mitigation
purposes (see Section 3.2).

The initial least-squares fit of the data to the model equation resulted in the coefficients for
the 50th percentile fit with approximately half the measured points above the equation and half
below—whatever resulted in the minimum mean square error. Adjusting the constant value in
the equation permitted raising the equation line until it covered all the measurement points, 100%,
but maintaining the shape of the least-squares equation. This 100th percentile equation was used
as the basis for establishing marine mammal safety radii because it included all variability
observed in the measurements and as such provided some margin for the inevitable variability in
propagation conditions from one site to another.

The sections below describe the results of the SSV measurements of various airgun
volumes that were conducted with the Peregrine (880 in®, 440 in® and 70 in®) and the Miss Diane
(440 in%). For each airgun volume the bow, stern and broadside (port and starboard) aspects were
analyzed. The port and starboard aspects were analyzed together with the bow aspect in cases
where the vessel run along the track was conducted from point F to A and with the stern aspect
when the track was run in the opposite direction.

SSV Results Peregrine: 880 i Airgun Array

Figure 3.3 below shows received levels for 44 samples at distances of ~0.04 to 10 km
(~0.02 to 6.2 mi) for the bow aspect and its associated model fit for the 880 in® array of the
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Peregrine. Also shown are broadside (port and starboard) aspects measured at ~1.75 km (~ 1.1
mi) range. These samples were not included in the model fit calculations.

The model that satisfies the bow aspect measurements is shown in Figure 3.3, where N is
the number of observations and R? is the coefficient of determination representing the goodness
of fit of the model. Because the model equation utilizes a standard least-squares fit to the
measured data, about 50% of the measurements fall above and 50% fall below the fitted curve.
The equation that predicts distances to received levels encompassing all measurements (100th
percentile) has a higher constant term, in this case 275.0 in stead of 264.0. The dashed curve in
Figure 3.3 corresponds to the adjusted equation with this constant term of 275.0. This 100th
percentile equation is used as the basis for setting marine mammal safety radii as it includes all
the variability observed in the measurements and as such provides some margin for the inevitable
variability in propagation conditions from one site to another.

Figure 3.4 shows received levels for 68 samples at distances of 0.04 to 3 km (0.02 to 1.9
mi) for the stern aspect. It shows a partitioning of the received levels into two segments with a
break at approximately 1.5 km (0.9 mi). This partitioning seems to be the result of a marked
change in the bottom stratigraphy and composition between the source and the receiver. This
geologic break occurred at the same geographic location during all airgun SSV runs over this
track. Similar features were also present in some of the seismic acquisition data as shown by a
geophysicist working on the seismic survey. The model fit was, therefore, applied to the two
segments separately to derive at two different regression equations as shown in Figure 3.4. The
“C” coefficient in Eq. 1, which corresponds to an absorption or scattering loss, could not be
included in equation RL, for the longer ranges because of the relatively small change in distance.

Table 3.1 summarizes the radii calculated from the combined equations for both the 50th
and 100th percentile model fit. The “Modeling Determined Radii” column shows the values
predicted prior to the field season by Greeneridge Sciences based on measurements of a 56 in®
airgun obtained in Foggy Island Bay in 1997 (Greene, 1998). The IHA application submitted to
NMFS by BPXA in November 2007 provides more details on these modeled radii.
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FIGURE 3.3 BOW AND BROADSIDE MEASUREMENTS OF RECEIVED LEVELS AS A FUNCTION OF RANGE (40 < R £ 9000 M) FOR THE
PEREGRINE’S 880 IN® AIRGUN ARRAY (N =44, R? = 0.9531). THE SOLID LINE REPRESENTS THE 50TH PRECENTILE MODEL FIT
(EQUATION IN FIGURE) AND THE DASHED LINE THE 100TH PERCENTILE MODEL FIT (RL=275.0 -36.7*L0G(R) — 0.0007*R).



3-6 Marine Mammal Monitoring & Mitigation: 2008 Liberty Seismic Survey

M/V Peregrine, 2x440: Stern Aspect
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FIGURE 3.4 STERN MEASUREMENTS OF RECEIVED LEVELS AS A FUNCTION OF RANGE (40<R<1500 M FOR RL;, 1500 <R<3000
M FOR RL;) FOR THE PEREGRINE’S 880 IN® AIRGUN ARRAY (N, = 37, R.%=0.9158, N, = 31, R,® = 0.8596). THE SOLID LINE
REPRESENTS THE 50" PRECENTILE MODEL FITS (EQUATIONS IN FIGURE) AND THE DASHED LINE THE 100™ PERCENTILE MODEL
FITS (RL1=235.4 -18.0*L0OG(R) — 0.0047*R, RL,=489.3 -102.2*L0G(R)).

TABLE 3.1 PREDICTED MODELED RADII, AND MEASURED RADII FOR BOW AND STERN ASPECT (50TH AND 100TH
PERCENTILES) OF THE 880 IN® AIRGUN ARRAY ON PEREGRINE. 1000 M = 3300 FT = 0.6 MI. NOTE THAT THE LARGER
EMPIRICALLY DETERMINED RADII ASSUME HOMOGENUOUS CONDITIONS, I.E. DON'T TAKE INTO ACCOUNT POTENTIAL
EFFECT OF BARRIER ISLANDS.

_ Modeling- Empirically-Determined Radii
'Tg%e'rveeg LIS\;;}I Detsgg}:?ed , Bow Aspect Stern Aspect
M [m] (50th/100th Percentile)®  (50th/100th Percentile)®
[m] [m]
190 390 103/204 167/278
180 880 192/379 494/752
170 1830 356/699 1178/1614
160 3430 657/1274 1500/1664
120 16000 6264/10372 3498/4096

¥Radii predicted by Greeneridge Sciences prior to the field season, assuming the 880 in® array was
operating at a depth of 13 ft (4 m).

® From best-fit equation of empirical data.
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SSV Results Peregrine: single 440 ir? Airgun Array

The analyses for the 440 in® array on the Peregrine were the same as those reported above
for the 880 in® array. Figure 3.5 shows received levels for 39 samples at distances of 0.10 to 8
km (0.06 to 5 mi) for the stern and broadside aspects. Received levels for 21 bow aspect samples
at distances of 1.5 to 3 km (0.9 to 2 mi) are shown in Figure 3.6. Again, a partitioning of the
received levels versus range into two segments was apparent, with a break at approximately 01.5
km (9 mi), but this time for the bow aspect as the vessel ran the trackline in the opposite
direction. Differences in broadside aspect between the 440 in® and 880 in® are likely due to
differences in geometry of both airgun clusters. Table 3.2 summarizes the predicted modeled
radii, and measured radii for bow and stern aspect (50th and 100th percentiles) of the single 440
in® airgun array on Peregrine.

o et
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FIGURE 3.5 STERN AND BROADSIDE MEASUREMENTS OF RECEIVED LEVELS AS A FUNCTION OF RANGE (100<R<8000 M) FOR
THE PEREGRINE’S 440 IN? AIRGUN ARRAY (N = 39, R* = 0.8703). THE SOLID LINE REPRESENTS THE 50TH PRECENTILE MODEL
FIT (EQUATION IN FIGURE) AND THE DASHED LINE THE 100TH PERCENTILE MODEL FIT (RL=249.3 -27.6*LOG(R) — 0.0024*R).
THE PEREGRINE, OPERATING ITS 440 IN® AIRGUN ARRAY, IS SHOWN IN THE PICTURE ABOVE.
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M/V Peregrine, 1x440: Bow Aspect
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FIGURE 3.6 BOW MEASUREMENTS OF RECEIVED LEVELS AS A FUNCTION OF RANGE (40<R<1500 M FOR RL;, 1500 <R<3000 m
FOR RL,) FOR THE PEREGRINE’S 440 IN® AIRGUN ARRAY (N; = 21, R,® = 0.9079, N, = 14, R,> = 0.7301). THE SOLID LINE
REPRESENTS THE 50TH PRECENTILE MODEL FITS (EQUATIONS IN FIGURE) AND THE DASHED LINE THE 100TH PERCENTILE MODEL

FITS (RL;=240.6 -20.8*L0OG(R) — 0.0073*R, RL,=50

TABLE 3.2 PREDICTED MODELED RADII, AND MEASURED RADII FOR BOW AND STERN ASPECT (50TH AND 100TH PERCENTILES)
OF THE SINGLE 440 IN® AIRGUN ARRAY ON PEREGRINE. 1000 M = 3300 FT = 0.6 MI. NOTE THAT THE LARGER EMPIRICALLY
DETERMINED RADII ASSUME HOMOGENUOUS CONDITIONS, I.E. DON'T TAKE INTO ACCOUNT POTENTIAL EFFECT OF BARRIER

ISLANDS.

9.0-110.8*LOG(R)).

Modeling-

Received Level Determined Radii®

Empirically-Determined Radii

Bow Aspect

Stern Aspect

[dB re 1 uPa] [m] (50th/L00th Percentile)®  (50th/100th Percentile)?
[m] [m]
190 200 126 /226 40/136
180 462 325 /533 84 /304
170 1030 716 / 1056 188 / 652
160 2090 1324 /1408 415 /1314
120 12900 2794 /3232 4820 /8595

Radii predicted by Greeneridge Sciences prior to the field season, assuming the 440 in® array was operating at a

depth of 13 ft (4 m).
® From best-fit equation of empirical data.
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SSV Results Peregrine: 70 ir? Airgun

Data collected with the Peregrine’s 70 in® array were analyzed in the same way as those
reported earlier. Figure 3.7 shows received levels for 35 samples at distances of 0.02 to 8 km
(0.01 to 5 mi) for the bow and broadside aspects. Received levels for 47 stern aspect samples are
shown in Figure 3.8. Once again a partitioning of the received levels versus range into two
segments was apparent, with a break at approximately 1.5 km (0.9 mi). Table 3.3 summarizes the
predicted modeled radii, and measured radii for bow and stern aspect (50th and 100th percentiles)
of the 70 in® airgun array on Peregrine.

70in® gun
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FIGURE 3.7 BOW AND BROADSIDE MEASUREMENTS OF RECEIVED LEVELS AS A FUNCTION OF RANGE (20<R<8000 M) FOR THE
PEREGRINE’S 70 IN® AIRGUN ARRAY (N = 35, R2 = 0.9895). THE SOLID LINE REPRESENTS THE 50TH PRECENTILE MODEL FIT
(EQUATION IN FIGURE) AND THE DASHED LINE THE 100TH PERCENTILE MODEL FIT (RL=251.4 -31.4*L0OG(R) — 0.0008*R). THE
70 IN® AIRGUN OF THE PEREGRINE IS SHOWN IN THE PICTURE ABOVE.
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M/V Peregrine, 1x70: Stern Aspect
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FIGURE 3.8 STERN MEASUREMENTS OF RECEIVED LEVELS AS A FUNCTION OF RANGE FOR THE PEREGRINE’S 70 IN® AIRGUN
ARRAY (N; = 47, R.? = 0.8455, N, = 31, R,? = 0.8999). THE SOLID LINE REPRESENTS THE 50TH PRECENTILE MODEL FITS
(EQUATIONS IN FIGURE) AND THE DASHED LINE THE 100TH PERCENTILE MODEL FITS (RL;=205.4 -11.3*L0G(R) — 0.0072*R,
RL,=606.7 -140.5*LOG(R)).

TABLE 3.3 PREDICTED MODELED RADII, AND MEASURED RADII FOR BOW AND STERN ASPECT (50TH AND 100TH PERCENTILES) OF
THE 70 IN® AIRGUN ARRAY ON PEREGRINE. 1000 M = 3300 FT = 0.6 MI. NOTE THAT THE LARGER EMPIRICALLY DETERMINED
RADII ASSUME HOMOGENUOUS CONDITIONS, I.E. DON'T TAKE INTO ACCOUNT POTENTIAL EFFECT OF BARRIER ISLANDS.

Empirically-Determined Radii

: Modeling-
Rg(;:lveclj LSVEI Determined Radii® Bow Aspect Stern Aspect
[dB re 1 uPa] [m] (50th/100th Percentile)®  (50th/100th Percentile)®
[m] [m]
190 44 50 /90 9/22
180 105 104 /187 64 /143
170 249 216 /384 332 /577
160 571 443 /781 980 / 1374
120 7030 5976 / 8968 2470/ 2910

Radii predicted by Greeneridge Sciences prior to the field season, assuming the 70 in® array was operating at a
depth of 13 ft (4 m).

® From best-fit equation of empirical data.
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SSV Results Miss Diane: 440 ir? Airgun Array

The SSV measurements of the 440 in® airgun array on the Miss Diane were conducted with
the same acoustic equipment and along the same track as for the Peregrine, i.e., traveling
between points A and F in Figure 3.2. The airgun arrays were towed at a depth of 3.5 ft (1.1 m).
Figure 3.9 shows received levels for 68 samples at distances of 0.02 to 8 km (0.01 to 5 mi) for the
stern and broadside aspects. Figure 3.10 shows received levels versus distance for 138 bow
aspect samples. Consistent with measurements made with the Peregrine, a partitioning into two
segments of the received level versus range was apparent, with a break at the same geographical
position at approximately 1.5 km (0.9 mi). Table 3.4 summarizes the predicted modeled radii,
and measured radii for bow and stern aspect (50th and 100th percentiles) of the 440 in® airgun
array on Miss Diane.

MV Miss Diane, 2x220: Stern, Starboard, and Port Aspects
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FIGURE 3.9 STERN, STARBOARD, AND PORT MEASUREMENTS OF RECEIVED LEVELS AS A FUNCTION OF RANGE (100<R<6000 M)
FOR THE MiSS DIANE’S 440 IN® AIRGUN ARRAY (N = 68). THE SOLID LINE REPRESENTS THE 50TH PRECENTILE MODEL FIT
(EQUATION IN FIGURE) AND THE DASHED LINE THE 100TH PERCENTILE MODEL FIT (RL=259.8 -35.0*L0OG(R)). THE MIsSs DIANE,
WITH ITS TWO 220 IN® AIRGUN ARRAYS, IS SHOWN IN THE PICTURE ABOVE.
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FIGURE 3.10 BOW MEASUREMENTS OF RECEIVED LEVELS AS A FUNCTION OF RANGE (20<R<1500 M FOR RL;, 1500 <R<3000
M FOR RL;) FOR THE MISs DIANE’'S 440 IN’> AIRGUN ARRAY (N; = 42, N, = 96). THE SOLID LINE REPRESENTS THE 50TH
PRECENTILE MODEL FITS (EQUATIONS IN FIGURE) AND THE DASHED LINE THE 100TH PERCENTILE MODEL FITS (RL;=224.9 -
18.2*LoG(R) — 0.0021*R, RL,=498.6 -108.8*L0OG(R)).

TABLE 3.4 PREDICTED MODELED RADII, AND MEASURED RADII FOR BOW AND STERN ASPECT (50TH AND 100TH PERCENTILES)
OF THE 440 IN® AIRGUN ARRAY ON Miss DIANE. 1000 M = 3300 FT = 0.6 M

Empirically-Determined Radii

: Modeling-
Rg(;:lveclj LSVEI Determined Radii® Bow Aspect Stern Aspect
[dB re 1 uPa] [m] (50th/100th Percentile)®  (50th/100th Percentile)”
[m] [m]

190 200 24162 40/117
180 462 781190 781231
170 1030 236523 154 / 458
160 2090 6271195 304 / 905
120 12900 2405 / 2970 4652 / 13856

Radii predicted by Greeneridge Sciences prior to the field season, assuming the 440 in> array was operating at a
depth of 13 ft (4 m).

® From best-fit equation of empirical data.
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3.2 New Safety Radii

Under current 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 pPa for cetaceans and >190 dB for pinnipeds. These guidelines were also
employed by the USFWS in its LOA issued to BPXA, with a >180 dB safety radius for walrus
and >190 dB radius for polar bears in water. These safety criteria are based on an assumption
that seismic pulses at lower received levels will not injure these animals or impair their hearing
ability, but that higher received levels might have such effects. Marine mammals exposed to
>160 dB are assumed by NMFS to be potentially subject to behavioral disturbance. However, no
specific dedicated monitoring programs to detect aggregations of baleen whales (12 or more)
within the 160-dB zone or 4 or more bowhead whale cow-calf pairs within the 120-dB zone were
required for the Liberty shallow water seismic survey, as none of these situations were expected
to occur based on the estimated and measured safety radii. The recommended safety radii for
received levels of >190 dB and >180 dB are provided in Table 3.5, together with the modeled
radii and the measured radii (100th percentile) from either bow or stern aspect, whichever
resulted in the largest radius. These recommended radii were provided to the MMOs on 24 July
and implemented during the seismic survey as of that date.

TABLE 3.5 SUMMARY OF RECOMMENDED, MODELED AND EMPIRICALLY DETERMINED (MEASURED) SAFETY RADII
FOR RECEIVED LEVELS OF 190 DB AND 180 DB. THE RECOMMENDED RADII WERE BASED ON THE LARGEST
100TH PERCENTILE DISTANCE FOR EACH AIRGUN ARRAY AND WERE IMPLEMETED BY THE MMOS ON THE SOURCE
VESSEL AS SOON AS THEY BECAME AVAILABLE (24 JuLy). 1000 M = 3300 FT = 0.6 MI

: Modeling- Empirically-
Airgun Array Rle;c:\;\éled Recoqunargieinded Determined Determined
[in%] [dB re 1 pPal [m] Radii Radii
# [m] [m]
880 190 300 390 278
Peregrine 180 800 880 752
440 190 250 200 226
Peregrine 180 550 462 533
20 190 100 44 90
Peregrine 180 200 105 187
240 190 150 200 117

Miss Diane 180 300 462 231
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3.3 Vessel Sound Measurements

This section presents the results of the acoustic measurements of vessel sounds. The
objective was to obtain knowledge on each vessel’s radiated source level (1m from the source) in
the area of operation. A total of 10 vessels were involved in the Liberty survey. One additional
vessel, the ACS vessel Gwydyr Bay, substituted for a crew vessel for several days when crew
vessel repairs were required. Source level measurements were also obtained for this vessel.
Figure 3.11 shows some of the vessels that were involved in the seismic survey.

The vessel sound measurements were performed by Greeneridge Sciences Inc. and JASCO
Research under subcontract to LGL Alaska Research Associates Inc.

Equipment used: ASARSs

The ASAR-B’s used by Greeneridge are the same units described under the SSV
measurements (Section 3.1).

Equipment used. OBHSs

The underwater acoustic recording equipment used by JASCO is referred to as the Ocean
Bottom Hydrophone (OBH) system. Two OBH recorders were deployed on the sea bottom with
a 30 m (98 ft) sinking line attached to a Danforth anchor. A surface buoy was attached to the
Danforth anchor to facilitate retrieval of the OBHs (Figure 3.12). The separation of anchor and
OBH isolated the recorder from noise produced by movements of the float and surface line. A
frame was attached to the OBH prior to deployment to hold the OBH hydrophones approximately
20 cm (0.65 ft) off the seabed.

FIGURE 3.11 SUBSET OF VESSELS INVOLVED IN THE SEISMIC SURVEY. FROM LEFT TO RIGHT: QAYAQ SPIRIT, MARIAH B, CAPE
FEAR, RUMPLE MINZE, CANVASBACK, AND SLEEP ROBBER.
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Each OBH used two calibrated Reson hydrophones: a model TC4043 (nominal sensitivity -
201 dB re V/uPa) and a model TC4032 (nominal sensitivity -170 dB reV/pPa). Digital
recordings were obtained with Sound Devices model 722, 24-bit audio hard-drive recorders set to
sampling rate 48 kHz. The recorders had 40 GB hard drives that could store up to 37 hours of
continuous acoustic data on a single deployment. The hydrophone pressure sensitivities were
calibrated by the manufacturer (Reson) at 250 Hz and between 5 kHz and 80 kHz. The Sound
Devices digital recorders were calibrated in JASCO’s lab prior to being sent into the field. Field
calibrations were performed immediately prior to deployment and immediately after retrieval of
the OBHs, using a GRAS 42AC pistonphone calibrator. For the pistonphone calibrations, a Reson
TL8089 adapter was used with the Reson TC4032 hydrophone and a GRAS RA0043 adapter was
used with the TC4043 hydrophone. The combinations of pistonphones, adapters, and
hydrophones were pre-calibrated.

One minute pistonphone calibration signals at 250 Hz, with 0.1 dB accuracy, were
recorded on each deployment. The calibration signals were processed following the deployments
to obtain overall system gain values. The pre-deployment and post-deployment calibration gains
obtained this way differed by 0.3 dB. We expect accuracy conservatively to less than 1 decibel
for frequencies below 5 kHz, which is in the flattest frequency response region of both
hydrophones. This accuracy is based on the low-frequency spectral variation of calibration curves
provided by Reson for these hydrophones.

Field operations

Vessels traveled along a predetermined 2 km (1.2 mi) length track which roughly followed
a 6 m (20 ft) isobath, as illustrated in Figure 3.13 where track endpoints are denoted by Stations A
and C. Two acoustic recorders (either ASARs or OBHSs) were deployed near the midpoint of the
track at Station B. Different load conditions and traveling speeds were measured for each vessel
to assess variability in source levels.

FIGURE 3.12 AN OBH SYSTEM READY TO BE DEPLOYED.
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FIGURE 3.13 TRACKS FOR VESSEL MEASUREMENTS RELATIVE TO THE POST-SURVEY SEISMIC SURVEY AREA. RECORDERS WERE
DEPLOYED AT THE MIDPOINT OF THE TRACK, STATION B.

Source level measurements of the four bowpickers (Cape Fear, Canvasback, Rumple
Minze and Sleep Robber) were made at their normal operating or working speed (slow run) and
transiting speed (fast run). For the crew boat, the Qayaq Spirit, measurements were made for a
slow run and its normal operating or transiting speed (fast run). For the two seismic source
vessels, Peregrine and Miss Diane, “slow run” measurements were made at a traveling speed of
approximately 5.5 km/h (3 kts) and under loaded conditions with compressors running. The data
for these measurements were obtained from the SSV data, utilizing the received signals between
seismic pulses to characterize the cumulative sounds generated by the vessel. In addition, the
airgun boats ran the track for vessel measurements, traveling at typical transiting speeds without
airguns and compressors in operation (fast run).

During the ASAR deployment for the vessel source level measurements on 22 July, the
two recorders were programmed to provide simultaneous measurements of sound levels. For this
deployment, the two ASARSs, as expected, exhibited redundant data and, therefore, only acoustic
data from the first ASAR’s high-sensitivity hydrophone (ITC-8212) were employed to estimate
source levels. However, for the ASARs’ final deployment on 25 July, the two recorders were
programmed to record sequentially for 26 hours in an effort to maximize time available for the
vessels to complete their runs. Unfortunately, a battery failure during this final deployment on
one of the two ASARs resulted in loss of data for at least three vessels (Mariah B, Arctic Wolf,
and Sleep Robber) and for the fast runs of the Cape Fear and Peregrine.

Source level measurements of the vessels for which data was lost and of the remaining
vessels (the ACS vessel Gwydyr Bay and the recorder vessel-barge combination Alaganik/Hook
Point) were conducted on 11 and 12 August, using the OBH systems. The bowpicker Rumple
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Minze also ran the source level track on these dates, thus providing an additional set of
measurements for this vessel.

Source Level Analyses: ASARS

For the vessel sound measurements, non-overlapping data segments of 0.5 to 2 seconds in
duration, dependent upon the contiguous data available for a given run, were used to calculate a
broadband sound pressure level for each segment. Examples for each vessel and run type are
shown in the upper panels of Figures 3.14 through 3.23 where each triangular symbol represents a
single data segment. Broadband levels above background noise levels were then used to
characterize the vessel sounds by fitting them via the method of least squares to a propagation
model based upon logarithmic spreading loss:

RL=A+B-log(R)

where RL is the received level in units of dB re 1 pPa and R is the range to the source in m. The
constant term (A) is the hypothetical level 1 m (3.3 ft) from the source, extrapolated back to 1 m
range based on the above measurements. This hypothetical value would equal the actual level at
1 m only if the source were a point source and if transmission loss were consistent at all distances
from 1 m to the maximum measurement distance, neither of which is the case in practice. The
spreading loss term (B), which is negative, varies with the frequency content of the source as well
as waveguide characteristics such as water depth and seafloor composition.

Sea state during instrument deployments and recording periods was typically no greater
than sea state 2, with wind speeds less than 18.5 km/h (10 kts), significant wave heights less than
0.6 m (2 ft), and sea conditions ranging from calm to scattered whitecaps. Because the
measurements used in the linear regression analyses were well differentiated above background
noise levels, changes in ambient noise levels due to sea state would have no impact on estimated
vessel source levels.

The analyses incorporated only those measurements well above background noise levels
that better characterize vessel-generated sounds and also utilize additional nearfield
measurements for an improved regression fit.

Source Level Analyses: OBHs

The vessels GPS track log positions, interpolated to a higher resolution timescale, were
used to compute the distance from the vessel to the OBH location as a function of time for each
vessel run. Broadband rms sound pressure levels (SPL) were computed in 1-second time
windows. The sound recordings were time synchronized with a GPS time reading prior to
deployment and this allowed referencing of sound level directly to the corresponding vessel-to-
OBH distance.

Nominal relationships between SPL and distance were determined by fitting an empirical
sound pressure level curve to the data:

SPL = A + B Log(r) (Eq. 2)

where the A term in this type of fit is sometimes considered to represent the source level of the
vessel because it is the extrapolated level at the reference distance of 1 m from the source. There
are other similar approaches, such as back-propagating the closest distance measurement by 20
log (R), which is referred to as spherical spreading back-propagation. Both of these approaches
have limited accuracy in the shallow 6 m (20 ft) water depth at the measurement location. While
source level measurements should normally be made in deeper water, good higher frequency
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(>100 Hz) source levels can still be obtained in shallow water by back-propagating narrow
frequency band levels with computer acoustic propagation models. That has not been performed
for these measurements, and the value A from the empirical fits is reported as the respective
vessel source level.

More conservative estimates of vessel sound levels at distance have been calculated by
applying a shift to the best empirical fits so the resulting curves exceed 90 percent of the data
values. The shifted curves (dashed lines in the plots of the OBH results section) are referred to as
90th percentile fits.

Results Source Level Measurements: ASARS

For each vessel run recorded with the ASARs, broadband received sound levels (RL) are
plotted as a function of time, showing the peak RLs corresponding to the closest point of
approach (CPA). In addition, the RLs are shown as a function of distance from the vessel, for
which best fit regressions are computed separately for bow and stern aspect (Figures 3.14 to
3.23). Mean and standard deviation vessel speeds for all runs recorded with the ASARs, and a
summary of effective source levels, are detailed in Table 3.6.

TABLE 3.6 SUMMARY OF ESTIMATED VESSEL SOURCE LEVELS. VESSEL SPEEDS ARE MEAN VALUES * ONE STANDARD
DEVIATION (S.D.). EFFECTIVE SOURCE LEVELS (SL) ARE SHOWN FOR BOTH BOW AND STERN ASPECTS, BASED ON BEST FIT
MODELS. APPENDIX D CONTAINS VESSEL SPECIFICATIONS.

Slow Run Fast Run
Mean speed Effective SL of Mean speed  Effective SL of bow

+S.D. bow / stern aspects +S.D. / stern aspects

[kts] @ [dB re 1 yPa@1m] [kts] @ [dB re 1 yPa@1m]
Bowpickers
Rumple Minze 22+0.7 141.4/136.3 58+1.0 142.4/142.3
Canvasback 19+04 129.2/131.8 6.0+14 145.3/143.2
Cape Fear 1.6+0.5 131.1/138.2 —® —®
Crew Vessel
Qayaq Spirit 7.3+£0.7 151.0/148.8 20.7+4.3 184.7/184.3
Seiscmic source vessels
Miss Diane 24+0.7 158.1/155.1 © 6.1+0.9 165.7/163.1@
Peregrine 33+1.0 172.5/173.8© —® —®

@1 kts = 1.85 km/h
®) Recording ceased prior to the F/V Cape Fear’s and Peregrine’s fast runs.

© Airgun boat source levels for slow runs represent the normal operating conditions for seismic surveying; these
were estimated from between-airgun-pulse sound source verification measurements and, thus, include
COMpressor noise.

@ Airgun boat source levels for fast runs represent the unloaded transiting case and does not include compressor
noise.
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(A} M/V Rumple Minze: Slow Run, 2.2+ 0.7 kis
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(B) M/V Rumple Minze: Slow Run, 2.2+ 0.7 kts
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FIGURE 3.14 BROADBAND RECEIVED LEVELS (RLS) OF THE BOWPICKER F/V RUMPLE MINZE DURING ITS SLOW RUN, RECORDED
ON 22 JULY 2008, FOGGY ISLAND BAY. (A) RL AS A FUNCTION OF TIME, WITH PEAK RLS CORRESPONDING TO THE CPA. (B)
RLS AS A FUNCTION OF DISTANCE TO THE VESSEL. BEST FIT REGRESSIONS ARE COMPUTED SEPARATELY FOR BOW- AND STERN-
ASPECT DATA.
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(A) M/V Rumple Minze: Fast Run, 581 1.0 kis
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(B) M/V Rumple Minze: Fast Run, 5.81 1.0 kts
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FIGURE 3.15 BROADBAND RECEIVED LEVELS (RLS) OF THE BOWPICKER F/V RUMPLE MINZE DURING ITS FAST RUN, RECORDED
ON 22 JULY 2008, FOGGY ISLAND BAY. (A) RL AS A FUNCTION OF TIME, WITH PEAK RLS CORRESPONDING TO THE CPA. (B)
RLS AS A FUNCTION OF DISTANCE TO THE VESSEL. BEST FIT REGRESSIONS ARE COMPUTED SEPARATELY FOR BOW- AND STERN-
ASPECT DATA.
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(A) MV Canvasback: Slow Run, 1.9+ 0.4 kis
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(B) MV Canvasback: Slow Run, 1.9+ 0.4 kis
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FIGURE 3.16 BROADBAND RECEIVED LEVELS (RLS) OF THE BOWPICKER F/V CANVASBACK DURING ITS SLOW RUN, RECORDED
ON 25 JuLY 2008, FOGGY ISLAND BAY. (A) RL AS A FUNCTION OF TIME, WITH PEAK RLS CORRESPONDING TO THE CPA. (B)
RLS AS A FUNCTION OF DISTANCE TO THE VESSEL. BEST FIT REGRESSIONS ARE COMPUTED SEPARATELY FOR BOW- AND STERN-

ASPECT DATA.
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Received Level (dB re 11Pa)

Received Level (dB re 1 uPa)

(A) M/V Canvasback: Fast Run, 6.0+ 1.4 kis
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