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Executive Summary

Acoustic monitoring was conducted with two underwater, autonomous, acoustic recorders between 6 Jul
and 22 Sep, 2015 in Foggy Island Bay, AK. The monitoring occurred before, during and after a shallow
geohazard and ice gouge survey conducted by Hilcorp Alaska, LLC at their Liberty prospect. Hilcorp’s
survey employed a total of two vessels and sonar sources including single beam, multi-beam, and side
scan sonars and sub-bottom profilers. The sub-bottom profilers were the only sources that operated at
frequencies audible to marine mammals. The survey occurred over one week, between 12 and 19 Jul and
the sub-bottom profilers were active on 5 days, for a total of 14 hours during the survey.

The goals of the acoustic monitoring program were not to provide detailed sound source characterization
of the survey sources, rather to provide an acoustic characterization of the environment surrounding the
survey, including quantifying marine mammal occurrence, both during and after the survey. The acoustic
recorders were located at a minimum distance of 500 m from the survey activities, at 0.5 and 5 km range
offshore from the proposed Liberty Island location.

Detected marine mammal vocalizations included those from belugas and pinnipeds. Belugas were only
detected on five days and pinnipeds were detected more frequently (10 days on the nearshore recorder
and 66 days further from shore). Bearded seal vocalizations were detected on two days, with unidentified
pinnipeds comprising the remaining detections. The numbers of marine mammal vocalization detections
is consistent with the expected presence of marine mammals indicated by past visual observations and
tagging studies in the project area.

The median, broadband ambient sound levels recorded during the monitoring program were 96 and

98 dB re 1 yPa nearshore and further from shore, respectively. Statistical distribution of the ambient
sound levels with frequency generally followed the expected trends for weather-driven ambient sound
conditions with occasional influence from vessel noise. The levels were consistent with past data
collected at nearby locations. Average sound levels recorded on the AMARSs during Hilcorp’s survey were
no louder than those recorded after the survey completed. Vessel noise and noise from the sub-bottom
profiler were detectable during the survey. However, at the measurement locations (i.e. at ranges greater
than 500 m from the survey activities) these sources did not result in statistically notable sound level
excursions in excess of the measured variability of local non-survey sound levels due to weather events
or unrelated vessel noise. Noise from the survey vessels and sub-bottom profilers did not appreciably
alter the local soundscape measured at ranges greater than 500 m from the survey activities.
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1. Introduction

Hilcorp Alaska, LLC (Hilcorp) conducted a shallow geohazard and strudel scour survey (the “survey”) with
a transition zone component in United States (U.S.) federal and state waters of the Beaufort Sea during
the 2015 open water season. Survey data was acquired from 12 through 19 July. This survey was
conducted in support of the development of the Liberty field located in Foggy Island Bay.

The survey required two vessels and the use of underwater sonar sources that emitted high-frequency
sound into the water. Although underwater sound sources can potentially cause behavioral disturbance or
auditory injury (permanent or temporary) to marine mammals, existing measurements of underwater
noise from sources similar to those used in the survey indicated that the potential for such impacts was
limited to areas very near to the sources (within 50 m range). Hilcorp obtained authorizations from the
National Marine Fisheries Service (NMFS), the U.S. Fish and Wildlife Service and the North Slope
Borough to conduct the survey, subject to implementation of mitigation measures that prevented acoustic
impacts at ranges close to the sources. Because the region of potential impact was relatively small and
potential impacts were mitigatable, the authorizing agencies did not require that Hilcorp conduct a sound
source characterization of the survey sources. Instead, an acoustic monitoring program was designed to
address knowledge gaps about ambient sound levels around the survey area and the presence,
distribution, and migration paths of marine mammal species occurring near the Liberty field. This report
provides results from that acoustic monitoring program.

Three months of autonomous passive acoustic data were collected using two Autonomous Multichannel
Acoustic Recorders (AMARs, JASCO Applied Sciences) that were deployed from 6 Jul to 22 Sep. The
AMARSs recorded acoustic data from distances greater than 500 m from the survey activities, at 0.5 and
5 km range offshore from the proposed Liberty Island location. The acoustic data were processed to
characterize the ambient sound levels and the presence of marine mammals including bowheads,
belugas, and seals. Long-range propagation of sounds from the survey was assessed through
examination of the sound levels received during the survey relative to the ambient noise data collected
outside of the survey times.

1.1. Background

The Liberty reservoir is located in U.S. federal waters in Foggy Island Bay about 8 miles (mi) east of the
Endicott Satellite Drilling Island (SDI). The depth and distribution of ice gouges into the seabed and the
existence and location of archaeological resources (site clearance) were investigated with strudel scour
and shallow hazard surveys focused on the upper 1,000 m (3,280 ft) of the seabed within select areas of
interest near offshore drilling locations and proposed pipeline corridors.

Various types of equipment were used in the survey: single-beam and multi-beam echosounders, side-
scan sonar, high and low resolution sub-bottom profilers, and a magnetometer. Sonar equipment emitted
very high to low frequency continuous acoustic sounds on limited areas of the ocean bottom and
intermediate water column. The operating frequencies of the multi-beam, single-beam, and side-scan
sonar equipment were outside the functional hearing ranges of all marine mammals (Table 1, Southall et
al. 2007). Sound generated by the sub-bottom profilers, however, was within the hearing range of all
marine mammal species found in the project area (Southall et al. 2007). Measurements of a similar sub-
bottom profiler, collected at a deeper water location compared to this survey (36 m water depth), yielded
sound pressure levels of 160, 180, and 190 dB re 1 pyPa to a distance and depth of 30 m (100 ft) from the
source (Warner and McCrodan 2011).
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Table 1 Client provided specifications for sonar sources used during the survey.

Operating | Horizontal |  Vertical

Sound Source Frequency | beamwidth | beamwidth MU ERIED ) | T RS D

(kHz) (degrees) | (degrees) (B e @ ) 2]
Edgetech 3200 high-resolution » . . .
(CHIRP) sub-bottom profiler 2-24 15-24 15-24 210 3-10
Applieq Acoustics AA251 Ipw- 1-4 N/A N/A 212 7
resolution sub-bottom profiler
Odom single-beam echosounder 210 3 3 220 20
Norbit iIWBMS multi-beam 400 19 0.9 218 40
echosounder
Edgetech 4125 side scan sonar 400 /900 05 50 215 75

Hilcorp was permitted to conduct the survey within a 6.5 km? (2.5 mi?) area, which included 483 km

(300 mi) of planned survey lines. The specific area surveyed was the proposed Liberty Island pipeline
route, a 600 m (1,969 ft) wide corridor located 17 km (11 mi) southeast of Endicott and extending from the
proposed Liberty Island locationto shore. Water depths in the survey area ranged from 1 to 13 m (3 to

42 ft). The project vessel started sonar testing on 9 July; survey data acquisition occurred from 12
through 19 July. The survey vessel covered 729 km (452 mi), the vessel tracks are shown in Figure 1
(from Cate et al. 2015), whichalso shows the survey project area, between 70°12.0'N and 70°17.0'N and
between 147°32.0'W and 147°46.0'W. The vessel tracks in the figure includes lines for activities
conducted outside of the project area, such as vessel transit, and other vessel movements for project
support and logistics

Version 1.1 3
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Figure 1. Project Area Boundary and vessel activity (Cate et al. 2015).

1.2. Acoustic Monitoring Study

In conjunction with the survey, passive acoustic monitoring data were collected by JASCO Applied
Sciences (Alaska), Inc. (JASCO). This acoustic monitoring was conducted to fulfill NMFS requirements for
collecting data to assist with assessing effects from industry on the marine environment and the
availability of local subsistence resources. The goals of the acoustic monitoring were to document
ambient noise conditions, to characterize the long-range propagation of sounds produced during the
survey, and to examine the spatial and temporal distribution of marine mammals based on acoustic
detections of their vocalizations. JASCO used two AMARS to measure underwater sounds; the AMARS
were in place before the survey began and retrieved at the end of the open water season.

Current knowledge on marine mammal presence and distribution in this area is largely derived from visual
surveys. This acoustic monitoring study augments the visual survey data to help address knowledge gaps
about spatial and temporal distributions, habitat use, calling behavior, and migration paths of several
marine mammal species in this area.

1.3. Marine Mammal Activity in the Project Area

The most common marine mammal species located in the Beaufort Sea are the bowhead whale (Balaena
mysticetus), gray whale (Eschrichtius robustus), beluga whale (Delphinapterus leucas), bearded seal
(Erignathus barbatus), ringed seal (Phoca hispida), spotted seal (Phoca largha) and Pacific walrus
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(Odobenus rosmarus divergens). Polar bears (Ursus maritimus) are also present in the area but due to
their limited reliance on underwater communication, they are not considered in this underwater noise
report.

1.3.1. Bowhead whales

Bowhead whales are circumpolar, ranging throughout high latitudes in the Northern Hemisphere. The
Western Arctic stock is the largest of four bowhead stocks recognized worldwide by the International
Whaling Commission (IWC 2010, Allen and Angliss 2015) and is found throughout the Bering, Chukchi,
and Beaufort seas.

The Western Arctic stock migrates annually from wintering areas (December to March) in the Bering Sea,
through the Chukchi Sea in the spring following open ice leads (April through May). The stock then feeds
in the Canadian Beaufort Sea where they spend much of the summer (June through early to mid-
October) before returning again to the Bering Sea in the fall (September through December) to overwinter
(Braham et al. 1980, Braham et al. 1984, Moore and Reeves 1993, Rugh et al. 2003, Quakenbush et al.
2010, Allen and Angliss 2015). Citta et al. (2015) reported that most of Bering-Chuchki-Beaufort Seas
bowhead whales (tagged animals) migrate past Point Barrow, toward Cape Bathurst, in spring. Between
mid-July to late September most tagged whales are located in shallow shelf waters adjacent to the
Tuktoyaktuk Peninsula. The project area is not identified as a core-use area (area of concentrated use)
for this species (Citta et al. 2015). The Bering-Chukchi-Beaufort Seas bowhead whale population was
estimated at 16,892 in 2011 (Givens et al. 2013).

1.3.2. Gray whales

Most whales in the eastern North Pacific population feed from late May to early October in the Chukchi,
Beaufort, and northwestern Bering Seas (Rice and Wolman 1971, Nerini 1984, Rice 1998, Moore et al.
2003) then move to their breeding and calving areas in Baja California and Mexico (Rice and Wolman
1971, Rice et al. 1981, Allen and Angliss 2015). Typically, gray whales inhabit shallow water, remaining
closer to shore than any other large cetacean throughout the year. Thus, they are considered common
summer residents in the nearshore waters of the Beaufort Sea. The most recent population estimate from
abundance counts in 2006/2007 was approximately 19,000 whales (Laake et al. 2012).

1.3.3. Beluga whales

Of the five beluga stocks present in Alaska (O'Corry-Crowe et al. 1997, Allen and Angliss 2015), the
Beaufort Sea and Eastern Chukchi Sea stocks have been documented within the project area boundary.
Both stocks are thought to overlap in the Beaufort Sea, though most individuals observed during the
project are likely from the Beaufort Sea stock.

The general distribution pattern for beluga whales shows major seasonal changes. During the winter, they
occur in offshore waters associated with pack ice. Both stocks winter in the Bering Sea (Suydam et al.
2001, Allen and Angliss 2015). In the spring, Beaufort Sea stock migrate to warmer coastal estuaries,
bays, and rivers where they molt and give birth to and care for their calves (Allen and Angliss 2015).
Suydam et al. (2001) reported that during summer, tagged Eastern Chukchi beluga whales moved to
deep offshore waters (about 3,000 m) with heavy ice cover (more than 90%).

1.3.4. Ringed seals

Ringed seals have a circumpolar distribution; the subspecies Phoca hispida hispida is present in the
Arctic Ocean and Bering Sea. Ringed seals tend to prefer large ice floes and often inhabit interior pack
ice where sea ice covers over 90 percent of the water (Simpkins et al. 2003, Kelly et al. 2010b). Ringed
seals are year-round residents in the Beaufort, Chukchi, and Bering Seas and move seasonally
coinciding with ice melting and retreating (Burns 1970, Frost and Lowry 1984, Frost 1985, Freitas et al.
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2008, Kelly et al. 2010b, Crawford et al. 2012, Harwood et al. 2012b). Studies using satellite tracked
animals have revealed seasonal differences in habitat use strategies (Crawford et al. 2012), notably
relatively restricted movements in winter and early spring (Kelly et al. 2010a) and extensive migrations
during fall and winter (Harwood et al. 2012a).

1.3.5. Spotted seals

Spotted seals are distributed along the continental shelf of the Bering, Chukchi, and Beaufort Seas, and
the Sea of Okhotsk south to the western Sea of Japan and northern Yellow Sea. Spotted seals that
inhabit the Beaufort Sea belong to the Bering Distinct Population Segment (Allen and Angliss 2015).
Spotted seals are coastal pinnipeds that summer in nearshore areas in the Beaufort, Bering, and Chukchi
Seas and winter along the ice edge in the Bering Sea (Quakenbush 1988, Lowry et al. 1998, Simpkins et
al. 2003). A satellite-tagged spotted seal moved from Kasegaluk Lagoon to Smith Bay and back between
August and September (Lowry et al. 1998).

1.3.6. Bearded seals

Bearded seals have a circumpolar distribution throughout the Arctic. The Beringia population occurs in
the northern Bering, Chukchi, and Beaufort Seas (Mansfield 1967). Bearded seals winter in the Bering
Sea along the ice front, but then move north in the spring with the receding ice edge (Burns 1981, Allen
and Angliss 2015). During summer, populations are present in both the Chukchi and Beaufort Seas in
high ice coverage areas along the pack ice edge (Burns 1981, Simpkins et al. 2003, Bengston et al. 2005,
Laidre et al. 2008, Allen and Angliss 2015). In the Beaufort Sea, bearded seals were vocally present year-
round (Maclntyre et al. 2013).

1.3.7. Walrus

Pacific walrus migrate between the Chukchi and Bering Seas with the seasonal melting and accretion of
sea ice each year (Jay et al. 2012). After wintering in the Bering Sea (Jay and Hills 2005), walruses move
to Chukchi Sea in May with the formation of open leads in sea ice north of the Bering Strait and a major
ice flaw along the northwestern coast of Alaska (Fay 1982). During summer, walruses continued to move
northward into the eastern Chukchi Sea and in the western Chukchi Sea (Fay 1982). In fall, starting in
October, walruses migrated southward and by November, most of the population occurred south of the
Bering Strait. Although unusual in the Liberty project area, occasional takes of walrus have been reported
by Cross Island hunters and walruses have been observed beaching at the Endicott and Northstar
facilities (B. Streever, 2016 pers. comm.).
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Table 2. Known marine mammal species in the project area: their occurrence and the characteristics of
the main underwater sounds they produce. Status assessment by the Marine Mammal Protection Act
(MMPA), Endangered Species Act (ESA), and Federal Register (FR).

Main period of

Dominant vocalization

Species  residency in the frequency ranae Reference MMPA ESA FR
Beaufort Sea q yrang
Baleen whales
Bowhead Clark and Johnson Endangered
whale June to October 100-400 Hz (moans) (1984) Protected | Endangered (35 FR 18319)
Crane and Lashkari
Gray whale late May to early | < 1 kHz (m.oans, pulses (1996), Stafford et al. | Protected
October and bonging sounds)
(2007b)
Beluga . > 1 kHz (Whistles and Chmelnitsky and
whale Spring/Summer pulsed/noisy calls) Ferguson (2012) Protected
Pinnipeds
Ringed ) . Stirling (1973), Threatened
seal Year-round 10-1500 Hz Jones et al. (2014) Protected | Threatened (77 FR 76705)
Sg;tted Summer Not well characterized Protected
Bearded Risch et al. (2007),
Summer 10-11000 Hz Frouin-Mouy et al. | Protected
seal
(2015)
i (Schusterman and Candidate for
Walrus Summer (rare) 10-20000 Hz Reichmuth 2008) isting
Version 1.1 7
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2. Methods

Underwater sound was recorded at two stations for nearly three months from 6 Jul to 22 Sep 2015.
JASCO's automated marine mammal detection and classification algorithms were applied to the data to
guantify marine mammal vocalizations. Automated analysis also quantified ambient noise levels and
statistics for sounds recorded on each AMAR.

2.1. Acoustic Data Acquisition

Acoustic data were acquired using two Autonomous Multi-Channel Acoustic Recorders (AMARs, JASCO
Applied Sciences). Twenty-four bit samples were recorded on 1.8 TB of internal solid-state memory. Each
AMAR (Figure 2) was fitted with an HTI-99-HF omnidirectional hydrophone (High Tech, Inc.; =164 dB re

1 V/uPa nominal sensitivity). AMAR 1 sampled at 64 ksps (10 Hz to 32 kHz acoustic recording bandwidth)
continuously. AMAR 2 recorded in consecutive 30-minute cycles where 24-bit samples were recorded at
64 ksps for the first 28 minutes and then 16-bit samples were recorded at 375 ksps for the last 2 minutes.
The higher sample rate data from AMAR 2 provided an acoustic recording bandwidth of 10 to 187.5 kHz;
these data were analyzed for high-frequency beluga whale clicks and whistles that would not be
detectable in data recorded at the lower sample rate. This duty cycle was chosen to optimize the
recording duration given the available memory capacity of the recorder. The high-frequency duty cycle
configuration was not implemented on AMAR 1 such that it would record a complete record of
uninterrupted, high-resolution (24-bit) acoustic data.

Figure 2. Left: Autonomous Multichannel Acoustic Recorder (AMAR; JASCO Applied Sciences). Right:
Assembled AMAR just prior to deployment with frame, hydrophone shroud, ground line and anchor.

The recorders were deployed near the Liberty prospect and were aligned with the survey line, at nominal
distances of 500 and 5000 m from the offshore end of the survey line for AMARs 1 and 2, respectively
(Figure 3 and Table 3). The recorders were inside the barrier islands, an area where we do not expect
there to be many bowhead or beluga whale detections. Each AMAR was moored on the seafloor under its
own weight and was housed in a frame to elevate the hydrophone above the sediment (Figure 2). Each
frame was connected to a ground line used to retrieve equipment by grappling (Figure 5).

Each mooring was comprised of:
e An AMAR with square frame
e 100 m sinking ground line

e A 10 Ib anchor weight

All mooring components were acoustically isolated to minimize noise induced by the mooring. The
hydrophone was placed in a cage covered by a shroud to minimize flow noise.

Version 1.1 8



JASCQ APPLIED SCIENCES Passive Acoustic Monitoring Study

Table 3. Deployment and retrieval dates and deployment locations of the acoustic recorders. AMARSs 1
and 2 were still recording upon retrieval.

Station = Latitude Longitude | Depth (m) Deployed Retrieved

AMAR 1|70° 16.739'N | 147° 34.757' W 7.0 6 Jul 2015 | 22 Sep 2015
AMAR 2 |70° 18.870' N | 147° 31.595' W 72 6 Jul 2015 | 22 Sep 2015

147°50'0"W 147°40'0"W 147°30'0"W 147°20'0"W 147°10'0"W
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4

70°20'0"N 70°25'0"N
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Figure 3. Acoustic monitoring area and AMAR locations relative to tracks along which the sub-bottom
profiler was active.
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Figure 4. M/V Journey was used to deploy and retrieve AMARs (www.hdradvantage.com).

G2 JASCO AMAR: 21 kg, $8.25" x 36"
OR G3 JASCO AMAR 2X: 27 kg, ¥6.5" x 44"
Collar Assembly: 17" x 17"

Anchor Weight:
101b [4.5 kg]

Fix Ground Line to AMAR D-Ring
(Refer to assembly photos for
configuration details)

Fix Ground Line to Anchor
(Refer to assembly photos for
configuration details)

Ground Line:
3/8" [10mm] Polyspec [Novabraid]
Length: See table provided
Minimum of 250' [75m]

Figure 5. Autonomous Multichannel Acoustic Recorder (AMAR) with frame, ground line, and anchor. This
design allows the AMAR to be retrieved by grappling.
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2.2. Data Analysis

Acoustic data were analyzed using a combination of automated and manual techniques. Ocean sound
levels and the proportion to which anthropogenic activities contributed to them were quantified using
automated procedures (Section 2.2.2). Statistics (Appendix A.3) were computed to characterize the
ocean noise when the survey occurred and when no survey activities took place.

Marine mammal calls were detected and classified both manually and with JASCO’s automated acoustic
analysis software suite (Sections 2.2.1 and 2.2.2, respectively). Aside from establishing the acoustic
occurrence of animals, manual analysis was performed to identify call types and to verify that the
automated detector did not miss the presence of vocalizing target species. Because of their conservation
status and their importance to the Beaufort Sea communities, both manual and specialized automated
approaches were used for bowhead and beluga whale. A walrus grunt detector/classifier was used to
evaluate the vocal presence of this species. Bearded seal calls were detected with a generic automated
detector and by manually analyzing the calls. Calls of other species were detected by manually analyzing
5% of the recorded data.

2.2.1. Manual data analysis

Marine mammal call detections were analyzed using JASCO’s SpectroPlotter, customized software that
standardizes annotations and approaches among analysts. Three trained analysts visually examined
spectrograms in SpectroPlotter and, when needed, by simultaneously listening to audio playbacks. Two
analysts had several years of experience classifying Arctic ma