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Summary

SUMMARY

Statoil plans to conduct a 3D marine seismic survey in the Chukchi Sea during the open water
season of 2010. This survey will use two towed airgun array consisting of 26 active (10 spare)
airguns with a maximum discharge volume of 3000 cubic inch (in®). The proposed 3D survey will
take place in a 915 mi? (2,370 km?) survey area ~150 mi (241 km) west of Barrow in water depth of
~100-165 ft (30-50 m). The seismic survey is designed to collect 3D data of the deep sub-surface in
Statoil’s Chukchi leases in support of future oil and gas development within the area of coverage.
The data will help identify source rocks, migration pathways, and play types. In addition, a 2D tie
line survey has been designed as a second priority program to acquire useful information in the
region. The four stand alone 2D lines (with a total length of ~ 420 mi or 675 km) are designed to tie
the details of the new high resolution 3D image to the surrounding regional geology to facilitate
interpretation of more regional trends. The number of 2D km acquired will to some degree be
dependent on the 2010 season’s restrictive ice coverage and the 3D data acquisition progress. Statoil
requests that it be issued an Incidental Harassment Authorization (IHA) allowing non-lethal
harassment of marine mammals for their Chukchi lease area including the indicated 2D lines that
might or might not be acquired dependent on the 2010 seasonal ice coverage. This request is
submitted pursuant to Section 101 (a) (5) (D) of the Marine Mammal Protection Act (MMPA), 16
U.S.C. 81371 (a) (5).

Nine species of cetaceans are known to occur in the Chukchi Sea. Three species (bowhead,
fin, and humpback whales) are listed as endangered under the ESA. Four of the nine species
(bowhead, beluga, and gray whales, and harbor porpoise) are likely to be encountered during the
proposed survey activities. The other five cetacean species could occur in the Chukchi Sea, but each
of these species is rare or extralimital and unlikely to be encountered in the proposed survey area. In
addition, four pinniped species (not including Pacific walrus) may be encountered in the Chukchi
Sea. Statoil is proposing a marine mammal monitoring and mitigation program to minimize the
impacts of the proposed activity on marine mammals during the proposed exploration activity, and to
document the nature and extent of any effects.

The items required to be addressed pursuant to 50 C.F.R. §216.104, “Submission of Requests”
are set forth below. This includes descriptions of the specific operations to be conducted, the marine
mammals occurring in the study area, proposed measures to mitigate against any potential injurious
effects on marine mammals, and a plan to monitor behavioral effects of marine mammals from the
planned seismic survey. A Letter of Authorization will be submitted separately to the U.S. Fish &
Wildlife Service with regard to potential effects on species managed by USFWS - the walrus and
polar bear.



I. Operations to be Conducted

I. OPERATIONS TO BE CONDUCTED

A detailed description of the specific activity or class of activities that can be expected to result in
incidental taking of marine mammals.

Statoil plans to conduct geophysical data acquisition activities in the Chukchi Sea in the period
15 July through 30 November 2010. Data acquisition is expected to take ~60 days (including
anticipated downtime), but the total period for this request is from 15 July through 30 November to
allow for unexpected downtime. The project area encompasses ~915 mi? (2,370 km?) in Statoil lease
holdings in the MMS OCS Lease Sale 193 area in the northern Chukchi Sea (Figure 1). The
activities consist of 3D seismic data acquisition and a 2D tie line survey as a second priority
program. This section provides details about the operations to be conducted and Section 2
summarizes details on the project area, survey period and duration.

1. PURPOSE

Statoil acquired 16 leases in the Chukchi Sea during Lease Sale 193 held in February 2008.
The lease areas in which the proposed 3D seismic survey is planned are located ~150 mi (240 km)
west of Barrow and ~100 mi (160 km) northwest of Wainwright. The four 2D seismic tracklines run
through that same area to four different well sites with known geological information. All planned
geophysical data acquisition activities will be conducted by Statoil’s seismic contractor, Fugro
Geoteam, Inc.

The purpose of the proposed 3D seismic survey is to collect seismic reflection data that reveal
the sub-bottom profile for assessments of petroleum reserves in the area. Ultra-deep 3D lines such as
those to be collected, will be used to better evaluate the evolution of the petroleum system at the
basin level, including identifying source rocks, migration pathways, and play types. A 2D tie line
survey has been designed as a second priority program to allow the vessel to acquire useful
information in the region. The main goal of the 2D lines is to acquire information that allows to tie-
in the details of the new high resolution 3D image to known surrounding regional geology.

2. VESSEL MOVEMENTS

The proposed survey will take place offshore in the Chukchi Sea. The vessels involved in the
seismic survey activities will consist of at least three vessels as listed below. Specifications of these
vessels (or equivalent vessels if availability changes) are provided in Appendix A.

e One (1) seismic source vessel, the M/V Geo Celtic or similar equipped vessel, to tow the
two 3000 in® airgun arrays and hydrophone streamer for the 3D (and 2D) seismic data
acquisition and to serve as a platform for marine mammal monitoring;

e One (1) chase/monitoring vessel, the M/V Tanux | or similar equipped vessel, for marine
mammal monitoring, crew transfer, support and supply duties.

e One (1) chase/monitoring vessel, the R/V Norseman or similar equipped vessel, for marine
mammal monitoring, support and supply duties.

Sound source verification measurements will be conducted from one of the chase/monitoring
vessels.
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I. Operations to be Conducted

Depending on ice conditions, the seismic vessel M/V Geo Celtic, and the two chase/monitoring
vessel M/V Tanux | and R/V Norseman will mobilize from Dutch Harbor and travel to the Chukchi
Sea survey area ~mid/end July. The anticipated transit time is ~5 days (weather depending).
Directly upon arrival in the survey area, depending on ice conditions, the M/V Geo Celtic will deploy
the airgun array and start operating their guns for the purpose of sound source verification
measurements. An environmental awareness training program is planned prior to travel to the project
site, in order to make the participating vessels with its entire crew, aware of the environmental
sensitivity and the general and specific regulation applicable to this survey.

The M/V Geo Celtic, and chase/monitoring vessels will be self-contained and the crew will
live aboard the vessels. Crew changes are planned to be conducted with one of the chase/monitoring
vessels at least once during the survey. Nome will be the principal port for resupply, refueling, and
crew changes. However, it is possible that under certain circumstances these activities might have to
be conducted through Barrow or Wainwright. Emergencies will be covered by a search and rescue
(SAR) helicopter stationed in Barrow. The M/V Geo Celtic will serve as the platform from which
vessel-based marine mammal observers will watch for marine mammals during the transit to the
survey area, airgun operations, and transit to the demobilization port. Two chase/monitoring vessels
will be used to protect the streamer from damage, for supply and support and for monitoring
activities as required. All chase/monitoring vessels will have MMOs onboard and will assist with the
implementation of mitigation measures as described in Section XI. Chase/monitoring vessels will
not be introducing sounds into the water beyond those associated with normal vessel operations.

3. SURVEY DETAILS

The entire 3D program, if it can be completed, will consist of ~3,100 mi (4,990 km) of
production line, not including line turns. Water depth within the study area is ~100-165 ft (30-50
m). The 3D seismic data acquisition will be conducted from the M/V Geo Celtic. The M/V Geo
Celtic will tow two identical airgun arrays at ~20 ft (6 m) depth and at a distance of ~902 ft (275 m)
behind the vessel. Each array is composed of three strings for a total of 26 active G-guns (4x60 in®,
8x70 in®, 6x100 in®, 4x150 in®, and 4x250 in®) with a total discharge volume of 3000 in®. Each array
also consists of 5 clusters of 10 inactive airguns that will be used as spares. One of the smallest guns
in the array (60 in®) will be used as the mitigation gun. More details of the airgun array and its
components are described in Appendix B. In addition to the airgun array, pinger systems (ION
Digirange 11, or similar systems) will be used to position the streamer array relative to the vessel.

The vessel will travel along pre-determined lines at a speed of ~4-5 knots while one of the
airgun arrays discharges every ~8-10 seconds (shot interval ~61.52 ft [18.75 m]). The streamer
hydrophone array will consist of twelve streamers of up to ~2.2 mi (4 km) in length, with a total of
20,000-25,000 hydrophones at 6.6 ft (2 m) spacing. This large hydrophone streamer receiver array,
designed to maximize efficiency and minimize the number of source points, will receive the reflected
signals from the airgun array and transfer the data to an on-board processing system.

A 2D tie line survey has been designed as a second priority program to allow the vessel to
acquire useful information in the region. The four stand alone 2D lines have a total length of ~ 420
mi (675 km) and are designed to tie the details of the new high resolution 3D image to known
surrounding regional geology (Figure 1).



Il. Dates, Duration, and Region of Activity

II. DATES, DURATION, AND REGION OF ACTIVITY

\ The date(s) and duration of such activity and the specific geographical region where it will occur.

The primary interest of the proposed seismic survey is to obtain more details of the geologic
subsurface formations of the 16 Statoil Chukchi leases (Figure 1). To achieve full data coverage in
the 3D survey area of interest a larger zone needs to be surveyed to account for accurate migration of
acoustic reflections. The size of the 3D survey area has been reduced to an absolute minimum and
covers 915 mi® or 2,370 km?. The approximate boundaries of the total surface area are between 71°
30’ N and 72° 00’ N and between 165° W and 162° 30 W. The water depth in the survey area varies
from 100 to 165 ft (30 to 50 m). A total of four 2D well tie lines with a total length of ~420 mi (675
km) are included in the survey plan as a second priority program.

The M/V Geo Celtic, or similar vessel, will arrive in Dutch Harbor ~mid July 2010. The
vessels will be resupplied and the crew changed at this port. Depending on ice conditions, all three
vessels will depart Dutch Harbor around mid/end July with an expected transit time of ~5 days
(weather depending). Directly upon arrival in the 3D survey area, depending on ice conditions, the
M/V Geo Celtic will deploy the airgun array and start operating their guns for the purpose of sound
source verification measurements (see Section XI and XIII for more details). The startup date of
seismic data acquisition is expected to be early/mid August but depends on local ice conditions.

Upon completion of these measurements the seismic data acquisition in the Chukchi Sea will
start and, depending on the start date, is expected to be completed in the first half of October. This is
based on an estimated duration of 60 days from first to last shotpoint (including anticipated
downtime). The data acquisition is a 24-hour operation.

II1. SPECIES AND NUMBERS OF MARINE MAMMALS IN AREA

\ The species and numbers of marine mammals likely to be found within the activity area.

Marine mammal species under the jurisdiction of NMFS which are known to or may occur in
the seismic survey area include nine cetacean species and four species of pinnipeds (Table 1). Three
cetacean species, the bowhead, humpback and fin whales, are listed as Endangered under the ESA.
The bowhead whale is more common in the survey area than the other two endangered species. Fin
whale sightings are uncommon and this species is therefore unlikely to be encountered in the
proposed survey area in the Chukchi Sea. Humpback whales are also uncommon in the Chukchi Sea.
Most recent records include three humpback sightings during a vessel-based survey in the Chukchi
Sea in 2007 and one sighting in 2008 (Haley et al. 2009a). Three other cetacean species (minke
whale, Kkiller whale and narwhal) and one pinniped species (ribbon seal) could occur in the area but
are rare or extralimital in the Chukchi Sea. Based on the foregoing, the marine mammal species
under NMFS jurisdiction most likely to occur in the seismic survey area include four cetacean
species (beluga, bowhead, and gray whales, and harbor porpoise), and three pinniped species (ringed,
bearded, and spotted seals).

To avoid redundancy, we have included the required information about the species and (insofar
as it is known) numbers of these species in Section IV, below.



IV. Status, Distribution and Seasonal Distribution of Affected Species or Stocks of Marine Mammals

IV. STATUS, DISTRIBUTION AND SEASONAL DISTRIBUTION OF
AFFECTED SPECIES OR STOCKS OF MARINE MAMMALS

A description of the status, distribution, and seasonal distribution (when applicable) of the affected
species or stocks of marine mammals likely to be affected by such activities

Sections 111 and IV are integrated here to minimize repetition.

The marine mammal species under NMFS jurisdiction most likely to occur in the seismic
survey area include four cetacean species (beluga, bowhead, and gray whales, and harbor porpoise),
and three pinniped species (ringed, bearded, and spotted seals). Most encounters are likely to occur
in nearshore shelf habitats or along the ice edge. Of all species, the ringed seal is most widely
distributed (in space and time) and therefore most likely to be encountered during the proposed
seismic survey activities. Encounters with other species, such as bowhead and gray whales are
expected to be limited to particular regions and seasons, as discussed below.

Five additional cetacean species—the narwhal, killer whale, minke whale, humpback whale,
and fin whale—could occur in the project area, but each of these species is uncommon or rare in the
Chukchi Sea and relatively few encounters with these species are expected during the seismic
program. The narwhal occurs in Canadian waters and occasionally in the Beaufort Sea, but is rare
there and not expected to be encountered at all in the Chukchi Sea.

TABLE 1. The habitat, abundance (in Alaska or the north Chukchi Sea if available), and conservation status of
marine mammals inhabiting the proposed survey area.

Species Abundance Habitat ESA’ IUCN?  CITES®
Odontocetes

Beluga whale(Delphinapterus

leucas)

Beaufort Sea stock 39,2584 Offshore, Coastal, Ice Not listed NT Il

Eastern Chukchi Sea stock 3,710° edges

Narwhal (Monodon monoceros) Rare® Offshore, Ice edge Not listed NT Il

Killer whale (Orcinus orca) Rare Widely distributed Not listed DD Il

Harbor Porpoise (Phocoena
phocoena)

Bering Sea stock 48 215° Coastal, inland waters,

shallow offshore waters Not listed LC I




IV. Status, Distribution and Seasonal Distribution of Affected Species or Stocks of Marine Mammals

TABLE 1. Continued.

Mysticetes

Bowhead whale (Balaena

mysticetus)

Bering-Chukchi-Beaufort stock 11,800" Pack ice & coastal Endangered LR-cd I

Gray whale (Eschrichtius robustus)

. . 8

easter Pacific population 488 9 Coastal, lagoons Not listed LC |
20,110

Minke whale (Balaenoptera Small

acutorostrata) Shelf, coastal Not listed LC |
numbers

Fin whale (Balaenoptera physalus) Rare in Slope, mostly pelagic Endangered EN

Chukchi
Humpback whale (Megaptera
E?)\;?he?’r;?:lilf?cez)opulation Rare Shelf, coastal Endangered LC |
Pinnipeds
Bearded seal (Erignathus barbatus)
Alaska population 250,000 - In review for
300,000™ Pack ice, open water listing LC -
Eastern Chukchi Sea population 4,86311
~59,214%? Pack ice, open water, )
Spotted seal (Phoca largha) 101,568 coastal haulouts Not listed DD -
Ringed seal (Phoca hispida)
Bering/Chukchi Sea stock 230,673" Landfast & In review for LC _
Beaufort Sea stock 326,500"° pack ice, open water listing
Ribbon seal
(Histriophoca fasciata) 90-100,000"° Pack ice, open water Not listed DD -

'U.S. Endangered Species Act.

2 JUCN 2009. IUCN Red List of Threatened Species. Version 2009.2. <www.iucnredlist.org>. Codes for IUCN classifications: EN =
Endangered; LR = Lower Risk (-cd = conservation dependent); NT = Near Threatened; LC = Least Concern; DD = Data Deficient.
Category descriptions can be found at http://www.iucnredlist.org/apps/redlist/static/cateqories_criteria_3 1#categories

% Convention on International Trade in Endangered Species of Wild Fauna and Flora (UNEP-WCMC 2004).

* IWC 2000, Angliss and Allen 2009

® Angliss and Allen 2009

® Population in Baffin Bay and the Canadian arctic archipelago is ~60,000 (DFO 2004); very few enter the Beaufort Sea.

72004 Population estimate from photo-identification data (Koski et al. 2009).

8 Southern Chukchi Sea and northern Bering Sea (Clark and Moore 2002).

° North Pacific gray whale population (Rugh 2003 in Keller and Gerber 2004); see also Rugh et al. (2005).

10 Bering-Chukchi Sea population (Angliss and Allen 2009).

! Eastern Chukchi Sea population (NMML, unpublished data).

2 Alaskan population (Rugh et al. 1995, cited in Angliss and Allen 2009).

'3 Eastern and Central Bering Sea (Boveng et al. 2009).

* Average Bering/Chukchi Sea population (Bengtson et al. 2005)

!5 Alaskan Beaufort Sea population estimate (Amstrup 1995).

'® Burns, J.J. 1981a.
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IV. Status, Distribution and Seasonal Distribution of Affected Species or Stocks of Marine Mammals

1. ODONTOCETES (TOOTHED WHALES)

Beluga (Delphinapterus leucas)

Beluga whale is an arctic and subarctic species that includes several populations in Alaska and
northern European waters. It has a circumpolar distribution in the Northern Hemisphere and occurs
between 50° and 80°N (Reeves et al. 2002). It is distributed in seasonally ice-covered seas and
migrates to warmer coastal estuaries, bays, and rivers in summer for molting (Finley 1982).

In Alaska, beluga whales comprise five distinct stocks: Beaufort Sea, eastern Chukchi Sea,
eastern Bering Sea, Bristol Bay, and Cook Inlet (O’Corry-Crowe et al. 1997). For the proposed
project, only animals from the Beaufort Sea stock and eastern Chukchi Sea stock may be
encountered. Some eastern Chukchi Sea animals enter the Beaufort Sea in late summer (Suydam et
al. 2005).

The Beaufort Sea population was estimated to contain 39,258 individuals as of 1992 (Angliss
and Allen 2009). This estimate was based on the application of a sightability correction factor of 2x
to the 1992 uncorrected census of 19,629 individuals made by Harwood et al. (1996). This estimate
was obtained from a partial survey of the known range of the Beaufort Sea population and may be an
underestimate of the true population size. A possible population increase since 1992 has also not
been included in this estimate. This population is not considered by NMFS to be a strategic stock
and is believed to be stable or increasing (DeMaster 1995).

Beluga whales of the Beaufort stock winter in the Bering Sea, summer in the eastern Beaufort
Sea, and migrate in offshore waters of western and northern Alaska (Angliss and Allen 2009). The
majority of belugas in the Beaufort stock migrate into the Beaufort Sea in April or May, although
some whales may pass Point Barrow as early as late March and as late as July (Braham et al. 1984;
Ljungblad et al. 1984; Richardson et al. 1995). Much of the Beaufort Sea seasonal population enters
the Mackenzie River estuary for a short period during July—August to molt their epidermis, but they
spend most of the summer in offshore waters of the eastern Beaufort Sea, Amundsen Gulf and more
northerly areas (Davis and Evans 1982; Harwood et al. 1996; Richard et al. 2001). Belugas are
rarely seen in the central Alaskan Beaufort Sea during the early summer. During late summer and
autumn, most belugas migrate westward far offshore near the pack ice (Frost et al. 1988; Hazard
1988; Clarke et al. 1993; Miller et al. 1999). Moore (2000) and Moore et al. (2000b) suggested that
beluga whales select deeper slope water independent of ice cover. However, during the westward
migration in late summer and autumn, small numbers of belugas are sometimes seen near the north
coast of Alaska (e.g., Johnson 1979). Lyons et al. (2008) reported higher beluga sighting rates at
locations >37.3 mi (60 km) offshore than at locations nearer shore during aerial surveys in the
Alaskan Beaufort Sea in 2006 and 2007. The main fall migration corridor of beluga whales is ~62+
mi (100 km) north of the coast. Satellite-linked telemetry data show that some belugas of this
population migrate west considerably farther offshore, as far north as 76° to 78°N latitude (Richard et
al. 1997, 2001).

The eastern Chukchi Sea population is estimated at 3,710 animals (Angliss and Allen 2009).
This estimate was based on surveys conducted in 1989-1991. Survey effort was concentrated on the
106 mi (170 km) long Kasegaluk Lagoon where belugas are known to occur during the open water
season. The actual number of beluga whales recorded during the surveys was much lower.
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Correction factors to account for animals that were underwater and for the proportion of newborns
and yearlings that were not observed due to their small size and dark coloration were used to
calculate the estimate. The calculation was considered to be a minimum population estimate for the
eastern Chukchi stock because the surveys on which it was based did not include offshore areas
where belugas are also likely to occur. This population is considered to be stable. It is assumed that
beluga whales from the eastern Chukchi stock winter in Bering Sea (Angliss and Allen 2009).

Although beluga whales are known to congregate in Kasegaluk Lagoon during summer,
evidence from a small number of satellite-tagged animals suggests that some of these whales may
subsequently range into the Arctic Ocean north of the Beaufort Sea. Suydam et al. (2005) put
satellite tags on 23 beluga whales captured in Kasegaluk Lagoon in late June and early July 1998-
2002. Five of these whales moved far into the Arctic Ocean and into the pack ice to 79-80°N. These
and other whales moved to areas as far as 684 ft (1,100 km) offshore between Barrow and the
Mackenzie River delta spending time in water with 90% ice coverage.

During aerial surveys in nearshore areas (i.e., ~23 mi [37 km] offshore) of the Chukchi Sea in
July—November 2006 and 2007, and July—October 2008, peak beluga sighting rates were recorded in
July and the lowest monthly sighting rates were recorded in August and September (Thomas et al.
2009). Beluga sighting rates and number of individuals were generally highest in waters 16-22 mi
(25-35 km) offshore. The largest single groups, however, were sighted at locations within 3 mi (5
km) from shore.

Beluga whales from the eastern Chukchi Sea stock are an important subsistence resource for
residents of the village of Point Lay, adjacent to Kasegaluk Lagoon, and other villages in northwest
Alaska. Each year, hunters from Point Lay drive belugas into the lagoon to a traditional hunting
location. The belugas have been predictably sighted near the lagoon from late June through mid- to
late July (Suydam et al. 2001). In 2007 approximately 70 belugas were also harvested at Kivalina
located southeast of Point Hope.

Pod structure in beluga groups appears to be along matrilineal lines, with males forming
separate aggregations. Small groups are often observed traveling or resting together. Belugas often
migrate in groups of 100 to 600 animals (Braham and Krogman 1977). The relationships between
whales within groups are not known, although hunters have reported that belugas form family groups
with whales of different ages traveling together (Huntington 2000).

Narwhal (Monodon monoceros)

Narwhals have a discontinuous arctic distribution (Hay and Mansfield 1989; Reeves et al.
2002). A large population inhabits Baffin Bay, West Greenland, and the eastern part of the Canadian
Arctic archipelago, and much smaller numbers inhabit the Northeast Atlantic/East Greenland area.
Population estimates for the narwhal are scarce. Richard et al. (in press) estimated the population
size of narwhals in the Canadian High Arctic at ~60,000. There are scattered records of narwhal in
Alaskan waters where the species is considered extralimital (Reeves et al. 2002). Thus, although
theoretically possible, it is very unlikely that narwhals would be encountered in the Chukchi Sea.
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Killer Whale (Orcinus orca)

Killer whales are cosmopolitan and globally fairly abundant. The killer whale is very common
in temperate waters, but it also frequents the tropics and waters at high latitudes. Killer whales
appear to prefer coastal areas, but are also known to occur in deep water (Dahlheim and Heyning
1999). The greatest abundance is thought to occur within 497 mi (800 km) of major continents
(Mitchell 1975) and the highest densities occur in areas with abundant prey. Both resident and
transient stocks have been described. The resident and transient types are believed to differ in
several aspects of morphology, ecology, and behavior including dorsal fin shape, saddle patch shape,
pod size, home range size, diet, travel routes, dive duration, and social integrity of pods (Angliss and
Allen 2009).

Killer whales are known to inhabit almost all coastal waters of Alaska, extending from
southeast Alaska through the Aleutian Islands to the Bering and Chukchi seas (Angliss and Allen
2009). Killer whales probably do not occur regularly in the Beaufort Sea although sightings have
been reported (Leatherwood et al. 1986; Lowry et al. 1987). George et al. (1994) reported that they
and local hunters see a few killer whales at Point Barrow each year. Killer whales are more common
southwest of Barrow in the southern Chukchi Sea and the Bering Sea. Based on photographic
techniques, ~100 animals have been identified in the Bering Sea (ADFG 1994). Killer whales from
either the North Pacific resident or transient stock could occur in the Chukchi Sea during the
summer. The number of killer whales likely to occur in the Chukchi Sea during the proposed activity
is unknown. Marine mammal observers (MMOs) onboard industry vessels in the Chukchi Sea
recorded two Killer whale sightings each in 2006 and 2008, and one sighting in 2008 (Haley et al.
2009b). MMOs onboard industry vessels did not record any killer whale sighting in the Beaufort Sea
in 2006-2008 (Savarese et al. 2009).

Harbor Porpoise (Phocoena phocoena)

The harbor porpoise is a small odontocete that inhabits shallow, coastal waters—temperate,
subarctic, and arctic—in the Northern Hemisphere (Read 1999). Harbor porpoises occur mainly in
shelf areas where they can dive to depths of at least 722 ft (220 m) and stay submerged for more than
5 min (Harwood and Wilson 2001) feeding on small schooling fish (Read 1999). Harbor porpoises
typically occur in small groups of only a few individuals and tend to avoid vessels (Richardson et al.
1995).

The subspecies P. p. vomerina ranges from the Chukchi Sea, Pribilof Islands, Unimak Island,
and the south-eastern shore of Bristol Bay south to San Luis Obispo, California. Point Barrow,
Alaska, is the approximate northeastern extent of their regular range (Suydam and George 1992),
though there are extralimital records east to the mouth of the Mackenzie River in the Northwest
Territories, Canada, and recent sightings in the Beaufort Sea in the vicinity of Prudhoe Bay during
surveys in 2007 and 2008 (Lyons et al. 2008; LGL Limited, unpublished data). MMOs onboard
industry vessels reported one harbor porpoise sighting in the Beaufort Sea in 2006 and no sightings
were recorded in 2007 (Jankowski et al. 2008). Monnett and Treacy (2005) did not report any harbor
porpoise sightings during aerial surveys in the Beaufort Sea from 2002 through 2004.

Although separate harbor porpoise stocks for Alaska have not been identified, Alaskan harbor
porpoises have been divided into three groups for management purposes. These groups include
animals from southeast Alaska, Gulf of Alaska, and Bering Sea populations. Chukchi Sea harbor
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porpoises belong to the Bering Sea group which includes animals from Unimak Pass northward.
Based on aerial surveys in 1999, the Bering Sea population was estimated at 48,215 animals,
although this estimate is likely conservative as the surveyed area did not include known harbor
porpoise range near the Pribilof Islands or waters north of Cape Newenhan (~55°N; Angliss and
Allen 2009). Suydam and George (1992) suggested that harbor porpoises occasionally occur in the
Chukchi Sea and reported nine records of harbor porpoise in the Barrow area in 1985-1991.

More recent vessel-based surveys in the Chukchi Sea found that the harbor porpoise was
commonly encountered throughout the Chukchi Sea in 2006-2008 (Haley et al. 2009Db; Ireland et al.
2008). Based on recent surveys the harbor porpoise is likely to be one of the most abundant
cetaceans encountered throughout the Chukchi Sea.

2. MYSTICETES (BALEEN WHALES)

Bowhead Whale (Balaena mysticetus)

The pre-exploitation population of bowhead whales in the Bering, Chukchi, and Beaufort seas
is estimated to have been 10,400-23,000 whales. Commercial whaling activities may have reduced
this population to perhaps 3,000 animals (Woodby and Botkin 1993). Up to the early 1990s, the
population size was believed to be increasing at a rate of about 3.2% per year (Zeh et al. 1996)
despite annual subsistence harvests of 14-74 bowheads from 1973 to 1997 (Suydam et al. 1995). A
census in 2001, yielded an estimated annual population growth rate of 3.4% (95% CI 1.7-5%) from
1978 to 2001 and a population size (in 2001) of ~10,470 animals (George et al. 2004, revised to
10,545 by Zeh and Punt [2005]). A population estimate from photo identification data collected in
2004 was 11,800 (Koski et al. 2009), which further supports the estimated 3.4% population growth
rate. Assuming a continuing annual population growth of 3.4%, the 2010 bowhead population may
number around 14,200 animals. The large increases in population estimates that occurred from the
late 1970s to the early 1990s were partly a result of actual population growth, but were also partly
attributable to improved census techniques (Zeh et al. 1993). Although apparently recovering well,
the BCB bowhead population is currently listed as “Endangered” under the ESA and is classified as
a strategic stock by NMFS and depleted under the MMPA (Angliss and Allen 2009).

Bowhead whales only occur at high latitudes in the northern hemisphere and have a disjunct
circumpolar distribution (Reeves 1980). The bowhead is one of only three whale species that spend
their entire lives in the Arctic. Bowhead whales are found in the western Arctic (Bering, Chukchi,
and Beaufort seas), the Canadian Arctic and West Greenland (Baffin Bay, Davis Strait, and Hudson
Bay), the Okhotsk Sea (eastern Russia), and the Northeast Atlantic from Spitzbergen westward to
eastern Greenland. Four stocks are recognized for management purposes. The largest is the Western
Arctic or Bering—Chukchi-Beaufort (BCB) stock, which includes whales that winter in the Bering
Sea and migrate through the Bering Strait, Chukchi Sea and Alaskan Beaufort Sea to the Canadian
Beaufort Sea, where they feed during the summer. These whales migrate west through the Alaskan
Beaufort Sea in the fall as they return to wintering areas in the Bering Sea. Satellite tracking data
indicate that some bowhead whales continue migrating west past Barrow and through the Chukchi
Sea to Russian waters before turning south toward the Bering Sea (Quakenbush 2007; Quakenbush et
al. 2009). Other researchers have also reported a westward movement of bowhead whales through
the northern Chukchi Sea during fall migration (Moore et al. 1995; Mate et al. 2000).
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The BCB stock of bowhead whales winter in the central and western Bering Sea and many of
them summer in the Canadian Beaufort Sea (Moore and Reeves 1993). Spring migration through the
Chukchi and the western Beaufort Sea occurs through offshore ice leads, generally from March
through mid-June (Braham et al. 1984; Moore and Reeves 1993).

Some bowheads arrive in coastal areas of the eastern Canadian Beaufort Sea and Amundsen
Gulf in late May and June, but most may remain among the offshore pack ice of the Beaufort Sea
until mid-summer. After feeding primarily in the Canadian Beaufort Sea and Amundsen Gulf,
bowheads migrate westward from late August through mid- or late October.

Bowhead activity in the Beaufort Sea in fall has been well studied in recent years. Fall
migration into Alaskan waters is primarily during September and October. However, in recent years
a small number of bowheads have been seen or heard offshore from the Prudhoe Bay region during
the last week of August (Treacy 1993; LGL and Greeneridge 1996; Greene 1997; Greene et al.
1999a; Blackwell et al. 2004, 2008; Greene et al. 2007). Satellite tracking of bowheads has also
shown that some whales move to the Chukchi Sea prior to September (ADFG 2009). Consistent with
this, Nuigsut whalers have stated that the earliest arriving bowheads have apparently reached the
Cross Island area earlier in recent years than formerly (T. Napageak, pers. comm.). In 2007 the
MMS and the National Marine Mammal Laboratory (NMML) initiated the Bowhead Whale Feeding
Ecology Study (BOWFEST) focusing on late summer oceanography and prey densities relative to
bowhead distribution (Rugh [ed.] 2009).

The Minerals Management Service (MMS) has conducted or funded late-summer/autumn
aerial surveys for bowhead whales in the Alaskan Beaufort Sea since 1979 (e.g., Ljungblad et al.
1986, 1987; Moore et al. 1989; Treacy 1988-1998, 2000, 2002a,b; Monnett and Treacy 2005; Treacy
et al. 2006). Bowheads tend to migrate west in deeper water (farther offshore) during years with
higher-than-average ice coverage than in years with less ice (Moore 2000; Treacy et al. 2006). In
addition, the sighting rate tends to be lower in heavy ice years (Treacy 1997:67). During fall
migration, most bowheads migrate west in water ranging from 49 to 656 ft (15 to 200 m) deep
(Miller et al. 2002 in Richardson and Thomson 2002). Some individuals enter shallower water,
particularly in light ice years, but very few whales are ever seen shoreward of the barrier islands in
the Alaskan Beaufort Sea. Survey coverage far offshore in deep water is usually limited, and
offshore movements may have been underestimated. However, the main migration corridor is over
the continental shelf.

In autumn, westward-migrating bowhead whales typically reach the Kaktovik and Cross Island
areas in early September, and that is when the subsistence hunts for bowheads typically begin in
those areas (Kaleak 1996; Long 1996; Galginaitis and Koski 2002; Galginaitis and Funk 2004, 2005;
Koski et al. 2005). In recent years the hunts at those two locations have usually ended by mid- to late
September.

Westbound bowheads typically reach the Barrow area in mid-September, and are in that area
until late October (e.g., Brower 1996). Autumn bowhead whaling near Barrow normally begins in
mid-September to early October, but may begin as early as August if whales are observed and ice
conditions are favorable (USDI/BLM 2005). Whaling near Barrow can continue into October,
depending on the quota and conditions.

Over the years, local residents have reported small numbers of bowhead whales feeding off
Barrow or in the pack ice off Barrow during the summer. Bowhead whales that are thought to be
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part of the Western Arctic stock may also occur in small numbers in the Bering and Chukchi seas
during the summer (Rugh et al. 2003). Thomas et al. (2009) reported bowhead sightings during
summer aerial surveys in nearshore areas of the Chukchi Sea from 2006-2008. All sightings were
recorded in the northern portion of the study area north of 70°N latitude. Peak monthly bowhead
sighting rates, however, were highest in October and November and lowest in July-September.
Observers from the NMML reported 19 summer bowhead sightings in the Chukchi Sea during aerial
surveys from 26 June through 26 July 2009 suggesting that some bowheads may summer in the
Chukchi Sea (available at http://www.afsc.noaa.gov/INMML /cetacean/bwasp/flights COMIDA.php).
Only one bowhead sighting was reported later in the year (22 August) during similar surveys in 2008.

Most spring-migrating bowhead whales will likely pass through the Chukchi and Beaufort seas
prior to the start of the proposed survey. However, a few whales that may remain in the Chukchi Sea
or in the Barrow area during the summer could be encountered during the survey activities or by
transiting vessels. More encounters with bowhead whales are expected during the westward fall
migration in September and October. Most bowheads migrating in September and October appear to
transit across the northern portion of the Chukchi Sea to the Chukotka coast before heading south
toward the Bering Sea (Quakenbush et al. 2009). Some of these whales have traveled well north of
the planned operations, but others have passed near to or through the proposed project area. Statoil
will operate in consultation with stakeholders to eliminate disturbance to subsistence bowhead
whaling activities in the Beaufort Sea (near Barrow) and by villagers along the Chukchi Sea coast.

Gray Whale (Eschrichtius robustus)

Gray whales originally inhabited both the North Atlantic and North Pacific oceans. The
Atlantic populations are believed to have become extinct by the early 1700s. There are two
populations in the North Pacific. A relic population which survives in the Western Pacific summers
near Sakhalin Island far from the proposed survey area. The larger eastern Pacific or California gray
whale population recovered significantly from commercial whaling during its protection under the
ESA until 1994 and numbered about 29,758 +3,122 in 1997 (Rugh et al. 2005). However, abundance
estimates since 1997 indicate a consistent decline followed by the population stabilizing or gradually
recovering. Rugh et al. (2005) estimated the population to be 18,178 +1,780 in winter 2001-2002.
The population estimate increased during winter 20062007 to 20,110 +1,766 (Rugh et al. 2008).
The eastern Pacific stock is not considered by NMFS to be endangered or to be a strategic stock.

Eastern Pacific gray whales calve in the protected waters along the west coast of Baja
California and the east coast of the Gulf of California from January to April (Swartz and Jones 1981;
Jones and Swartz 1984). At the end of the calving season, most of these gray whales migrate about
4,971 mi (8,000 km), generally along the west coast of North America, to the main summer feeding
grounds in the northern Bering and Chukchi seas (Tomilin 1957; Rice and Wolman 1971; Braham
1984; Nerini 1984; Moore et al. 2003; Bluhm et al. 2007). Most gray whales begin the southward
migration in November with breeding and conception occurring in early December (Rice and
Wolman 1971).

Most summering gray whales have historically congregated in the northern Bering Sea,
particularly off St. Lawrence Island in the Chirikov Basin (Moore et al. 2000a), and in the southern
Chukchi Sea. More recently, Moore et al. (2003) suggested that gray whale use of Chirikov Basin
has decreased, likely as a result of the combined effects of changing currents resulting in altered
secondary productivity dominated by lower quality food. Coyle et al. (2007) noted that ampeliscid
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amphipod production in the Chirikov Basin had declined by 50% from the 1980s to 2002-3 and that
as little as 3—6% of the current gray whale population could consume 10-20% of the ampeliscid
amphipod annual production. These data support the hypotheses that changes in gray whale
distribution may be caused by changes in food production and that gray whales may be approaching
or have surpassed the carrying capacity of their summer feeding areas. Bluhm et al. (2007) noted
high gray whale densities along ocean fronts and suggested that ocean fronts may play an important
role in influencing prey densities in eastern North Pacific gray whale foraging areas. The
northeastern-most of the recurring feeding areas is in the northeastern Chukchi Sea southwest of
Barrow (Clarke et al. 1989).

Gray whales routinely feed in the Chukchi Sea during the summer. Moore et al. (2000b)
reported that during the summer, gray whales in the Chukchi Sea were clustered along the shore
primarily between Cape Lisburne and Point Barrow and were associated with shallow, coastal shoal
habitat. In autumn, gray whales were clustered near shore at Point Hope and between Icy Cape and
Point Barrow, as well as in offshore waters northwest of Point Barrow at Hanna Shoal and southwest
of Point Hope. Thomas et al. (2009) reported that gray whale sighting rates and abundance were
greater in the 0-3 mi (0-5 km) offshore band in 2006, and in the 16—-19 mi (25-30 km) band in 2007
and 2008 during aerial surveys of the nearshore area of the eastern Chukchi Sea. They suggested that
the difference in gray whale distribution in 2006 vs. 2007 and 2007 may have been due to differences
in food availability and perhaps ice conditions.

Gray whales occur fairly often near Point Barrow, but historically only a small number of gray
whales have been sighted in the Beaufort Sea east of Point Barrow. Hunters at Cross Island (near
Prudhoe Bay) took a single gray whale in 1933 (Maher 1960). Only one gray whale was sighted in
the central Alaskan Beaufort Sea during the extensive aerial survey programs funded by MMS and
industry from 1979 to 1997. However, during September 1998, small numbers of gray whales were
sighted on several occasions in the central Alaskan Beaufort (Miller et al. 1999; Treacy 2000). More
recently a single sighting of a gray whale was made on 1 August 2001 near the Northstar production
island (Williams and Coltrane [eds.] 2002). Several gray whale sightings were reported during both
vessel-based and aerial surveys in the Beaufort Sea in 2006 and 2007 (Jankowski et al. 2008; Lyons
et al. 2008) and during vessel-based surveys in 2008 (Savarese et al. 2009). Several single gray
whales have been seen farther east in the Canadian Beaufort Sea (Rugh and Fraker 1981; LGL Ltd.,
unpublished data), indicating that small numbers must travel through the Alaskan Beaufort during
some summers. In recent years, ice conditions have become lighter near Barrow, and gray whales
may have become more common there and perhaps in the Beaufort Sea. In the springs of 2003 and
2004, a few tens of gray whales were seen near Barrow by early-to-mid June (LGL Ltd and NSB-
DWM, unpublished data). However, no gray whales were sighted during cruises north of Barrow in
2002 or 2005 (Harwood et al. 2005; Haley and Ireland 2006).

Small numbers of gray whales could be encountered during the proposed seismic survey in
Chukchi Sea in 2010. Although they are most common in portions of the Chukchi Sea close to
shore, gray whales may also occur in offshore areas of the Chukchi Sea, particularly over offshore
shoals.

Minke Whale (Balaenoptera acutorostrata)

Minke whales have a cosmopolitan distribution at ice-free latitudes (Stewart and Leatherwood
1985), and also occur in some marginal ice areas. Angliss and Allen (2009) recognize two minke
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whale stocks in U.S. waters: 1) the Alaska stock, and 2) the California/Oregon/Washington stock.
There is no abundance estimate for the Alaska stock. Provisional estimates of Minke whale
abundance based on surveys in 1999 and 2000 are 810 and 1,003 whales in the central-eastern and
south-eastern Bering Sea, respectively. These estimates have not been corrected for animals that
may have been submerged or otherwise missed during the surveys, and only a portion of the range of
the Alaskan stock was surveyed.

Minke whales range into the Chukchi Sea but are not likely to occur in the Beaufort Sea. The
level of Minke whale use of the Chukchi Sea is unknown. Leatherwood et al. (1982, in Angliss and
Allen 2009) indicated that Minke whales are not considered abundant in any part of their range, but
that some individuals venture north of the Bering Strait in summer. Reiser et al. (2009) reported
eight and five Minke whale sightings in 2006 and 2007, respectively, during vessel-based surveys in
the Chukchi Sea, and Haley et al. (2009a) reported 26 Minke whale sightings during similar vessel-
based surveys in the Chukchi Sea in 2008. Small numbers of Minke whales could be encountered
during the proposed exploratory activities in the Chukchi Sea in 2010.

Fin Whale (Balaenoptera physalus)

Fin whales are widely distributed in all the world's oceans (Gambell 1985), but typically occur
in temperate and polar latitudes and less frequently in the tropics (Reeves et al. 2002). Fin whales
feed in northern latitudes during the summer where their prey includes plankton as well as schooling
pelagic fish, such as herring, sandlance, and capelin (Jonsgard 1966a,b; Reeves et al. 2002). The
North Pacific population summers from the Chukchi Sea to California (Gambell 1985). Three fin
whale sightings were made in 2008 (from industry vessels and NMFS/NMML survey aircraft) in the
northern Chukchi Sea off of Ledyard Bay. Population estimates for the entire North Pacific
population range from 14,620 to 18,630. Reliable estimates of fin whale abundance in the Northeast
Pacific are not available (Angliss and Allen 2009). Provisional estimates of fin whale abundance in
the central-eastern and south-eastern Bering Sea are 3,368 and 683, respectively. No estimates for
fin whale abundance during the summer in the Chukchi Sea are available. Recently a fin whale was
recorded in the southern Chukchi Sea during vessel-based surveys in 2006 (LGL unpublished data),
and three fin whale sightings were recorded in the Chukchi Sea in 2008 (Haley et al. 2009a). NMML
observers also observed and photographed a fin whale off Pt. Lay in 2008. Fin whale is listed as
“Endangered” under the ESA and by IUCN, is classified as a strategic stock by NMFS, and it is a
CITES Appendix | species (Table 1).

Humpback Whale (Megapter novaeangliae)

Humpback whales are distributed in major oceans worldwide and their range in the North
Pacific extends through the Bering Sea into the southern Chukchi Sea (Angliss and Allen 2009). In
general, humpback whales spend the winter in tropical and sub-tropical waters where breeding and
calving occur, and migrate to higher latitudes for feeding during the summer.

Humpback whales were hunted extensively during the 20™ century and worldwide populations
may have been reduced to ~10% of their original numbers. The International Whaling Commission
banned commercial hunting of humpback whales in the Pacific Ocean in 1965 and humpbacks were
listed as Endangered under the ESA and depleted under the MMPA in 1973. Most humpback whale
populations appear to be recovering well.

15



IV. Status, Distribution and Seasonal Distribution of Affected Species or Stocks of Marine Mammals

Humpbacks feed on euphausiids, copepods, and small schooling fish, notably herring, capelin,
and sandlance (Reeves et al. 2002). As with other baleen whales, the food is trapped or filtered when
large amounts of water taken into the mouth and the expanded throat area are forced out through the
baleen plates. Individual humpback whales can often be identified by distinctive patterns on the tail
flukes. They are frequently observed breaching or engaged in other surface activities. Adult male
and female humpback whales average 46 and 49 ft (14 and 15 m) in length, respectively (Wynne
1997). Humpbacks have large, robust bodies and long pectoral flippers which may reach 1/3 of their
body length. The dorsal fin is variable in shape and located well back toward the posterior 1/3 of the
body on a hump which is particularly noticeable when the back is arched during a dive (Reeves et al.
2002).

Angliss and Allen (2009) reported that at least three humpback whale populations have been
identified in the North Pacific. Two of these stocks may be relevant to the Chukchi Sea portion of
the project area. The Central North Pacific stock winters in waters near Hawaii and migrates to
British Columbia, Southeast Alaska, and Prince William Sound to Unimak Pass to feed during the
summer. The Western North Pacific stock winters off the coast of Japan and probably migrates to
the Bering Sea to feed during the summer. There may be some overlap between the Central and
Western North Pacific stocks.

Humpback whale sightings in the Bering Sea have been recorded southwest of St. Lawrence
Island, the southeastern Bering Sea, and north of the central Aleutian Islands (Moore et al. 2002;
Angliss and Allen 2009). Recently there have been sightings of humpback whales in the Chukchi
Sea and a single sighting in the Beaufort Sea. Haley et al. (2009b) reported four humpback whales
during vessel-based surveys in the Chukchi Sea in 2007 and two sightings in 2008. NMML
observers recorded a humpback whale during aerial surveys in the Chukchi Sea in 2009. Green et al.
(2007) reported and photographed a humpback whale cow/calf pair east of Barrow near Smith Bay in
2007. Whether these humpback whale sightings in the Chukchi and Beaufort seas are related to
climate changes in the Arctic in recent years is unknown. Small numbers of humpback whales could
occur within or near the project area in the Chukchi Sea but would be less likely to occur near the
Beaufort Sea project area.

3. PINNIPEDS

Bearded Seal (Erignathus barbatus)

Bearded seals are associated with sea ice and have a circumpolar distribution (Burns 1981b).
The Alaska stock of bearded seals, which occupy the Bering, Chukchi, and Beaufort seas, may
consist of about 250,000-300,000 individuals (Angliss and Allen 2009), however, no reliable
estimate of bearded seal abundance is available for the Chukchi and Beaufort seas (Angliss and Allen
2009). The Alaska stock of bearded seals is not classified by NMFS as endangered or a strategic
stock. There is though an increasing concern about the future of the bearded seal due to receding ice
conditions and potential habitat loss. NMFS conducted a status review for the bearded seal in 2008,
but failed to make a determination within a year and was sued for delaying protection of Arctic seals
under the ESA (CBD 2008). On 25 September 2009 a federal judge agreed to a settlement that
requires NMFS to decide by 1 November 2010 whether bearded seals merit listing as a threatened or
endangered species due to threats from global warming.
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Bearded seal is the largest of the northern phocids. Seasonal movements of bearded seals are
directly related to the advance and retreat of sea ice and to water depth (Kelly 1988). During winter,
most bearded seals in Alaskan waters are found in the Bering Sea. From mid-April to June as the ice
recedes, bearded seals migrate northward from the Bering Sea through the Bering Strait to habitats
along the margin of the pack ice in the central or northern Chukchi Sea. During the summer they are
found near the widely fragmented margin of multi-year ice covering the continental shelf of the
Chukchi Sea and in nearshore areas of the central and western Beaufort Sea. In the Beaufort Sea,
bearded seals rarely use coastal haulouts. During the open water period, bearded seals occur mainly
in relatively shallow areas, because they are predominantly benthic feeders (Burns 1981b) that prefer
areas of water no deeper than 656 ft (200 m; e.g., Harwood et al. 2005). Bearded seals have
occasionally been reported to maintain breathing holes in sea ice and broken areas within the pack
ice, particularly if the water depth is <656 ft (200 m). Bearded seals apparently also feed on ice-
associated organisms when they are present, and this allows a few bearded seals to live in areas
considerably more than 656 ft (200 m) deep.

In Alaskan waters, bearded seals occur over the continental shelves of the Bering, Chukchi,
and Beaufort seas (Burns 1981b). Bengtson et al. (2005) reported bearded seal densities in the
Chukchi Sea ranging from 0.07 to 0.14 seals/km? in 1999 and 2000, respectively. No population
estimates could be calculated because these densities were not adjusted for haulout behavior.
Bearded seals were more common in offshore pack ice with the exception of high bearded seal
numbers observed near the shore south of the survey area near Kivalina. Reiser et al. (2009) reported
bearded seal densities ranging from 0.01 to 0.03 seals/km? in the summer and fall, respectively,
during vessel-based surveys in the Chukchi Sea. These densities were lower than those reported by
Bengtson et al. (2005) but are not directly comparable because the latter densities were based on
aerial survey counts of seals on ice in late May and early June. Bearded seal densities in the pack ice
of the northern Chukchi Sea appear to be low; only three bearded seals were observed during a
survey that passed through the proposed seismic survey area in early August of 2005 (Haley and
Ireland 2006).

Spotted Seal (Phoca largha)

Spotted seals (also known as largha seals) occur in the Beaufort, Chukchi, Bering and Okhotsk
seas, and south to the northern Yellow Sea and western Sea of Japan (Shaughnessy and Fay 1977).
Spotted seals overwinter in the Bering Sea and inhabit the southern margin of the ice during spring
(Shaughnessy and Fay 1977). During the summer spotted seals are found in Alaska from Bristol Bay
through western Alaska to the Chukchi and Beaufort seas. They migrate south from the Chukchi Sea
and through the Bering Sea in October (Lowry et al. 1998).

An early estimate of the size of the world population of spotted seals was 335,000-450,000,
and the size of the Bering Sea population, including animals in Russian waters, was estimated to be
200,000-250,000 animals (Burns et al. 1973, cited in Angliss and Allen 2009). The ADF&G placed
satellite transmitters on four spotted seals in Kakegaluk Lagoon and estimated that the proportion of
seals hauled out was 6.8%. Based on an actual minimum count of 4,145 seals hauled out on the
Bering Sea pack ice (Rugh et al. 1993), Angliss and Allen (2009) estimated the Alaskan population
at 59,214 animals. Because of the concern about the future of ice seals due to receding ice conditions
and associated potential habitat loss, NMFS conducted a status review of the spotted seal.
Preliminary analyses from 2007 and 2008 survey data in the central and eastern Bering Sea provided
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a provisional abundance estimate of 101,568 (SE = 17,869) spotted seals in that area (Boveng et al.
2009). Based on this status review NMFS determined not to list the two spotted seal populations
inhabiting US waters under the ESA, because they are currently not in danger of extinction or likely
to become endangered in the foreseeable future.

During spring when pupping, breeding, and molting occur, spotted seals are found along the
southern edge of the sea ice in the Okhotsk and Bering seas (Quakenbush 1988; Rugh et al. 1997). In
late April and early May, adult spotted seals are often seen on the ice in female-pup or male-female
pairs, or in male-female-pup triads. Subadults may be seen in larger groups of up to two hundred
animals. From July until September, spotted seals are found primarily in the Bering and Chukchi
seas, but some range into the Beaufort Sea (Rugh et al. 1997; Lowry et al. 1998). At this time of
year, spotted seals haul out on land part of the time, but also spend extended periods at sea. Spotted
seals are commonly seen in bays, lagoons and estuaries, but also range far offshore as far north as
69-72°N. In summer, they are rarely seen on the pack ice, except when the ice is close to the shore.
As the ice cover thickens with the onset of winter, spotted seals leave the northern portions of their
range and move into the Bering Sea (Lowry et al. 1998).

In the Chukchi Sea, Kasegaluk Lagoon is an important area for spotted seals. Spotted seals
haul out in the area from mid-July until freeze-up in late October or November. Frost and Lowry
(1993) reported a maximum count of about 2,200 spotted seals in the lagoon during aerial surveys.
No spotted seals were recorded along the shore south of Pt. Lay. Based on satellite tracking data,
Frost and Lowry (1993) reported that spotted seals at Kasegaluk Lagoon spent 94% of the time at
sea. Extrapolating the count of hauled-out seals to account for seals at sea would suggest a Chukchi
Sea population of about 36,000 animals.

Ringed Seal (Phoca hispida)

Ringed seals have a circumpolar distribution and occur in all seas of the Arctic Ocean (King
1983). They are closely associated with ice, and in the summer they often occur along the receding
ice edges or farther north in the pack ice. In the North Pacific, they occur in the southern Bering Sea
and range south to the seas of Okhotsk and Japan. Ringed seals are year-round residents in the
northern Chukchi and Beaufort Seas and it is the most frequently encountered seal species in those
areas (e.g., Haley et al. 2009b).

No estimate for the size of the Alaska ringed seal stock is currently available (Angliss and
Allen 2009). In the past, ringed seal population estimates in the Bering-Chukchi-Beaufort area
ranged from 1-1.5 million (Frost 1985) to 3.3-3.6 million (Frost et al. 1988). Aerial surveys flown
perpendicular to the eastern Chukchi Sea coast from Shishmaref to Barrow in 1999 and 2000 yielded
an average abundance estimate of 230,673 (Bengtson et al. 2005). The Alaska stock of ringed seals
is not endangered, and is not classified as a strategic stock by NMFS. There is though an increasing
concern about the future of the ringed seal due to receding ice conditions and potential habitat loss.
NMFS conducted a status review for the ringed seal in 2008, but failed to make a determination
within a year and was sued for delaying protection of Arctic seals under the ESA (CBD 2008). On
25 September 2009 a federal judge agreed to a settlement that requires NMFS to decide by 1
November 2010 whether ringed seals merit listing as a threatened or endangered species due to
threats from global warming.
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During winter, ringed seals occupy landfast ice and offshore pack ice of the Bering, Chukchi
and Beaufort seas. In winter and spring, the highest densities of ringed seals are found on stable
shorefast ice. However, in some areas where there is limited fast ice but wide expanses of pack ice,
including the Beaufort Sea, Chukchi Sea and Baffin Bay, total numbers of ringed seals on pack ice
may exceed those on shorefast ice (Burns 1970; Stirling et al. 1982; Finley et al. 1983). Ringed seals
maintain breathing holes in the ice and occupy lairs in accumulated snow (Smith and Stirling 1975).
They give birth in lairs from mid-March through April, nurse their pups in the lairs for 5-8 weeks,
and mate in late April and May (Smith 1973; Hammill et al. 1991; Lydersen and Hammill 1993).

Based on aerial surveys flown in 1999 and 2000 in the eastern Chukchi Sea average density of
ringed seals was estimated to be 1.9 seals/km? in 1999 (range 0.37-16.32) and 1.6 seals/km? in 2000
(range 0.42-19.4), with generally higher densities in nearshore than offshore locations. The highest
densities of ringed seals were found in coastal waters south of Kivalina and near Kotzebue Sound
(Bengtson et al. 2005). Vessel-based observations from industry activities in the Chukchi Sea
reported seal densities (the majority assumed to be ringed seals) ranging from 0.054 to 0.171
seals/km? in the summer and fall, respectively (Haley et al. 2009b). Marine mammal observers
aboard the Healy sighted as many as 50 ringed seals along 1,492 mi (2,401 km) of trackline between
70°N and 81°N during two weeks of travel in and north of the Chukchi Sea during August 2005
(Haley and Ireland 2006). Ringed seal will likely be the most abundant marine mammal species
encountered in the Chukchi Sea project area.

Ribbon Seal (Histriophoca fasciata)

Ribbon seals are found along the pack-ice margin in the southern Bering Sea during late winter
and early spring and they move north as the pack ice recedes during late spring to early summer
(Burns 1970; Burns 1981a). Little is known about their summer and fall distribution, but Kelly
(1988) suggests that they move into the southern Chukchi Sea based on a review of sightings during
the summer. However, ribbon seals appeared to be relatively rare in the northern Chukchi Sea during
recent vessel-based surveys in summer and fall of 2006 and 2007 with only three sightings among
1,778 sightings of seals identified to species (Haley et al. 2009b). Thus ribbon seals are expected to
be rare in the proposed survey area in the Chukchi Sea. In response to a petition to list the ribbon
seal under the Endangered Species Act (CBD 2007), NMFS announced that listing of ribbon seal was
not warranted at this time (NMFS 2008).

V. TYPE OF INCIDENTAL TAKE AUTHORIZATION REQUESTED

The type of incidental taking authorization that is being requested (i.e., takes by harassment only,
takes by harassment, injury and/or death), and the method of incidental taking.

Statoil requests an IHA pursuant to Section 101(a)(5)(D) of the MMPA for incidental take by
harassment during its planned 3D marine seismic survey in the Chukchi Sea during mid July-
November 2010.

Sounds generated by the operations outlined in Section | and Il have the potential to take
marine mammals by harassment. Sound sources with the potential to “harass” marine mammals
include airguns and the pinger system used during the surveys. Harassment of animals can
potentially occur when marine mammals near the activities are exposed to the pulsed sounds
generated by the airguns and the pinger system. The effects will depend on the species of cetacean or
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pinniped, the behavior of the animal at the time of reception of the stimulus, as well as the distance
and received level of the sound (see Section VII). Disturbance reactions by some of the marine
mammals in the general vicinity of the tracklines of the source vessel may likely occur. No take by
injury or death is anticipated, given the nature of the seismic survey operations and the proposed
mitigation measures (see Section XI, “Mitigation Measures”).

VI. NUMBERS OF MARINE MAMMALS THAT MAY BE TAKEN

By age, sex, and reproductive condition (if possible), the number of marine mammals (by species)
that may be taken by each type of taking identified in [Section V], and the number of times such
takings by each type of taking are likely to occur.

The proposed open water seismic survey activities outlined in Sections | and Il have the
potential to disturb or displace small numbers of marine mammals. These potential effects, as
summarized in Section VII below, will not exceed what is defined in the 1994 amendments to the
MMPA as "Level B" harassment (behavioral disturbance). The mitigation measures to be
implemented during this survey are based on level B harassment criteria using 160 dB re 1pPa rms,
and will as such minimize any potential risk of injury, such as damage to the hearing apparatus. No
take by injury or death is likely, given the nature of the activities and proposed monitoring and
mitigation measures. Section VII provides a summary of potential impacts from sounds on marine
mammals, with more detailed background information in Appendix C.

This section describes the methods used to estimate the numbers of marine mammals that
might be “taken by harassment” during Statoil’s proposed marine seismic survey in the Chukchi Sea.
Density estimates are based on the best available peer reviewed scientific data, when available. In
cases where the best available data were collected in regions, habitats, or seasons that differ from the
proposed survey activities, adjustments to reported population or density estimates were made to
account for these differences insofar as possible. Species abundance information obtained from
recent marine mammal surveys conducted near to or in the proposed survey area has been provided
for completeness and to describe the current knowledge of the species. Most of these data are
preliminary or as yet unpublished.

The estimated number of animals potentially harassed was calculated by multiplying the
expected densities (in nr/lkm?) by the anticipated area ensonified by levels of >160 dB re 1pPa.
Estimates of the number of animals potentially impacted were conducted separately for the 3D
survey area and the 2D survey lines. For the 3D survey area, the anticipated area ensonified by
sound levels of >160 dB was calculated as an area encompassing a 8.1 mi (13 km) radius extending
from each point of the survey area perimeter (hereafter called the 160 dB exposed survey area). This
approach was taken because closely spaced survey lines and large cross-track distances of the >160
dB radii result in repeated exposure of the same area of water. Excessive amounts of repeated
exposure leads to an overestimation of the number of animals potentially exposed. For the 2D survey
lines the area ensonified by sound levels of >160 dB was calculated as the total line kilometers
multiplied by 2 times the 8.1 mi (13 km) >160 dB safety radius. The following subsections describe
in more detail the data and methods used in deriving at the estimated number of animals potentially
“taken by harassment” during the proposed survey. It provides information on the expected marine
mammal densities, estimated distances to received levels of 190, 180, 160, and 120 dB re 1pPa and
the calculation of anticipated areas ensonified by levels of >160 dB.
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1. MARINE MAMMAL DENSITY ESTIMATES

There is some uncertainty about the representativeness of the data and assumptions used in the
“take” calculations. To provide some allowance for the uncertainties, “maximum estimates” as well
as “average estimates” of the numbers of marine mammals potentially affected have been derived.
For a few marine mammal species, information on density estimates was available, and in those
cases, the average and maximum estimates were calculated from the survey data. In other cases only
one or no applicable estimate was available so correction factors were used to arrive at “average” and
“maximum” estimates. These are described in detail in the following sections. Except where noted,
the “maximum” estimates have been calculated as 4x the “average” estimates. The densities
presented are believed to be similar to, or in most cases higher than, the densities that will actually be
encountered during the survey.

Not all published results from visual observations have applied correction factors that account
for detectability and availability bias. Detectability bias is associated with diminishing sightability
with increasing lateral distance from the survey trackline. Awvailability bias refers to the fact that not
all animals are at the surface and that there is therefore <100% probability of sighting an animal that
is present along the survey trackline. Some sources below included correction factors in the reported
densities (e.g., ringed seals in Bengtson et al. 2005) and the best available correction factors were
applied to reported results when they had not already been included (e.g., Moore et al. 2000b).

Estimated densities of marine mammals in the Chukchi Sea during the summer (July and
August) and fall period (September-November) are presented in Table 2 and 3, respectively. Again,
“average” and “maximum” densities are shown and unless otherwise noted, maximum densities are
4x average densities.

Cetacean Densities

Nine species of cetaceans are known to occur in the Chukchi Sea area of the proposed Statoil
project. Only four of these (bowhead, beluga, and gray whales, and harbor porpoise) are likely to be
encountered during the proposed survey activities. Three of the nine species (bowhead, fin, and
humpback whales) are listed as endangered under the ESA. Of these, only the bowhead is likely to
be found within the survey area.

Beluga Whale

Summer densities of beluga in offshore waters are expected to be low. Aerial surveys have
recorded few belugas in the offshore Chukchi Sea during the summer months (Moore et al. 2000b).
Aerial surveys of the Chukchi Sea in 2008-2009 flown by the NMML as part of the Chukchi
Offshore Monitoring in Drilling Area project (COMIDA) have only reported 5 beluga sightings
during >8,700 mi (>14,000 km) of on-transect effort, only 2 of which were offshore (COMIDA
2009). Additionally, only one beluga sighting was recorded during >37,904 mi (>61,000 km) of
visual effort during good visibility conditions from industry vessels operating in the Chukchi Sea in
July—August of 2006—-2008 (Haley et al. 2009b). If belugas are present during the summer, they are
more likely to occur in or near the ice edge or close to shore during their northward migration.
Expected densities were calculated from data in Moore et al. (2000b). Data from Moore et al.
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(2000b: Figure 6 and Table 6) used as the average open-water density estimate included two on-
transect beluga sightings during 6,639 mi (10,684 km) of on-transect effort in the Chukchi Sea during
summer. A mean group size of 7.1 (CV=1.7) was calculated from 10 Chukchi Sea summer sightings
present in the BWASP database. A f(0) value of 2.841 and g(0) value of 0.58 from Harwood et al.
(1996) were also used in the calculation. The CV associated with group size was used to select an
inflation factor of 2 to estimate the maximum density that may occur in both open-water and ice-
margin habitats. Specific data on the relative abundance of beluga in open-water versus ice-margin
habitat during the summer in the Chukchi Sea is not available. However, Moore et al. (2000b)
reported higher than expected beluga sighting rates in open-water during fall surveys in the Beaufort
and Chukchi seas. This would suggest that densities near ice may actually be lower than open water,
but belugas are commonly associated with ice, so an inflation factor of only 2 (instead of 4) was used
to estimate the average ice-margin density from the open-water density. Based on the very low
densities observed from vessels operating in the Chukchi Sea during non-seismic periods and
locations in July—August of 2006-2008 (0.0001/km?; Haley et al. 2009b), the densities shown in
Table 2 are likely biased high.

In the fall, beluga whale densities in the Chukchi Sea are expected to be somewhat higher than
in the summer because individuals of the eastern Chukchi Sea stock and the Beaufort Sea stock will
be migrating south to their wintering grounds in the Bering Sea (Angliss and Allen 2009). Consistent
with this, the number of on-effort beluga sightings reported during COMIDA flights in September—
October of 2008-2009 was over 3 times more (17) than during July—August with a very similar
amount of on-transect effort (COMIDA 2009). However, there were no beluga sightings reported
during >11,185 mi (>18,000 km) of vessel based effort in good visibility conditions during 2006—
2008 industry operations in the Chukchi Sea. Densities derived from survey results in the northern
Chukchi Sea in Moore et al. (2000b) were used as the average density for open-water and ice-margin
fall season estimates (see Table 3). Data from Moore et al. (2000b: Table 8) used in the average
open-water density estimate included 123 beluga sightings and 27,559 mi (44,352 km) of on-transect
effort in water depths 118-164 ft (36-50 m). A mean group size of 2.39 (CV=0.92) came from the
average group size of 82 Chukchi Sea fall sightings in waters 115-164 ft (35-50 m) deep present in
the BWASP database. A f(0) value of 2.841 and g(0) value of 0.58 from Harwood et al. (1996) were
used in the calculation. The CV associated with group size was used to select an inflation factor of 2
to estimate the maximum density that may occur in both open-water and ice-margin habitats. Moore
et al. (2000b) reported higher than expected beluga sighting rates in open-water during fall surveys in
the Beaufort and Chukchi seas, so an inflation value of only 2 was used to estimate the average ice-
margin density from the open-water density. There were no beluga sightings from vessels operating
in the Chukchi Sea during non-seismic periods in September—October of 2006-2008 (Haley et al.
2009b).

Bowhead Whale

By July, most bowhead whales are northeast of the Chukchi Sea, within or migrating toward
their summer feeding grounds in the eastern Beaufort Sea. No bowheads were reported during 6,639
mi (10,684 km) of on-transect effort in the Chukchi Sea by Moore et al. (2000b). Aerial surveys in
2008-2009 by the NMML as part of the COMIDA project reported four sightings during >8,699 mi
(>14,000 km) of on-transect effort. Two of the four sightings were offshore, both of which occurred
near the end of August. Bowhead whales were also rarely reported in July—August of 2006-2008
during aerial surveys of the Chukchi Sea coast (Thomas et al. 2009). This is consistent with
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movements of tagged whales (see ADFG 2009; Quakenbush 2009), all of which moved through the
Chukchi Sea by early May 2009, and tended to travel relatively close to shore, especially in the
northern Chukchi Sea.

The estimate of bowhead whale density in the Chukchi Sea was calculated by assuming that
there was one bowhead sighting during the 6,639 mi (10,684 km) survey effort in the Chukchi Sea
during the summer, although no bowheads were actually observed (Moore et al. 2000b). The more
recent COMIDA data were not used because the NMML has not released a final report summarizing
the data. Only two sightings are present in the BWASP database during July and August in the
Chukchi Sea, both of which were of individual whales. The mean group size from combined July—
August sightings in the BWASP, COMIDA, and 2006-2008 industry database is 1.33 (CV=0.58).
This value, along with a f(0) value of 2 and a g(0) value of 0.07, both from Thomas et al. (2002) were
used to estimate a summer density of bowhead whales. The CV of group size and standard errors
reported in Thomas et al. (2002) for f(0) and g(0) correction factors suggest that an inflation factor of
2 is appropriate for deriving at a maximum density from the average density. Bowheads are not
expected to be encountered in higher densities near ice in the summer (Moore et al. 2000b), so the
same density estimates are used for open-water and ice-margin habitats. Densities from vessel based
surveys in the Chukchi Sea during non-seismic periods and locations in July—August of 2006—-2008
(Haley et al. 2009b) ranged from 0.0001/km? to 0.0005/km? with a maximum 95 percent confidence
interval (C1) of 0.0019 km? This suggests that the densities used in the calculations and shown in
Table 2 might be somewhat higher than expected to be observed from vessels near the area of
planned operations.

During the fall, bowhead whales migrate west and south from their summer feeding grounds in
the Beaufort Sea and Amundsen Gulf to their wintering grounds in the Bering Sea. During this fall
migration bowheads are more likely to be encountered in the Chukchi Sea. Moore et al. (2000b:
Table 8) reported 34 bowhead sightings during 27,560 mi (44,354 km) of on-transect survey effort in
the Chukchi Sea during September—October. Thomas et al. (2009) also reported increased sightings
on coastal surveys of the Chukchi Sea during September and October of 2006-2008. Aerial surveys
in 2008-2009 (COMIDA 2009) reported 20 bowhead sightings during 8,803 mi (14,167 km) of on-
transect effort, eight of which were offshore. GPS tagging of bowheads show that migration routes
through the Chukchi Sea are more variable than through the Beaufort Sea (ADFG 2009; Quakenbush
2009). Some of the routes taken by bowheads remain well north or south of the planned survey
activities while others have passed near to or through the area. Kernel densities estimated from GPS
locations of whales suggest that bowheads do not spend much time (e.g., feeding or resting) in the
north-central Chukchi Sea near the area of planned activities (ADFG 2009). The mean group size
from September—October Chukchi Sea bowhead sightings in the BWASP database is 1.59
(CVv=1.08). This is slightly below the mean group size of 1.85 from all the preliminary COMIDA
sightings during the same months, but above the value of 1.13 from only on-effort COMIDA
sightings (COMIDA 2009). The same f(0) and g(0) values that were used for the summer estimates
above were used for the fall estimates. As with the summer estimates, an inflation factor of 2 was
used to estimate the maximum density from the average density in both habitat types. Moore et al.
(2000b) found that bowheads were detected more often than expected in association with ice in the
Chukchi Sea in September—October, so a density of twice the average open-water density was used
as the average ice-margin density. Densities from vessel based surveys in the Chukchi Sea during
non-seismic periods and locations in September—October of 2006-2008 (Haley et al. 2009b) ranged
from 0.0001/km? to 0.0050/km? with a maximum 95 percent Cl of 0.0480 km?. This suggests the
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densities used in the calculations and shown in Table 3 are somewhat higher than are likely to be
observed from vessels near the area of planned operations.

Gray Whale

The average open-water summer density was calculated from effort and sightings in Moore et
al. (2000b: Table 6) for water depths 118-164 ft (36-50 m) including 4 sightings during 3,901 mi
(6,278 km) of on-transect effort. An average group size of 3.11 (CV=0.97) was calculated from all
July—August Chukchi Sea gray whale sightings in the BWASP database and used in the summer
density estimate. This value was higher than the average group size in the preliminary COMIDA
data (1.71; COMIDA 2009) and from coastal aerial surveys in 2006-2008 (1.27; Thomas et al.
2009). Correction factors f(0) = 2.49 (Forney and Barlow 1998) and g(0) = 0.30 (Forney and Barlow
1998; Mallonee 1991) were also used in the density calculation. Since the group size used in the
average density estimate was relatively high compared to other data sources and the CV was near to
one, an inflation factor of 2 was used to estimate the maximum densities from average densities in
both habitat types. Gray whales are not commonly associated with sea ice, but may occur close to
sea ice, so the densities for open-water habitat were also used for ice-margin habitat. Densities from
vessel based surveys in the Chukchi Sea during non-seismic periods and locations in July—August of
2006-2008 (Haley et al. 2009b) ranged from 0.0009/km? to 0.0034/km? with a maximum 95 percent
Cl of 0.0146 km?. This suggests that the densities used in the calculations and shown in Table 2 are
somewhat higher than are expected to be observed from vessels near the area of planned operations.

Gray whale densities are expected to be much higher in the summer months than during the
fall when most whales start their southbound migration. Moore et al. (2000b) found that the
distribution of gray whales was more widely dispersed through the northern Chukchi Sea and limited
to nearshore areas where most whales were observed in water less than 115 ft (35 m) deep. With
similar amounts of on-transect effort between summer and fall aerial surveys in 2008-2009, gray
whale sightings were three times higher in July—August than in September—October, and five times
taking into account all effort and sightings (COMIDA 2009). Thomas et al. (2009) also reported
decreased sighting rates of gray whales in the fall.

The on-transect effort and associated gray whale sightings (27 sightings during 44,352 km of
on-transect effort) in water depth of 118-164 ft (36-50 m) during autumn (Moore et al. 2000b; 12)
was used as the average density estimate for the Chukchi Sea during the fall period. A group size
value of 2.49 (CV=1.37) calculated from the BWASP database was used in the density calculation,
along with the same f(0) and g(0) values described above. The group size value of 2.49 was again
higher than the average group size calculated from preliminary COMIDA data (1.24; COMIDA
2009) and as reported from coastal aerial surveys in 2006-2008 (1.12; Thomas et al. 2009).
Densities from vessel based surveys in the Chukchi Sea during non-seismic periods and locations in
September—October of 2006-2008 (Haley et al. 2009b) ranged from 0.0011/km? to 0.0024/km? with
a maximum 95 percent Cl of 0.0183 km? This suggests the densities used in the calculations and
shown in Table 3 are somewhat higher than are likely to be observed from vessels near the area of
planned operations.
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Harbor Porpoise

Harbor Porpoise densities were estimated from industry data collected during 2006-2008
activities in the Chukchi Sea. Prior to 2006, no reliable estimates were available for the Chukchi Sea
and harbor porpoise presence was expected to be very low and limited to nearshore regions. For this
reason, the data collected from industry vessels was considered to be the best available data.
Observers on industry vessels in 2006-2008, however, recorded sightings throughout the Chukchi
Sea during the summer and early fall months. Density estimates from 2006-2008 observations
during non-seismic periods and locations in July—-August ranged from 0.0009/km? to 0.0016/km?
with a maximum 95 percent CI of 0.0016/km? (Haley et al. 2009b). The median value from the
summer season of those three years (0.0011/km?) was used as the average open-water density
estimate while the high value (0.0016/km?) was used as the maximum estimate (Table 2). Harbor
porpoise are not expected to be present in higher numbers near ice, so the open-water densities were
used for ice-margin habitat in both seasons. Harbor porpoise densities recorded during industry
operations in the fall months of 2006-2008 were slightly lower and ranged from 0.0002/km? to
0.0013/km? with a maximum 95 percent Cl of 0.0044/km?. The median value (0.0010/km?) was
again used as the average density estimate and the high value (0.0013/km?) was used as the
maximum estimate (Table 3).

Other Cetaceans

The remaining five cetacean species that could be encountered in the Chukchi Sea during
Statoil’s planned seismic survey include the humpback whale, killer whale, minke whale, fin whale,
and narwhal. Although there is evidence of the occasional occurrence of these animals in the
Chukchi Sea, it is unlikely that more than a few individuals will be encountered during the proposed
activities. George and Suydam (1998) reported killer whales, Brueggeman et al. (1990) and Haley et
al. (2009b) reported minke whale, and COMIDA (2009) and Haley et al. (2009b) reported fin whales
off of Ledyard Bay in the Chukchi Sea. Narwhal sightings in the Chukchi Sea have not been
reported in recent literature, but subsistence hunters occasionally report observations near Barrow
and Reeves et al. (2002) indicate a small number of extralimital sightings in the Chukchi Sea.
Minimum density estimates are used for these species.

Pinniped Densities

Four species of pinnipeds may be encountered in the Chukchi Sea: ringed seal, bearded seal,
spotted seal, and ribbon seal. Each of these species, except the spotted seal, is associated with both
the ice margin and the nearshore area. The ice margin is considered preferred habitat (as compared
to the nearshore areas) during most seasons.

Ringed seal and bearded seal “average” and “maximum” summer ice-margin densities (Table
2) were available in Bengtson et al. (2005) from spring surveys in the offshore pack ice zone (zone
12P) of the northern Chukchi Sea. However, corrections for bearded seal availability, g(0), based on
haulout and diving patterns were not available. Densities of ringed and bearded seals in open water
are expected to be somewhat lower in the summer when preferred pack ice habitat may still be
present in the Chukchi Sea. Average and maximum open-water densities have been estimated as 3/4
of the ice margin densities during the summer for both species. The fall density of ringed seals in the
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TABLE 2. Expected densities of cetaceans and seals in areas of the Chukchi Sea, Alaska, during the planned
summer (July—August) period of the seismic survey program. Species listed under the U.S. ESA as endangered are
in italics.

Open Water Ice Margin
Average Maximum Average Maximum
Density Density Density Density
Species (# / km?) (# | km?) (# / km?) (# / km?)
Odontocetes
Monodontidae
Beluga 0.0033 0.0066 0.0162 0.0324
Narwhal 0.0000 0.0000 0.0000 0.0001
Delphinidae
Killer whale 0.0001 0.0004 0.0001 0.0004
Phocoenidae
Harbor porpoise 0.0011 0.0016 0.0011 0.0016
Mysticetes
Bowhead whale 0.0018 0.0036 0.0018 0.0036
Fin whale 0.0001 0.0004 0.0001 0.0004
Gray whale 0.0081 0.0162 0.0081 0.0162
Humpback whale 0.0001 0.0004 0.0001 0.0004
Minke whale 0.0001 0.0004 0.0001 0.0004
Pinnipeds
Bearded seal 0.0107 0.0203 0.0142 0.0270
Ribbon seal 0.0003 0.0012 0.0003 0.0012
Ringed seal 0.3668 0.6075 0.4891 0.8100
Spotted seal 0.0073 0.0122 0.0098 0.0162

offshore Chukchi Sea has been estimated as 2/3 the summer densities because ringed seals begin to
reoccupy nearshore fast ice areas as it forms in the fall. Bearded seals may begin to leave the
Chukchi Sea in the fall, but less is known about their movement patterns so fall densities were left
unchanged from summer densities. For comparison, the ringed seal density estimates calculated
from data collected during summer 2006-2008 industry operations ranged from 0.0082/km? to
0.0221/km? with a maximum 95 percent Cl of 0.0577/km? (Haley et al. 2009b). These estimates are
lower than those made by Bengtson et al. (2005) which is not surprising given the different survey
methods and timing.

Little information on spotted seal densities in offshore areas of the Chukchi Sea is available.
Spotted seals are often considered to be predominantly a coastal species except in the spring when
they may be found in the southern margin of the retreating sea ice, before they move to shore.
However, satellite tagging has shown that they sometimes undertake long excursions into offshore
waters during summer (Lowry et al. 1994, 1998). Spotted seal densities in the summer were
estimated by multiplying the ringed seal densities by 0.02. This was based on the ratio of the
estimated Chukchi populations of the two species (Table 1). Chukchi Sea spotted seal abundance
was estimated by assuming that 8% of the Alaskan population of spotted seals is present in the
Chukchi Sea during the summer and fall (Rugh et al. 1997), the Alaskan population of spotted seals
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is 59,214 (Angliss and Allen 2009), and that the population of ringed seals in the Alaskan Chukchi
Sea is >208,000 animals (Bengtson et al. 2005). In the fall, spotted seals show increased use of
coastal haulouts so densities were estimated to be 2/3 of the summer densities.

Ribbon seals have been reported in very small numbers within the Chukchi Sea by observers
on industry vessels (two sightings; Haley et al. 2009b). The resulting density estimate of 0.0003/km?
was used as the average density and a multiplier of 4 was used as the estimated maximum density for
both seasons and habitat zones.

TABLE 3. Expected densities of cetaceans and seals in areas of the Chukchi Sea, Alaska, during the fall
(September—October) period of the seismic survey program. Species listed under the U.S. ESA as endangered are
in italics.

Open Water Ice Margin
Average Maximum Average Maximum
Density Density Density Density
Species (# / km?) (# / km?) (# / km?) (#/ km?)
Odontocetes
Monodontidae
Beluga 0.0162 0.0324 0.0324 0.0648
Narwhal 0.0000 0.0000 0.0000 0.0001
Delphinidae
Killer whale 0.0001 0.0004 0.0001 0.0004
Phocoenidae
Harbor porpoise 0.0010 0.0013 0.0010 0.0013
Mysticetes
Bowhead whale 0.0174 0.0348 0.0348 0.0696
Fin whale 0.0001 0.0004 0.0001 0.0004
Gray whale 0.0062 0.0124 0.0062 0.0124
Humpback whale 0.0001 0.0004 0.0001 0.0004
Minke whale 0.0001 0.0004 0.0001 0.0004
Pinnipeds
Bearded seal 0.0107 0.0203 0.0142 0.0270
Ribbon seal 0.0003 0.0012 0.0003 0.0012
Ringed seal 0.2458 0.4070 0.3277 0.5427
Spotted seal 0.0049 0.0081 0.0065 0.0108

2. SAFETY RADII

As outlined in Section 5, impacts on marine mammals from the planned seismic survey focus
on the sound sources of the seismic airguns. The strengths of airgun pulses can be measured in
different ways, and it is important to know which method is being used when interpreting quoted
source or received levels. Geophysicists usually quote peak-to-peak (p-p) levels, in bar-meters or
(less often) dB re 1 uPa « m. The peak (= zero-to-peak, or 0-p) level for the same pulse is typically
~6 dB less. In the biological literature, levels of received airgun pulses are often described based on
the “average” or “root-mean-square” (rms) level, where the average is calculated over the duration of
the pulse. The rms value for a given airgun pulse is typically ~10 dB lower than the peak level, and
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16 dB lower than the peak-to-peak value (Greene 1997; McCauley et al. 1998, 2000). A fourth
measure that is increasingly used is the energy, or Sound Exposure Level (SEL), in dB re 1 pPa2 e s.
Because the pulses, even when stretched by propagation effects are usually <1 s in duration, the
numerical value of the energy is usually lower than the rms pressure level. Because the level of a
given pulse will differ substantially depending on which of these measures is being applied, it is
important to be aware which measure is in use when interpreting any quoted pulse level. Additional
discussion of the characteristics of airgun pulses is included in Appendix C.

The NMFS commonly refers to rms levels when discussing levels of pulsed sounds that might
“harass” marine mammals. This section describes the methodology and underlying assumptions used
to estimate the safety radii for received levels of 190, 180, 160 and 120 dB re 1pPa (rms) for pulsed
sounds emitted by the airgun array with a total discharge volume of 3000 in®. More specifications of
the airgun array are included in Appendix B. Distances to received sound levels of 160 dB re 1 pPa
(rms) will be used to estimate the potential number of marine mammals subject to Level B
Harassment and forms the basis for the requested take authorization. Distances to received levels of
160, 180 and 190 dB re 1 pPa (rms) are of importance as safety radii for mitigation purposes.

The basis for the estimation of distances to the four received sound levels from the proposed
3000 in® airgun array operating at a depth of 20 ft (6 m) are the 2006, 2007 and 2008 sound source
verification (SSV) measurements in the Chukchi Sea of a similar array, towed at a similar depth. The
measured airgun array had a total discharge volume of 3,147 in® and was composed of three
identically-tuned Bolt airgun sub-arrays, totaling 24 airguns (6 clusters of 2 airguns and 12 single
airguns). The proposed 3000 in® array is also composed of three strings with a total of 26 active
airguns in 13 clusters (five clusters of 10 airguns are inactive and will be used as spares). The
difference in discharge volume would lead to an expected loss of less than 0.2 dB and is neglected in
this assessment. The estimated source level for the full 3000 in® array is 245 dB re 1 uPA rms.
Without measurement data for the specific site to be surveyed, it is reasonable to adopt the maximum
distances obtained from a similar array during previous measurements in the Chukchi Sea. Table 4
summarizes the distances to received levels of 190, 180 160, and 120 dB re 1 pPa (rms) from SSV
measurements of the 3,147 in® airgun array used in the Chukchi Sea during 2006—2008. Table 5 lists
the pre-season distances that are adopted for the proposed survey. Distances for received levels of
120 dB are highly variable, in part because the bottom geoacoustic properties will have a major effect
on received levels at such distances. It is estimated that the distances to received levels of 120 dB of
the proposed array will fall within the ranges listed in Table 4. To estimate the distances to various
received levels from the 60 in® mitigation gun the data from previous measurements of the 30 in® gun
were used. In general the pressure increase relative to a 30 in® gun can be derived by calculating the
square root of (60/30), which is 1.41. This means that the dB levels for the sound pressure levels of a
60 in® will increase by ~3 dB (20Log[1.41]) compared to the 30 in® gun. The distances as
summarized in Table 5 were derived by adding 3 dB to the constant term of the equation RL = 226.6
- 21.2log(R) - 0.00022R (Figure 3.17 in Funk et al. 2008). The estimated source level of this single
60 in® airgun is 230 dB re 1 uPa rms.

The 160-190 dB re 1uPa (rms) radii for the airgun source will be measured during acoustic
verification measurements at the beginning of seismic data acquisition. Based on these
measurements the distance to received levels of 120 dB from the 3000 in® airgun array can be
calculated. The use of >180 and >190 dB safety criteria is consistent with guidelines listed for
cetaceans and pinnipeds, respectively, by NMFS (2000) and other guidance by NMFS. When marine
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mammals are detected in the water at locations within or about to enter the appropriate >180 dB or
>190 dB radii, the airguns will be powered down immediately (or shut down if necessary). A single
60 in® sleeve airgun will be used as the power down (or mitigation) source. More details on
mitigation and monitoring is provided in Section XI and XIIl. Statoil is aware that NMFS may
release new noise-exposure guidelines (NMFS 2005) and is prepared to revise its procedures for
estimating numbers of mammals “taken”, safety radii, etc., as may be required by the new guidelines,
if issued.

TABLE 4. Distances to received sound levels of >190, 180, 170, 160, and 120 dB re 1 pyPa (rms) from the 3147 in®
airgun array and the 30 in® mitigation gun used for “take calculations” during 2006, 2007 and 2008 seismic surveys in
the Chukchi Sea as reported in the 90-day reports.

Received levels Distance (m) 3147 in3 airgun array Distance (m) 30 in3 mitigation airgun
(dB re 1 pPa rms)” 2006" 2007° 2008° 2007° 2008°
190 460 550 610 10 10
180 1,400 2,470 2,000 24 10
160 8,000 8,100 13,000 1,360 1,900
120 82,890 66,000 120,000 41,100 47,000
Water depth (m) 42 -- 37-43 -- 37-43

#Received levels of airgun sounds are expressed in dB re 1 puPa (rms, averaged over pulse duration).
> Blackwell et al. 2007

© Funk et al. 2008

% Hannay and Warner 2009

TABLE 5. Estimated distances to received sound levels >190, 180, 170, 160, and 120 dB re 1 pPa (rms) from the
3000 in® airgun array and the 60 in® mitigation gun of the proposed seismic survey. These distances are based on
measurements in the Chukchi Sea from a similar airgun array (see Table 4).

) Distance (m)
Received levels

(dB re 1 yParms)?® 3000 in® 60 in°
(full airgun array) (mitigation gun)
190 700 75
180 2,500 220
160 13,000 1,800
120 70,000-120,000 50,000

#Received levels of airgun sounds are expressed in dB re 1 pPa (rms, averaged over
pulse duration).

3. POTENTIAL NUMBER OF “TAKES BY HARASSMENT”

This subsection provides estimates of the number of individuals potentially exposed to sound
levels >160 dB re 1 pPa (rms). The estimates are based on a consideration of the number of marine
mammals that might be disturbed appreciably by operations in the Chukchi Sea and the anticipated
area exposed to rms sound levels of 160 dB.
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As described above, marine mammal density estimates for the Chukchi Sea have been derived
for two time periods, the summer period (July—August), and the fall period (September—October).
Animal densities encountered in the Chukchi Sea during both of these time periods will further
depend on the habitat zone within which the source vessel is operating, i.e., open water or ice margin.
The seismic source vessel is not an icebreaker and cannot tow survey equipment through pack ice.
Under this assumption, densities of marine mammals expected to be observed near ice margin areas
have been applied to 10% of the proposed 3D survey area and 2D tracklines in both seasons.
Densities of marine mammals expected to occur in open water areas have been applied to the
remaining 90% of the 3D survey and 2D tracklines area in both seasons.

The number of individuals of each species potentially exposed to received levels >160 dB re 1
uPa (rms) within each season and habitat zone was estimated by multiplying

o the anticipated area to be ensonified to the specified level in each season and habitat zone
to which that density applies, by

o the expected species density.

The numbers of individuals potentially exposed were then summed for each species across the
two seasons and habitat zones. Some of the animals estimated to be exposed, particularly migrating
bowhead whales, might show avoidance reactions before being exposed to >160 dB re 1 pPa (rms).
Thus, these calculations actually estimate the number of individuals potentially exposed to >160 dB
that would occur if there were no avoidance of the area ensonified to that level.

3D Seismic Survey Area

The size of the proposed 3D seismic survey area is 915 mi? (2,370 km?) and located >100 mi
(160 km) offshore. Approximately 1/4 of the area (~234 mi [~606 km?]) is expected to be surveyed
in August (weather depending). This area, with a 160 dB radius of 8 mi (13 km) along each point of
its perimeter equals a total area of ~1,081 mi? (~2,799 km?). Summer marine mammal densities from
Table 2 have been applied to this area. The other 3/4 of the survey area (~687 mi® [~1,779 km?]) is
expected to be covered in September—October. This area, also with a 160 dB radius of 8 mi (13 km)
along each point of its perimeter results in a total area of ~1,813 mi® (~4,695 km?). Fall marine
mammal densities from Table 3 have been applied to this area. Based on these assumptions and
those described above, the estimates of marine mammals potentially exposed to sounds >160 dB in
the Chukchi Sea from seismic data acquisition in the 3D survey area were calculated in (Table 6).
For the common species, the requested numbers were calculated as described above and based on the
average and maximum densities reported. For less common species, for which minimum density
estimates were assumed, the numbers were set to a minimum to allow for chance encounters. The
mitigation gun (60 in®) will be active during turns extending about 1.6 mi (2.5 km) outside the 3D
survey area. The estimated 160 dB radius for the 60 in® mitigation gun is 5,906 ft (1,800 m) and
therefore falls well within the area expected to be exposed to received sound levels of >160 dB of the
3D survey area.

2D Seismic Survey Lines

Seismic data along the ~420 mi (675 km) of four 2D survey tracklines might be acquired with
the full airgun array if access to the 3D survey area is restricted (e.g., ice conditions), or 3D
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acquisition progress is better than anticipated. Under the assumption that these restrictive weather
conditions will mainly be an issue in the early summer season, 80 % of the 2D tracklines are assumed
to be acquired during August and 20% during the fall. The total area potentially exposed to >160 dB
from these tracklines was calculated with the trackline sections outside the 3D survey area.
Excluding these sections results in a total trackline length of ~285 mi (460 km). With a 160 dB
radius of ~8 mi (13 km) this results in a total exposed area of ~7,432 mi? (11,960 km?). Such
summer densities were used for 80% of the total area (5,945 mi® [9,568 km?]) and fall densities for
the remaining 20% (1,486 mi? [2,392 km?]). Following a similar approach as for the 3D survey area,
numbers of more common marine mammal species were calculated based on the average and
maximum densities and for less common species the numbers were set to a minimum to allow for
chance encounters. The results of estimates of marine mammals potentially exposed to sounds >160
dB in the Chukchi Sea from seismic data acquisition along the 2D tracklines are presented in Table 7.

Summary

Based on density estimates, the endangered cetacean species expected to be most exposed to
received sound levels of >160 dB is the bowhead whale, unless they avoid the survey vessel before
the received levels reach 160 dB. Migrating bowheads are likely to do so, though many of the
bowheads engaged in other activities, particularly feeding and socializing may not. Two other
endangered cetacean species that may be encountered in the area (fin whale and humpback whale)
are unlikely to be exposed given their known distribution patterns. Our estimate of the number of
bowhead whales potentially exposed to >160 dB during data acquisition in the 3D survey area ranges
between 95 and 190 (Table 6), and for the 2D tracklines 32 and 63 (Table 7). Our estimate of the
number of fin and humpback whales potentially exposed to >160 dB is between 1 and 5 for both the
3D survey and 2D lines.

The other cetacean species most likely to be exposed to airgun sounds with received levels
>160 dB are gray whales, beluga whales, and the harbor porpoise. Average and maximum estimates
of the number of exposures for these species during the 3D seismic survey are 52 and 104 (gray
whale), 97 and 193 (beluga), and 8 and 11 (harbor porpoise; Table 6). For the 2D survey tracklines
these numbers are 46 and 92, 43 and 87, and 6 and 9, for gray whale, beluga and harbor porpoise,
respectively (Table 7). The narwhal, killer whale and minke whale are not common in the area and
the estimated numbers of exposure for these species is therefore lower (between 0 and 5; Table 6, 7).

Of the pinnipeds, the ringed seal is the most widespread and abundant species in ice-covered
arctic waters. This species is therefore most likely to be encountered and potentially exposed to
received sound levels of >160 dB re 1 pPa (rms) during seismic data acquisition in the proposed 3D
survey area and along the 2D tracklines. The average and maximum number of ringed seals that
might be encountered and exposed to >160 dB is estimated to be 2,253 and 3,732 for the 3D survey
area and 2,117 and 3,506 for the 2D lines.

The other two seal species (other than the Pacific walrus) that are expected to be encountered
and thus potentially exposed to received sound levels of >160 dB are the bearded and spotted seal.
Estimated number of exposures during the 3D survey range from 82 to 157 for the bearded seal and
from 45 to 74 for the spotted seal (Table 6). For the 2D survey tracklines these numbers are 66 and
125, and 42 and 70, respectively (Table 7). The ribbon seal is unlikely to be encountered, but their
presence cannot be ruled out. Number of exposures is estimated to be between 0 and 5.
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TABLE 6. Estimates of the total numbers of animals for each marine mammal species that may potentially be exposed to received underwater sound levels of

>160 dB during Statoil's proposed 3D seismic survey in summer (August) and fall (September—November) in the Chukchi Sea, Alaska.

Number of Exposures to Sound Levels 2160 dB re 1uPa

Summer Fall
Open Water Ice Margin Total Open Water Ice Margin Total Grand Total
Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max.
Odontocetes
Beluga 8 17 5 9 13 26 68 137 15 30 84 167 97 193
Narwhal 0 0 0 0 0 0 0 0 0 0 0 0 0 5
Killer whale 0 1 0 0 0 1 0 2 0 0 0 2 1 5
Harbor porpoise 3 4 0 0 3 4 4 5 0 1 5 6 8 11
Mysticetes
Bowhead whale 5 9 1 1 5 10 74 147 16 33 90 180 95 190
Fin whale 0 1 0 0 0 1 0 2 0 0 0 2 1 5
Gray whale 20 41 2 5 23 45 26 52 3 6 29 58 52 104
Humpback Whale 0 1 0 0 0 1 0 2 0 0 0 2 1 5
Minke whale 0 1 0 0 0 1 0 2 0 0 0 2 1 5
Pinnipeds
Bearded seal 27 51 4 8 31 59 45 86 7 13 52 98 82 157
Ribbon seal 1 3 0 0 1 3 1 5 0 1 1 6 2 9
Ringed seal 924 1530 137 227 1061 1757 1039 1720 154 255 1192 1975 2253 3732
Spotted seal 18 31 3 5 21 35 21 34 3 5 24 39 45 74

NOTE: Due to ice cover restrictions of the proposed survey, 90% of the seismic survey area was considered as open water region and 10% as ice margin region.

uaye] aq Aew ey Sjewwey suldep Jo SIaquinN IA



€€

TABLE 7. Estimates of the total numbers of animals for each marine mammal species that may potentially be exposed to received underwater sound levels of
>160 dB during Statoil's proposed 2D tie line survey in summer (August) and fall (September—November) in the Chukchi Sea, Alaska.

Number of Exposures to Sound Levels 2160 dB re 1uPa

Summer Fall
Open Water Ice Margin Total Open Water Ice Margin Total Grand Total
Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max.
Odontocetes
Beluga 28 57 16 31 44 88 35 70 8 16 43 85 87 173
Narwhal 0 0 0 0 0 0 0 0 0 0 0 0 0 5
Killer whale 1 3 0 0 1 4 0 1 0 0 0 1 1 5
Harbor porpoise 9 14 1 2 11 15 2 3 0 0 2 3 13 18
Mysticetes
Bowhead whale 16 31 2 3 17 34 37 75 8 17 46 92 63 126
Fin whale 1 3 0 0 1 4 0 1 0 0 0 1 1 5
Gray whale 70 140 8 16 78 155 13 27 1 3 15 30 92 185
Humpback Whale 1 3 0 0 1 4 0 1 0 0 0 1 1 5
Minke whale 1 3 0 0 1 4 0 1 0 0 0 1 1 5
Pinnipeds
Bearded seal 92 174 14 26 105 200 23 44 3 6 26 50 132 250
Ribbon seal 3 10 0 1 3 11 1 3 0 0 1 3 4 14
Ringed seal 3159 5231 468 775 3627 6006 529 876 78 130 607 1006 4234 7012
Spotted seal 63 105 9 16 73 120 11 17 2 3 12 20 85 140

NOTE: Due to ice cover restrictions of the proposed survey, 90% of the seismic survey area was considered as open water region and 10% as ice margin region.
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4. CONCLUSIONS RELATED TO “TAKE ESTIMATES”

Cetaceans

Most of the bowhead whales encountered during the summer will likely show overt
disturbance (avoidance) only if they receive airgun sounds with levels >160 dB re 1 pPa (rms).
Odontocete reactions to seismic energy pulses are usually assumed to be limited to shorter distances
from the airgun(s) than are those of mysticetes, probably in part because odontocete low-frequency
hearing is assumed to be less sensitive than that of mysticetes. However, at least when in the
Canadian Beaufort Sea in summer, belugas appear to be fairly responsive to seismic energy, with few
being sighted within 6-12 mi (10-20 km) of seismic vessels during aerial surveys (Miller et al.
2005). Belugas will likely occur in small numbers in the Chukchi Sea during the survey period and
few will likely be affected by the survey activity.

Taking into account the mitigation measures that are planned, effects on cetaceans are
generally expected to be restricted to avoidance of a limited area around the survey operation and
short-term changes in behavior, falling within the MMPA definition of “Level B harassment”.
Furthermore, the estimated numbers of animals potentially exposed to sound levels sufficient to
cause appreciable disturbance are very low percentages of the population sizes in the Bering—
Chukchi-Beaufort seas, as described below.

Based on the >160 dB disturbance criterion, the average estimates of the numbers of cetacean
exposures to sounds >160 dB re 1 pPa (rms) represent <1% of the populations of each species in the
Chukchi Sea and adjacent waters (cf. Table 1). For species listed as “Endangered” under the ESA,
our estimates suggest it is unlikely that fin whales or humpback whales will be exposed to received
levels >160 dB rms, but that an average of ~158 bowheads may be exposed at this level (for 3D and
2D numbers added together). This is <1% of the Bering—Chukchi—Beaufort population of ~14,420
assuming a 3.4% annual population growth from the 2004 estimate of 11,800 animals (Koski et al.
2009).

Some beluga whales may be exposed to sounds produced by the airgun arrays during the
proposed survey, and the numbers potentially affected are small relative to the population sizes
(Table 6). The average estimates of the number of belugas that might be exposed to >160 dB during
both the 3D survey and 2D tracklines (~184) represents <1% of the Beaufort and Eastern Chukchi
Sea stocks.

The many reported cases of apparent tolerance by cetaceans of seismic exploration, vessel
traffic, and some other human activities show that co-existence is possible. Mitigation measures
such as controlled vessel speed, dedicated marine mammal observers, non-pursuit, and shut downs or
power downs when marine mammals are seen within defined ranges will further reduce short-term
reactions and minimize any effects on hearing sensitivity. In all cases, the effects are expected to be
short-term, with no lasting biological consequence. Potential impacts on subsistence resources are
addressed in Section VIII.
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Pinnipeds

Three pinniped species are likely to be encountered in and near the seismic survey area, of
which the ringed seal is by far the most abundant marine mammal species. The average estimate of
the number of ringed seals exposed to airgun sounds at received levels >160 dB re 1 uPa (rms)
during seismic data acquisition in the 3D survey area is 2,253, and 4,234 for the 2D tracklines.
These number represent <1% of the Bering—Chukchi Sea stock and Beaufort Sea stock. The
estimated numbers of exposure for the bearded seals and spotted seals also represent <1% of their
populations. It is probable that only a small percentage of the pinnipeds exposed to sound level >160
dB would actually be disturbed. The short-term exposures of pinnipeds to airgun sounds are not
expected to result in any long-term negative consequences for the individuals or their populations.
Potential impacts on subsistence resources are addressed in Section VIII.

VII. ANTICIPATED IMPACT ON SPECIES OR STOCKS

The anticipated impact of the activity upon the species or stock of marine mammal.

In this section we summarize the potential impacts of airgun operations on marine mammals,
where relevant specific to the proposed survey. A more comprehensive review of the relevant
background information appears in Appendix C. In the text below we have not included all relevant
literature references, however, these are provided in the relevant sections of Appendix C and in the
Literature Cited section of that Appendix.

1. POTENTIAL EFFECTS OF AIRGUN SOUNDS

The effects of sounds from airguns might include one or more of the following: tolerance,
masking of natural sounds, behavioral disturbance, and at least in theory, temporary or permanent
hearing impairment, or non-auditory physical effects (Richardson et al. 1995). It is unlikely that
there would be any cases of temporary or especially permanent hearing impairment, or non-auditory
physical effects.

Tolerance

Numerous studies have shown that pulsed sounds from airguns are often readily detectable in
the water at distances of many kilometers. For a summary of the characteristics of airgun pulses, see
Appendix C, Section 3. Numerous studies have shown that marine mammals at distances more than
a few kilometers from operating seismic vessels often show no apparent response—see Appendix C,
Section 5. This is often true even in cases when the pulsed sounds must be readily audible to the
animals based on measured received levels and the hearing sensitivity of that mammal group.
Although various baleen whales, toothed whales, and (less frequently) pinnipeds have been shown to
react behaviorally to airgun pulses under some conditions, at other times mammals of all three types
have shown no overt reactions. In general, pinnipeds and small odontocetes seem to be more tolerant
of exposure to airgun pulses than are baleen whales.
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Masking

Introduced underwater sound will, through masking, reduce the effective communication
distance of a marine mammal species if the frequency of the source is close to that used as a signal
by the marine mammal, and if the anthropogenic sound is present for a significant fraction of the
time (Richardson et al. 1995). Masking effects of pulsed sounds (even from large arrays of airguns)
on marine mammal calls and other natural sounds are expected to be limited, although there are few
specific studies on this. Some whales are known to continue calling in the presence of seismic pulses
and their calls can be heard between the pulses (e.g., Richardson et al. 1986; McDonald et al. 1995;
Greene et al. 1999a,b; Nieukirk et al. 2004; Smultea et al. 2004; Holst et al. 2005a,b, 2006; Dunn and
Hernandez 2009). Bowhead whales in the Beaufort Sea may decrease their call rates in response to
seismic operations, although movement out of the area might also have contributed to the lower call
detection rate (Blackwell et al. 2009a,b). In contrast, Di lorio and Clark (2009) found evidence of
increased calling by blue whales during operations by a lower-energy seismic source—a sparker.
Masking effects of seismic pulses are expected to be negligible in the case of the smaller odontocete
cetaceans, given the intermittent nature of seismic pulses. Also, the sounds important to small
odontocetes are predominantly at much higher frequencies than are airgun sounds. Masking effects,
in general, are discussed further in Appendix C, Section 4.

Disturbance Reactions

Disturbance includes a variety of effects, including subtle changes in behavior, more
conspicuous changes in activities, and displacement. Based on NMFS (2001, p. 9293), we assume
that simple exposure to sound, or brief reactions that do not disrupt behavioral patterns in a
potentially significant manner, do not constitute harassment or “taking”. By potentially significant,
we mean “in a manner that might have deleterious effects to the well-being of individual marine
mammals or their populations”.

Reactions to sound, if any, depend on species, state of maturity, experience, current activity,
reproductive state, time of day, and many other factors. If a marine mammal does react briefly to an
underwater sound by changing its behavior or moving a small distance, the impacts of the change are
unlikely to be significant to the individual, let alone the stock or the species as a whole. However, if
a sound source displaces marine mammals from an important feeding or breeding area for a
prolonged period, impacts on the animals could be significant (e.g., Lusseau and Bejder 2007;
Weilgart 2007). Given the many uncertainties in predicting the quantity and types of impacts of
noise on marine mammals, it is common practice to estimate how many mammals were present
within a particular distance of industrial activities and/or exposed to a particular level of industrial
sound. In most cases this approach likely overestimates the numbers of marine mammals that are
affected in some biologically important manner. One of the reasons for this is that the selected
distances/isopleths are based on limited studies indicating that some animals exhibited short-term
reactions at this distance or sound level, whereas the calculation assumes that all animals exposed to
this level would react in a biologically significant manner.

The sound criteria used to estimate how many marine mammals might be disturbed to some
biologically important degree by a seismic program are based on behavioral observations during
studies of several species. However, information is lacking for many species. Detailed studies have
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been done on humpback, gray, and bowhead whales, and on ringed seals. Less detailed data are
available for some other species of baleen whales, sperm whales, small toothed whales, but for many
species there are no data on responses to marine seismic surveys

Baleen Whales

Baleen whales generally tend to avoid operating airguns, but avoidance radii are quite variable
among species, locations, whale activities, oceanographic conditions affecting sound propagation,
etc. (reviewed in Richardson et al. 1995; Gordon et al. 2004). Whales are often reported to show no
overt reactions to pulses from large arrays of airguns at distances beyond a few kilometers, even
though the airgun pulses remain well above ambient noise levels out to much longer distances.
However, as reviewed in Appendix C, Section 5, baleen whales exposed to strong noise pulses from
airguns often react by deviating from their normal migration route and/or interrupting their feeding
and moving away. In the case of the migrating gray and bowhead whales, the observed changes in
behavior appeared to be of little or no biological consequence to the animals. They simply avoided
the sound source by displacing their migration route to varying degrees, but within the natural
boundaries of the migration corridors.

Studies of gray, bowhead, and humpback whales have determined that received levels of
pulses in the 160-170 dB re 1uPa rms range seem to cause obvious avoidance behavior in a
substantial fraction of the animals exposed. In many areas, seismic pulses from large arrays of
airguns diminish to those levels at distances ranging from 2 to 9 mi (4 to 15 km) from the source. A
substantial proportion of the baleen whales within those distances may show avoidance or other
disturbance reactions to the airgun array. Subtle behavioral changes sometimes become evident at
somewhat lower received levels, and studies reviewed in Appendix C, Section 5.1 have shown that
some species of baleen whales, notably bowhead and humpback whales, at times show strong
avoidance at received levels lower than 160-170 dB re 1uPa rms.

Bowhead whales migrating west across the Alaskan Beaufort Sea in autumn, in particular, are
unusually responsive, with avoidance occurring out to distances of 12-19 mi (20-30 km) from a
medium-sized airgun source (Miller et al. 1999; Richardson et al. 1999). However, more recent
research on bowhead whales (Miller et al. 2005; Lyons et al. 2008; Christi et al. 2009) corroborates
earlier evidence that, during the summer feeding season, bowheads are not as sensitive to seismic
sources. In summer, bowheads typically begin to show avoidance reactions at a received level of
about 160-170 dB re 1uPa rms (Richardson et al. 1986; Ljungblad et al. 1988; Miller et al. 1999).

Malme et al. (1986, 1988) studied the responses of feeding eastern gray whales to pulses from
a single 100 in® airgun off St. Lawrence Island in the northern Bering Sea. They estimated, based on
small sample sizes, that 50% of feeding gray whales ceased feeding at an average received pressure
level of 173 dB re 1uPa on an (approximate) rms basis, and that 10% of feeding whales interrupted
feeding at received levels of 163 dB. Those findings were generally consistent with the results of
experiments conducted on larger numbers of gray whales that were migrating along the California
coast, and on observations of western Pacific gray whales feeding off Sakhalin Island, Russia
(Wiirsig et al. 1999; Johnson et al. 2007; Meier et al. 2007; Yazvenko et al. 2007).

Data on short-term reactions (or lack of reactions) of cetaceans to impulsive noises do not
necessarily provide information about long-term effects. It is not known whether impulsive noises
affect reproductive rate or distribution and habitat use in subsequent days or years. However, gray
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whales continued to migrate annually along the west coast of North America despite intermittent
seismic exploration and much ship traffic in that area for decades (Appendix A in Malme et al.
1984). Bowhead whales continued to travel to the eastern Beaufort Sea each summer despite seismic
exploration in their summer and autumn range for many years (Richardson et al. 1987). Populations
of both gray whales and bowhead whales grew substantially during this time. In any event, the brief
exposures to sound pulses from the proposed airgun source are highly unlikely to result in prolonged
effects.

Toothed Whales

Little systematic information is available about reactions of toothed whales to noise pulses.
Few studies similar to the more extensive baleen whale/seismic pulse work summarized above and
(in more detail) in Appendix C have been reported for toothed whales. However, there are recent
systematic data on sperm whales, and there is also an increasing amount of information about
responses of various odontocetes to seismic surveys based on monitoring studies (e.g., Stone 2003;
Smultea et al. 2004; Moulton and Miller 2005; and many others as summarized in Appendix C,
Section 5.2).

Seismic operators and marine mammal observers sometimes see dolphins and other small
toothed whales near operating airgun arrays, but in general there seems to be a tendency for most
delphinids to show some limited avoidance of seismic vessels operating large airgun systems.
However, some dolphins seem to be attracted to the seismic vessel and floats, and some ride the bow
wave of the seismic vessel even when large arrays of airguns are firing. Nonetheless, there have
been indications that small toothed whales sometimes move away, or maintain a somewhat greater
distance from the vessel, when a large array of airguns is operating than when it is silent (e.g., Goold
1996a,b,c; Calambokidis and Osmek 1998; Stone 2003).

Beluga may be a species that (at least at times) shows long-distance avoidance of seismic
vessels. Aerial surveys during seismic operations in the southeastern Beaufort Sea recorded much
lower sighting rates of beluga whales within 6-12 mi (10-20 km) of an active seismic vessel. These
results were consistent with the low number of beluga sightings reported by observers aboard the
seismic vessel, suggesting that some belugas might be avoiding the seismic operations at distances of
6-12 mi (10-20 km; Miller et al. 2005). Captive bottlenose dolphins and (of more relevance in this
project) beluga whales exhibit changes in behavior when exposed to strong pulsed sounds similar in
duration to those typically used in seismic surveys (Finneran et al. 2002, 2005). However, the
animals tolerated high received levels of sound (pk—pk level >200 dB re 1uPa) before exhibiting
aversive behaviors. With the presently-planned source, such levels would be limited to distances less
than 656 ft (200 m) of the 26-airgun array in shallow water. The reactions of belugas to the Statoil
survey are likely to be more similar to those of free-ranging belugas exposed to airgun sound (Miller
et al. 2005) than to those of captive belugas exposed to a different type of strong transient sound
(Finneran et al. 2000, 2002).

Porpoises, like delphinids, show variable reactions to seismic operations, and reactions
apparently depend on species. The limited available data suggest that harbor porpoises show
stronger avoidance of seismic operations than Dall’s porpoises (Stone 2003; MacLean and KoskKi
2005; Bain and Williams 2006). In Washington State waters, the harbor porpoise—despite being
considered a high-frequency specialist—appeared to be the species affected by the lowest received
level of airgun sound (<145 dB re 1 uPa rms at a distance >43 mi [>70 km]; Bain and Williams
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2006). Similarly, during seismic surveys with large airgun arrays off the U.K. in 1997-2000, there
were significant differences in directions of travel by harbor porpoises during periods when the
airguns were shooting vs. silent (Stone 2003; Stone and Tasker 2006).

Odontocete reactions to large arrays of airguns are variable and, at least for delphinids, seem to
be confined to a smaller radius than has been observed for mysticetes (Appendix C). A >170 dB
disturbance criterion (rather than >160 dB) is considered appropriate for delphinids (and pinnipeds),
which tend to be less responsive than other cetaceans. However, based on the limited existing
evidence, belugas should not be grouped with delphinids in the “less responsive” category. For the
proposed survey a >160 dB disturbance criterion will be used for all marine mammal species.

Pinnipeds

Pinnipeds are not likely to show a strong avoidance reaction to the airgun sources that will be
used. Visual monitoring from seismic vessels has shown only slight (if any) avoidance of airguns by
pinnipeds, and only slight (if any) changes in behavior—see Appendix C, Section 5. Ringed seals
frequently do not avoid the area within a few hundred meters of operating airgun arrays (Harris et al.
2001; Moulton and Lawson 2002; Miller et al. 2005). Vessel-based monitoring in the Alaskan
Chukchi and Beaufort seas during 2006-2008 show indications of a tendency for phocid seals to
exhibit localized avoidance of the seismic source vessel when airguns are firing (Reiser et al. 2009).
However, initial telemetry work suggests that avoidance and other behavioral reactions by two other
species of seals to small airgun sources may at times be stronger than evident to date from visual
studies of pinniped reactions to airguns (Thompson et al. 1998). Even if reactions of the species
occurring in the present study area are as strong as those evident in the telemetry study, reactions are
expected to be confined to relatively small distances and durations, with no long-term effects on
pinniped individuals or populations. As for delphinids, a >170 dB disturbance criterion is considered
appropriate for pinnipeds, which tend to be less responsive than many cetaceans.

Hearing Impairment and Other Physical Effects

Temporary or permanent hearing impairment is a possibility when marine mammals are
exposed to very strong sounds, but there has been no specific documentation of this for marine
mammals exposed to sequences of airgun pulses. Current NMFS policy regarding exposure of
marine mammals to high-level sounds is that cetaceans and pinnipeds should not be exposed to
impulsive sounds >180 and >190 dB re 1 uPa (rms), respectively (NMFS 2000). Those criteria have
been used in defining the safety (shut down) radii planned for the proposed seismic survey.
However, those criteria were established before there were any data on the minimum received levels
of sounds necessary to cause temporary auditory impairment in marine mammals. As discussed in
Appendix C, Section 6 and summarized here,

o the 180 dB criterion for cetaceans is probably quite precautionary, i.e., lower than
necessary to avoid temporary threshold shift (TTS), let alone permanent auditory injury, at
least for belugas and delphinids.

¢ the minimum sound level necessary to cause permanent hearing impairment is higher, by a
variable and generally unknown amount, than the level that induces barely-detectable TTS.
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e the level associated with the onset of TTS is often considered to be a level below which
there is no danger of permanent damage.

Recommendations for new science-based noise exposure criteria for marine mammals,
frequency-weighting procedures, and related matters were published recently (Southall et al. 2007).
Those recommendations have not, as of late 2009, been formally adopted by NMFS for use in
regulatory processes and during mitigation programs associated with seismic surveys. NMFS has
indicated that it may issue new noise exposure criteria for marine mammals that account for the now-
available scientific data. Preliminary information about possible changes in the regulatory and
mitigation requirements, and about the possible structure of new criteria, was given by Wieting
(2004) and NMFS (2005).

Several aspects of the planned monitoring and mitigation measures for this project are
designed to detect marine mammals occurring near the airguns to avoid exposing them to sound
pulses that might, at least in theory, cause hearing impairment (see Section XI). In addition, many
cetaceans are likely to show some avoidance of the area with high received levels of airgun sound
(see above). In those cases, the avoidance responses of the animals themselves will reduce or (most
likely) avoid any possibility of hearing impairment.

Non-auditory physical effects might also occur in marine mammals exposed to strong
underwater pulsed sound. Possible types of non-auditory physiological effects or injuries that
theoretically might occur in mammals close to a strong sound source include stress, neurological
effects, bubble formation, and other types of organ or tissue damage. It is possible that some marine
mammal species (i.e., beaked whales) may be especially susceptible to injury and/or stranding when
exposed to strong pulsed sounds. However, as discussed below, there is no definitive evidence that
any of these effects occur even for marine mammals in close proximity to large arrays of airguns and
beaked whales do not occur in the proposed study area. It is unlikely that any effects of these types
would occur during the proposed project given the brief duration of exposure of any given mammal,
and the planned monitoring and mitigation measures (see below). The following subsections discuss
in somewhat more detail the possibilities of TTS, permanent threshold shift (PTS), and non-auditory
physical effects.

Temporary Threshold Shift (TTS)

TTS is the mildest form of hearing impairment that can occur during exposure to a strong
sound (Kryter 1985). Most cetaceans show some degree of avoidance of seismic vessels operating
an airgun array (see above). It is unlikely that these cetaceans would be exposed to airgun pulses at a
sufficiently high level for a sufficiently long period to cause more than mild TTS, given the relative
movement of the vessel and the marine mammal. TTS would be more likely in any odontocetes that
bow- or wake-ride or otherwise linger near the airguns. However, while bow- or wake-riding,
odontocetes would be at the surface and thus not exposed to strong sound pulses given the pressure-
release and Lloyd Mirror effects at the surface. But if bow- or wake-riding animals were to dive
intermittently near airguns, they would be exposed to strong sound pulses, possibly repeatedly.

A detailed overview of current available information is provided in Appendix C to this
application. Overall, based on current knowledge and implementation of mitigation measures as
described, there is little potential for baleen whales, odontocetes and pinnipeds that show avoidance
of operating airguns to be close enough to an airgun array to experience TTS. In the event that a few
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individual cetaceans did incur TTS through exposure to strong airgun sounds, this is a temporary and
reversible phenomenon unless the exposure exceeds the TTS-onset threshold by a sufficient amount
that PTS might be incurred (see below). If TTS but not PTS were incurred, it would most likely be
mild, in which case recovery is expected to be quick (probably within minutes).

Permanent Threshold Shift (PTS)

When PTS occurs, there is physical damage to the sound receptors in the ear. In some cases,
there can be total or partial deafness, whereas in other cases, the animal has an impaired ability to
hear sounds in specific frequency ranges.

There is no specific evidence that exposure to pulses of airgun sound can cause PTS in any
marine mammal, even with large arrays of airguns. However, given the possibility that mammals
close to an airgun array might incur TTS, there has been further speculation about the possibility that
some individuals occurring very close to airguns might incur PTS. Single or occasional occurrences
of mild TTS are not indicative of permanent auditory damage in terrestrial mammals. Relationships
between TTS and PTS thresholds have not been studied in marine mammals, but are assumed to be
similar to those in humans and other terrestrial mammals. PTS might occur at a received sound level
at least several decibels above that inducing mild TTS if the animal were exposed to the strong sound
pulses with very rapid rise time—see Appendix C, Section 6.

In the proposed project, marine mammals are unlikely to be exposed to received levels of
seismic pulses strong enough to cause more than slight TTS. Given the higher level of sound
necessary to cause PTS, it is even less likely that PTS could occur. In fact, even the levels
immediately adjacent to the airgun may not be sufficient to induce PTS, especially because a
mammal would not be exposed to more than one strong pulse unless it swam immediately alongside
the airgun for a period longer than the inter-pulse interval. Baleen whales, and apparently belugas as
well, generally avoid the immediate area around operating seismic vessels. The planned monitoring
and mitigation measures, including visual monitoring, power downs, and shut downs of the airguns
when mammals are seen within the “safety radii”, will minimize the already-minimal probability of
exposure of marine mammals to sounds strong enough to induce PTS.

Non-auditory Physiological Effects

Non-auditory physiological effects or injuries that theoretically might occur in marine
mammals exposed to strong underwater sound include stress, neurological effects, bubble formation,
and other types of organ or tissue damage. However, studies examining such effects are very limited.
If any such effects do occur, they probably would be limited to unusual situations when animals
might be exposed at close range for unusually long periods. It is doubtful that any single marine
mammal would be exposed to strong seismic sounds for sufficiently long that significant
physiological stress would develop. That is especially the case during the proposed project where the
airgun configuration focuses most energy downward, the ship is moving at 4-5 knots, and most
animals are migrating southward.

Until recently, it was assumed that diving marine mammals are not subject to the bends or air
embolism. This possibility was first explored at a workshop (Gentry [ed.] 2002) held to discuss
whether the stranding of beaked whales in the Bahamas in 2000 (Balcomb and Claridge 2001;
NOAA and USN 2001) might have been related to bubble formation in tissues caused by exposure to
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noise from naval sonar. However, the opinions were inconclusive. Jepson et al. (2003) first
suggested a possible link between mid-frequency sonar activity and acute and chronic tissue damage
that results from the formation in vivo of gas bubbles, based on the beaked whale stranding in the
Canary Islands in 2002 during naval exercises. Fernandez et al. (2005a) showed those beaked whales
did indeed have gas bubble-associated lesions as well as fat embolisms. Fernandez et al. (2005b)
also found evidence of fat embolism in three beaked whales that stranded 62 mi (100 km) north of
the Canaries in 2004 during naval exercises. Examinations of several other stranded species have
also revealed evidence of gas and fat embolisms (e.g., Arbelo et al. 2005; Jepson et al. 2005a;
Méndez et al. 2005). Most of the afflicted species were deep divers. There is speculation that gas
and fat embolisms may occur if cetaceans ascend unusually quickly when exposed to aversive
sounds, or if sound in the environment causes the destabilization of existing bubble nuclei (Potter
2004; Arbelo et al. 2005; Fernandez et al. 2005a; Jepson et al. 2005b). Even if gas and fat embolisms
can occur during exposure to mid-frequency sonar, there is no evidence that that type of effect occurs
in response to airgun sounds. Also, most evidence for such effects have been in beaked whales,
which do not occur in the proposed survey area.

In general, little is known about the potential for seismic survey sounds (or other types of
strong underwater sounds) to cause auditory impairment or other physical effects in marine
mammals. Such effects, if they occur at all, would presumably be limited to short distances and to
activities that extend over a prolonged period. The available data do not allow identification of a
specific exposure level above which non-auditory effects can be expected (Southall et al. 2007), or
any meaningful quantitative predictions of the numbers (if any) of marine mammals that might be
affected in these ways.

Strandings and Mortality

Marine mammals close to underwater detonations of high explosive can be killed or severely
injured, and the auditory organs are especially susceptible to injury (Ketten et al. 1993; Ketten 1995).
Airgun pulses are less energetic and have slower rise times, and there is no proof that they can cause
serious injury, death, or stranding to the species occurring in the project area even in the case of large
airgun arrays. Appendix C, Section 6.3 provides additional details.

2. POTENTIAL EFFECTS OF PINGER SIGNALS

A pinger system (DigiRANGE I1) will be used during seismic operations to position the airgun
array and hydrophone streamer relative to the vessel. Sounds from the pingers are very short pulses,
occurring for 10 ms, with source level ~180 dB re 1 pPa-:m at 55 kHz,