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EXECUTIVE SUMMARY

Background and Introduction

Shell Offshore, Inc. (Shell) conducted shallow hazard and site clearance surveys in the Chukchi
Sea during the open—water period of 2009 in support of potential future oil and gas exploration and
development. The surveys were conducted from the M/V Mt. Mitchell which towed a relatively small
airgun array and other geophysical equipment.

Marine seismic surveys emit sounds into the water at levels that could affect marine mammal
behavior and distribution, or perhaps cause temporary or permanent reduction in hearing sensitivity.
These effects could constitute “taking” under the provisions of the U.S. Marine Mammal Protection Act
(MMPA) and the U.S. Endangered Species Act (ESA). The National Marine Fisheries Service (NMFS)
and the U.S. Fish and Wildlife Service (USFWS) share jurisdiction over the marine mammal species that
were likely to be encountered during the project. Shell’s seismic surveys and other exploration activities
in the Chukchi Sea were conducted under the jurisdiction of Incidental Harassment Authorizations (IHA)
issued by NMFS and a Letter of Authorization (LoA) issued by the USFWS. The IHAs and LoA
included provisions to minimize the possibility that marine mammals might occur close to the seismic
source and be exposed to levels of sound high enough to cause hearing damage or other injuries, and to
reduce behavioral disturbances that might be considered as “take by harassment” under the MMPA.

A mitigation program was conducted to avoid or minimize potential effects of Shell’s shallow
hazard and site clearance survey on marine mammals and subsistence hunting, and to ensure that Shell
was in compliance with the provisions of the IHAs and LoA. This required that marine mammal
observers (MMOs) onboard the Mt. Mitchell detect marine mammals within or about to enter the
designated safety radii, and in such cases request an immediate power down (or shut down if necessary)
of the airguns.

The primary objectives of the monitoring and mitigation program were to:
1. provide real-time sighting data needed to implement the mitigation requirements;
2. estimate the numbers of marine mammals potentially exposed to strong seismic pulses; and

3. determine the reactions (if any) of marine mammals potentially exposed to seismic sound
impulses.

This 90-day report describes the methods and results for the monitoring work specifically required to
meet the above primary objectives.

Shallow Hazards and Site Clearance Surveys Described

Measurements of the underwater sound propagation from a 40-in’ airgun array, a two-airgun 20-in’
sub-array, and a single 10-in’ airgun, as well as lower energy geophysical sources on the Mt. Mitchell
were conducted by JASCO near the Honeyguide prospect on 1 Aug 2009 and near the Burger prospect on
16 Aug 2009. Geophysical data were collected from the Mt. Mitchell intermittently from ~1 Aug until
the Mt. Mitchell departed the project area on 9 Oct. The Mt. Mitchell’s airguns were operated along 2477
km (1520 mi) of trackline in the Chukchi Sea. Periods of full array firing plus periods of lead in, lead out,
and ramp up occurred along 1781 km (1107 mi) of trackline, and the single mitigation gun operated along
696 km (432 mi) of trackline.

The airgun source used by Shell and its survey contractor, Fugro Geo Services Inc., consisted of a
40-in’ airgun array towed approximately 47 m (154 ft) aft of the Mt. Mitchell at a depth of ~2 m (6 ft).
The Mt. Mitchell also towed two streamers, 30 m (98 ft) and 300 m (984 ft) in length with a 24- and 48-
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channel hydrophone, respectively, to record reflected sound energy. Seismic pulses were emitted at
intervals of 15 m (16 yd; ~8 sec) while the Mt. Mitchell traveled at a speed of 3.2 to 4 knots (5.9-7.4
km/h, 3.7-4.6 mi/h). In addition to the 40-in’ array, the Mt. Mitchell also had low—energy acoustic
sources that included an echo sounder, sub-bottom profiler, side scan sonar and magnetometer.

Underwater Sound Measurements

As required by the IHAs for Shell’s shallow hazard survey program in the Chukchi Sea in 2009,
sound source verification measurements were performed to quantify sound levels as a function of distance
from geophysical survey sources and vessel noise from the Mt Mitchell, and to verify and possibly revise
pre-survey estimates of the size of marine mammal safety exclusion zones. A second purpose of these
measurements was to provide sound level information used to calculate actual marine mammal “takes”
during a post-field analysis.

Two calibrated Ocean Bottom Hydrophone (OBH) acoustic recording stations were deployed on
the seabed near the Honeyguide and Burger prospects. Measurements of underwater sounds produced by
the Mt Mitchell, the sub-bottom profiler and the 10-, 20- and 40-in’ airgun configurations were made at
distances from 200 m to 1000 m in the broadside (perpendicular to tow) direction and up to 20 km in the
endfire direction. The two-direction measurement approach allowed for determination of possible
directive characteristics of sound emissions from the airgun array. Distances to root-mean-square (rms)
sound pressure thresholds from 100 dB re 1 pPa to 190 dB re 1 pPa were determined from the
measurements at each site. Further analysis was done on the airgun array data to calculate M-weighted
cumulative sound exposure levels (SEL).

Sound levels from the largest airgun configuration with total capacity of 40 in’ were highest
overall, followed by those from the 20-in’ sub-array, and the 10-in’ single airgun. Levels recorded for
vessel sound from the Mt. Mitchell and impulses from a sub-bottom profiler were lower. Measurements
performed at the Burger and Honeyguide prospects were conducted on the same sources using identical
equipment and methods. However, the measured sound levels, especially at longer distances, were found
to be higher at the Burger site than at the Honeyguide site even though water depths were similar.
Spectral and waveform analysis of the bottom-reflected signals showed differences in seabed geoacoustic
properties between the sites. Table ES 1 provides a summary of the distances from all sources to the rms
sound levels.

Table ES 1. Sound level distances for all measured sources at the Honeyguide and Burger sites using the
90" percentile fits. The asterisk denotes ranges that were extrapolated from field measurements.

Measgiigme”t 90% rms SPL (dB re 1 pPa) 190 180 170 160 120
Honeyguide 10-in® airgun range (m) 23* 52* 120* 280 7900
Honeyguide 20-in® airgun array range (m) 37* 86* 200* 460 14000
Honeyguide 40-in® airgun array range (m) 41* 99* 240 600 22000*
Honeyguide Sub-bottom profiler range (m) - - - 16* 680
Honeyguide Mt. Mitchell range (m) - - - 13* 1500
Burger 10-in® airgun range (m) 8* 34* 140* 570 19000
Burger 40-in® airgun array range (m) 39* 150* 530 1800 31000*
Burger Sub-bottom profiler range (m) - - - 11* 860

Burger Mt. Mitchell range (m) - - - 11* 7800
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The THA stipulated specific exclusion and safety zones to be monitored during airgun operations.
These zones were defined by the distances: 50 m, 160 m, and 1400 m corresponding to 190 dB, 180 dB
and 160 dB re 1 pPa rms thresholds. The measured and extrapolated ranges for these sound levels are
included in Table ES 1.

Vessel-Based Marine Mammal Monitoring

In total, 12 sightings of 18 cetaceans, 69 sightings of 71 seals, and 59 sightings of 114 Pacific
walruses were recorded during periods that met the data analysis criteria. Most cetaceans could not be
identified to species but were thought to be gray whales. Two gray whales and one bowhead whale
sighting were confirmed. Ringed seal was the most abundant seal species identified followed by bearded
seal. No other seal species were identified although >40% of the seals observed could not be identified to
species.

Cetacean sighting rates were higher in Jul-Aug than Sep-Oct. Only one cetacean sighting was
recorded during Sep-Oct and no cetaceans were recorded during seismic periods. Seals were also
recorded more frequently during Jul-Aug than Sep-Oct and sighting rates were higher during non-seismic
than seismic periods for both seasons. The higher sighting rates during non-seismic periods suggested
possible localized seal avoidance of the airgun array during seismic periods.

Pacific walrus sighting rates were also higher in Jul-Aug than Sep-Oct. Walrus sighting rates were
much greater during non-seismic than seismic periods during Jul-Aug, but this trend was reversed in Sep-
Oct, although overall sighting rates were much lower in Sep-Oct.

No cetaceans displayed any observable reaction to the vessel. Most cetacean movements relative
to the vessel were neutral or unknown. One cetacean was recorded as swimming away from the vessel.

The most frequently observed seal reaction to the Mt. Mitchell was to “look™ at the vessel, followed
by “change direction” of travel. Seals changed their direction of travel more frequently during seismic
than non-seismic periods. Over 50% of seals however, demonstrated no detectable reaction to the vessel.
The majority of seal movement relative to the vessel was neutral or unknown; smaller numbers of seals
swam away or toward the vessel.

Over 70% of Pacific walruses demonstrated no detectable reaction to the vessel regardless of
seismic activity state. The most commonly observed reaction by walruses to the Mt. Mitchell was to
“look™ at the vessel, followed by “splash,” which was recorded more frequently when the airgun array
was active. Approximately half of the walruses displayed no movement relative to the vessel with
smaller percentages swimming away or toward the vessel. These patterns were similar during seismic
and non-seismic periods.

One power down and two shut downs of the airgun array were requested and implemented due to
Pacific walruses approaching or within the >180 dB (rms) safety radius of the active array. No power
downs of the airguns were requested or implemented for cetaceans, seals, or polar bears during the 2009
survey.

Based on direct observations, no cetaceans or seals were exposed to received sound levels >180 or
190 dB rms, respectively. It is possible that the two Pacific walruses observed within the >180 dB (rms)
safety zone were exposed to received sound levels >180 dB (rms).

Based on densities calculated from sighting rates during non-seismic periods, less than one

individual cetacean would have been exposed one time to seismic sounds >180 dB (rms). Based on similar
density calculations for seals and Pacific walruses, three individual seals would have been exposed once
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each to received levels >190 dB (rms), and ~six individual walruses would have been exposed once to
received levels >180 dB (rms) if these animals did not avoid the active airgun array.
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1. BACKGROUND AND INTRODUCTION*

Shell Offshore, Inc. (Shell) conducted shallow hazard and site clearance surveys in the Chukchi
Sea during the open—water period of 2009 in support of potential future oil and gas exploration and
development. The surveys were conducted from the R/V Mt. Mitchell which towed a relatively small
airgun array and other geophysical survey equipment.

Marine seismic surveys emit sound energy into the water (Greene and Richardson 1988; Tolstoy et
al. 2004a,b) and have the potential to affect marine mammals given the reported auditory and behavioral
sensitivity of many such species to underwater sounds (Richardson et al. 1995; Gordon et al. 2004). The
effects could consist of behavioral or distributional changes, and perhaps (for animals close to the sound
source) temporary or permanent reduction in hearing sensitivity. Potential effects, however, may be
reduced by marine mammals moving away from approaching sound sources (Reiser et al. 2009;
Richardson et al. 1995, 1999; Stone 2003; Gordon et al. 2004; Smultea et al. 2004). Either
behavioral/distributional effects or auditory effects (if they occur) could constitute “taking” under the
provisions of the U.S. Marine Mammal Protection Act (MMPA) and the U.S. Endangered Species Act
(ESA), at least if the effects are considered to be “biologically significant.”

Numerous species of cetaceans and pinnipeds inhabit parts of the Chukchi Sea. The National
Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS) share jurisdiction
over the marine mammal species that could be encountered during the project. Three species under
NMEFS jurisdiction that are listed as “Endangered” under the ESA, including bowhead whale (Balaena
mysticetus), humpback whale (Megaptera novaeangliae), and fin whale (Balaenoptera physalus), do or
may occur in portions of the survey area. Additionally, NMFS initiated a status review to determine if
listing as endangered or threatened under the ESA was warranted for four other species that occur in the
project area including ringed seal (Phoca fasciata), spotted seal (P. largha), bearded seal (Erignathus
barbatus), and ribbon seal (Histriophoca fasciata; NMFS 2008a,b). Subsequently the NMFS (2008c)
announced that listing of the ribbon seal as threatened or endangered was not warranted at this time.
More recently NMFS (2009b) determined that no listing action was warranted for the Bering Sea and
Okhotsk populations of spotted seal. NMFS (2009b) however proposed a rule to list the southern spotted
seal population in the Yellow Sea and Sea of Japan as threatened under the ESA. The USFWS manages
two marine mammal species occurring in the Chukchi Sea, the Pacific walrus (Odobenus rosmarus) and
polar bear (Ursus maritimus). The polar bear was recently listed as threatened under the ESA (USFWS
2008) and a petition to list Pacific walrus as threatened or endangered (CBD 2008) is under consideration
by USFWS.

NMES issued an Incidental Harassment Authorization (IHA) to Shell on 19 Aug 2008 to authorize
non—lethal “takes” of marine mammals incidental to Shell’s planned 3D seismic and shallow hazards
survey operations in the Chukchi Sea during the 2008 open—water season that was valid 20 Aug 2008
through 19 Aug 2009 (Appendix A) or until a new IHA was issued to Shell. Pursuant to Section
101(a)(5)(D) of the MMPA, Shell requested that NMFS issue a similar [HA for shallow hazard and site
clearance work for the 2009 open—water season. A notice announcing Shell’s request for an I[HA was
published in the Federal Register on 1 Jun 2009 and public comments were invited (NMFS 2009a). A
new IHA was issued to Shell by NMFS on 19 Aug 2009 (Appendix A). The IHA authorized “potential
take by harassment” of various cetacean and seal species during the open-water marine survey program
described in this report. This authorization was valid from 19 Aug 2009 through 18 Aug 2010.

! By Robert Rodrigues, Beth Haley, Darren Ireland, and Craig Reiser (LGL).
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On 26 Mar 2009, Shell requested a Letter of Authorization (LoA) from the USFWS for the
incidental “take” of polar bears and Pacific walruses by Shell’s proposed open—water exploration program
in the Chukchi Sea in 2009. The USFWS issued a LoA to Shell to “take” small numbers of polar bears
and Pacific walruses incidental to activities occurring during the 2009 Chukchi Sea open—water
exploration programs. The LoA was issued on 7 Jul 2009 and was valid until 30 Nov 2009 (Appendix B).

This document serves to meet reporting requirements specified in the IHAs and LoA. The primary
purposes of this report are to describe project activities in the Chukchi Sea, to describe the associated
marine mammal monitoring and mitigation programs and their results, and to estimate the numbers of
marine mammals potentially exposed to levels of sound generated by the survey activities at or above
presumed effect levels.

Incidental Harassment Authorization

IHAs issued to seismic operators include provisions to minimize the possibility that marine mam-
mals close to the seismic source might be exposed to levels of sound great enough to cause short or long—
term hearing loss or other injury. During this project, sounds were generated by the Mt. Mitchell’s small
airgun array during the shallow hazards survey activities, and from several types of lower—energy sound
sources that included an echo sounder, sub-bottom profiler, side scan sonar and magnetometer. Given the
nature of the operations and mitigation measures, no serious injuries or deaths of marine mammals were
anticipated from the shallow hazards and site clearance surveys. No such injuries or deaths were
attributed to these activities. Nonetheless, the seismic survey operations described in Chapter 2 had the
potential to “take” marine mammals by harassment. Behavioral disturbance to marine mammals is
considered to be “take by harassment” under the provisions of the MMPA.

Under current NMFS guidelines (e.g., NMFS 2008c¢), “safety radii” for marine mammals around
airgun arrays are customarily defined as the distances within which received pulsed sound levels are >180
dB re 1 pPa (rms)” for cetaceans and =190 dB re 1 pPa (rms) for pinnipeds. Those safety radii are based on
an assumption that seismic pulses at lower received levels will not injure these mammals or impair their
hearing abilities, but that higher received levels might have some such effects. The mitigation measures
required by [HAs are, in large part, designed to avoid or minimize the numbers of cetaceans and pinnipeds
exposed to sound levels exceeding 180 and 190 dB (rms), respectively.

Disturbance to marine mammals could occur at distances beyond safety (shut down) radii if the
mammals were exposed to moderately strong pulsed sounds generated by the airguns or perhaps by sonar
(Richardson et al. 1995). NMFS assumes that marine mammals exposed to airgun sounds with received
levels 2160 dB re 1 pPa (rms) are likely to be disturbed. That assumption is based mainly on data

2 .
“rms” means “root mean square”, and represents a form of average across the duration of the sound pulse as

received by the animal. Received levels of airgun pulses measured on an “rms” basis (sometimes described as
Sound Pressure Level, SPL) are generally 10-12 dB lower than those measured on the “zero—to—peak” basis, and
16-18 dB lower than those measured on a “peak—to—peak” basis (Greene 1997; McCauley et al. 1998, 2000a,b).
The latter two measures are the ones commonly used by geophysicists. Unless otherwise noted, all airgun pulse
levels quoted in this report are rms levels. Received levels of pulsed sounds can also be described on an energy or
“Sound Exposure Level” basis, for which the units are dB re (1 pPa)’. The SEL value for a given airgun pulse, in
those units, is typically 10—15 dB less than the rms level for the same pulse (Greene 1997; McCauley et al. 1998,
2000a,b), with considerable variability (Madsen et al. 2006; see also Chapter 3 of this report). SEL (energy)
measures may be more relevant to marine mammals than are rms values (Southall et al. 2007), but the current
regulatory requirements are based on rms values.
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concerning behavioral responses of baleen whales, as summarized by Richardson et al. (1995) and
Gordon et al. (2004). Dolphins and pinnipeds are generally less responsive than baleen whales (e.g.,
Stone 2003; Gordon et al. 2004), and 170 dB (rms) may be a more appropriate criterion of potential
behavioral disturbance for those groups (LGL Ltd. 2005a,b). In general, disturbance effects are expected
to depend on the species of marine mammal, the activity of the animal at the time of exposure, distance
from the sound source, the received level of sound and the associated water depth. Some individuals may
exhibit behavioral responses at received levels somewhat below the nominal 160 or 170 dB (rms) criteria,
but others may tolerate levels somewhat above 160 or 170 dB (rms) without reacting in any substantial
manner. For example, migrating bowhead whales in the Alaskan Beaufort Sea have shown behavioral
responses, at times including avoidance, at received levels substantially lower than 160 dB re 1 pPa rms
(Miller et al. 1999; Richardson et al. 1999). However, recently acquired acoustic evidence suggests that
some feeding whales may not react as much or in the same manner as suggested by those earlier studies
(Blackwell et al. 2008). Beluga whales may, at times, also show avoidance at received levels below 160
dB (rms) (Miller et al. 2005). In contrast, bowhead whales on the summer feeding grounds tolerate
received levels of 160 dB or sometimes more without showing significant avoidance behavior
(Richardson et al. 1986; Miller et al. 2005; Lyons et al. 2008).

The IHA issued by NMFS to Shell authorized incidental harassment “takes” of three ESA—listed
species including bowhead, humpback, and fin whales, as well as several non—listed species including
gray whale (Eschrichtius robustus), Minke whale (Balaenoptera acutorostrata), killer whale (Orcincus
orca), beluga whale (Delphinapterus leucas), harbor porpoise (Phocoena phocoena), and ringed, spotted,
bearded, and ribbon seals.

NMEFS granted the IHA to Shell on the assumptions that

e the numbers of whales and seals potentially harassed (as defined by NMFS criteria) during
shallow hazards survey operations would be “small”,

e the effects of such harassment on marine mammal populations would be negligible,
e no marine mammals would be seriously injured or killed,

e there would be no unmitigated adverse effects on the availability of marine mammals for sub-
sistence hunting in Alaska, and

e the agreed upon monitoring and mitigation measures would be implemented.
The LoA issued to Shell by USFWS required Shell to observe a 190 dB (rms) safety radius for
polar bears and a 180 dB safety radius for walruses. The 180 dB (rms) safety zone for walruses in 2007

and 2008 was also applied to Shell’s exploratory activities in 2009, and was more conservative than the
190 dB (rms) zone required in 2006.

Mitigation and Monitoring Objectives

The objectives of the mitigation and monitoring program were described in detail in Shell’s IHA
application (Shell 2008) and in the IHA issued by NMFS to Shell (Appendix A). Explanatory material
about the monitoring and mitigation requirements was published by NMFS in the Federal Register
(NMFS 2009a).

The primary objectives of the monitoring program were to
e provide real-time sighting data needed to implement the mitigation requirements;

e estimate the numbers of marine mammals potentially exposed to strong airgun pulses; and
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e determine the reactions (if any) of marine mammals potentially exposed to airgun sound
impulses.

Specific mitigation and monitoring objectives and requirements identified in the IHA and LoA are
described in appendices A and B. Mitigation and monitoring measures that were implemented during the
activities in the Chukchi Sea are described in detail in Chapter 4.

The purpose of the mitigation program was to avoid or minimize potential effects of Shell’s shallow
hazard and site clearance survey on marine mammals and subsistence hunting. This required that
shipboard personnel detect marine mammals within or about to enter the designated safety radii (190 dB
(rms) for pinnipeds and 180 dB (rms) for cetaceans), and in such cases initiate an immediate power down
(or shut down if necessary) of the airguns. A power down involves reducing the source level of the
operating airguns, in this case by reducing the number of airguns firing. A shut down involves
temporarily terminating the operation of all airguns. Additionally, the safety radii were monitored in
good visibility conditions for 30 minutes prior to starting the first airgun and during the ramp up
procedure to ensure that marine mammals were not near the airguns when operations began (see
Appendix A and Chapter 4). The location and timing of survey activities was planned in coordination
with representatives of the North Slope communities to avoid adverse impacts to subsistence harvest of
marine mammals and other resources.

In 2009, mitigation at the 160 dB (rms) isopleth was also required, as specified in the [HA issued
by NMFS, for an aggregation of 12 or more non—migratory mysticete whales. Power down of the seismic
airgun array was required if an aggregation of 12 or more non—migratory mysticete whales was detected
ahead of, or perpendicular to, the survey vessel track and within the 160 dB (rms) isopleth.

Report Organization

This 90—day report describes the methods and results for the mitigation and monitoring work
specifically required to meet the above objectives as required by the IHA and LoA (Appendices A and B).
Other marine mammal and acoustic monitoring and research programs not specifically related to the
above objectives were also implemented by Shell in the Chukchi and Beaufort seas during 2009. Results
of those additional efforts will be reported at a later date.

This report includes five chapters:
background and introduction (this chapter);
description of Shell’s shallow hazard and site clearance survey;

acoustic sound source measurements during the field season;

N -

description of the marine mammal monitoring and mitigation requirements and methods,
including safety radii;

5. results of the marine mammal monitoring and mitigation program for the shallow hazard and
site clearance surveys in the Chukchi Sea;

In addition, there are 11 appendices that provide copies of relevant documents and details of
procedures that are more—or—less consistent during shallow hazard surveys where marine mammal
monitoring and mitigation measures are in place. These procedural details are only summarized in the main
body of this report. The appendices include

A. copies of the IHAs issued by NMFS in 2008 and 2009 to Shell for this study;
B. copies of the Chukchi Sea LoA issued by USFWS to Shell for this study;

C. a copy of the Conflict Avoidance Agreement between Shell, the Alaska Eskimo Whaling
Commission, and the Whaling Captains Associations;
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descriptions of the survey vessel and equipment;

details of monitoring, mitigation, and analysis methods;

Beaufort wind force definitions;

background on marine mammals in the Chukchi Sea;

underwater sound measurement results and English unit tables from Chapter 3;
English unit tables from Chapter 4;

marine mammal monitoring results and English unit tables from Chapter 5;

list of all marine mammal detections;

FRS"CZOMmmO

NMEFS Marine Mammal Stranding Reports for carcasses observed in 2009.
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2. SHALLOW HAZARD AND SITE CLEARANCE SURVEYS
DESCRIBED*

A shallow hazard and site clearance survey is necessary to identify and/or evaluate potentially
hazardous or otherwise sensitive conditions and sites at or below the seafloor that could affect the safety or
appropriateness of operations before drilling can begin. Examples of such conditions include subsurface
faults, fault scarps, shallow gas, steep-walled canyons and slopes, buried channels, current scour, migrating
sedimentary bedforms, ice gouging, permafrost, gas hydrates, unstable sediment conditions, pipelines,
anchors, ordnance, shipwrecks, or other geophysical or man-made features.

Offshore shallow hazard and site clearance surveys use various geophysical methods and tools to
acquire graphic records of seafloor and sub-seafloor geologic conditions. The data acquired and the types of
investigations outlined below are performed routinely prior to exploratory drilling and construction of
production facilities in marine areas, and for submarine pipelines, port facilities, and other offshore projects.
High-resolution geophysical data such as two-dimensional, high-resolution multi-channel seismic, medium
penetration seismic, sub-bottom profiler, side scan sonar, multibeam bathymetry, magnetometer, and
possibly piston core sediment sampling are typical types of data acquired. These data are interpreted to
define geologic, geotechnical and archeological conditions at the site and to assess the potential engineering
significance of these conditions. The following section provides a brief description of the operations and
instrumentation used during Shell’s 2009 shallow hazard and site clearance program in the Chukchi Sea
insofar as they may impact marine mammals.

Marine mammal monitoring was conducted from the M/V Mt. Mitchell during shallow hazard and
site clearance surveys in the Chukchi Sea in 2009. The Mt. Mitchell operated a small airgun array
comprised of four airguns as well as various types of low-energy acoustic sources. The results of the marine
mammal monitoring program were based on observations of marine mammal observers (MMOs) on the Mt.
Mitchell.

The Mt. Mitchell operated in accordance with the provisions of the IHA issued by NMFS
(Appendix A) and the LoA issued by the USFWS (Appendix B), as well as a Conflict Avoidance
Agreement (CAA) between the seismic industry, the Alaska Eskimo Whaling Commission (AEWC), and
the Whaling Captains Associations from Barrow, Nuigsut, Kaktovik, Wainwright, Pt. Lay, and Pt. Hope
(Appendix C). The CAA provided mitigation guidelines, including avoidance, to be followed by Shell
while working in or transiting through the vicinity of active subsistence hunts. In particular, it addressed
bowhead whale hunts and interactions with whaling crews, but was not limited to whaling activities.
Under the terms of the CAA, a communication center (Com Center) was established in Wainwright. The
CAA outlined a communication program and specified locations and times when the shallow hazard and
site clearance survey could be conducted to avoid conflict with the subsistence hunts.

Operating Areas, Dates, and Navigation

The geographic region where the shallow hazard and site clearance survey occurred was in or near
specific Shell lease holdings in the Chukchi Sea Planning Area designated as Oil and Gas Lease Sale 193
(Fig. 2.1). The project area was located in the Chukchi Sea well offshore (>97 km or 60 mi) from the
Alaska coast in OCS waters averaging greater than 40 meters (m) or 131 ft deep and outside the polynya
zone.

! By Robert Rodrigues, Beth Haley, Darren Ireland, and Craig Reiser (LGL).
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FIGURE 2.1. Location of Shell's shallow hazards surveys in the MMS Chukchi Sea Lease Sale 193 in
2009. Caramel, Ulu, and Snickers are collectively known as Crackerjack.

The Mt. Mitchell left Dutch Harbor on 27 Jul 2009 and entered the Chukchi Sea project area (the
area north of Point Hope, 68.34°N latitude) on 30 Jul. Shallow hazard and site clearance surveys were
conducted at the Honeyguide, Burger, Ulu, Caramel and Snickers prospects (Fig. 2.1) intermittently from
~1 Aug until the Mt. Mitchell ultimately departed the project area on 9 Oct. Within this time period the
Mt. Mitchell made two transits to Nome (~3-6 Sep and 3-6 Oct) for crew transfers and one transit to
Dutch Harbor (~17-25 Sep) for fuel.
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Measurements of the underwater sound propagation from the 40-in® airgun array and lower energy
geophysical sources on the Mt. Mitchell were conducted by JASCO near the Honeyguide prospect on 1
Aug 2009 and near the Burger prospect on 16 Aug 2009. Measurements of underwater sound
propagation were made for a single 10-in® mitigation airgun and the four-gun 40-in® full array. JASCO
calculated preliminary disturbance and safety radii within five days of completion of the measurements.
These radii, and radii calculated during underwater sound measurements near the Crackerjack prospect in
2008 (Laurinolli and Racca 2008), were the basis for mitigation measures during shallow hazard and site
clearance survey activities in 20009.

On each shallow hazard and site clearance survey line the airguns were firing for a period of time
during ramp up, and during “lead in” periods before the beginning of data acquisition at the start of each
survey line. The airguns were also firing during “lead out” periods after completion of each survey line,
before the full array was powered down to a single gun for transit to the next survey line. The Mt.
Mitchell’s airguns were operated along 2477 km (1520 mi) of trackline in the Chukchi Sea in 20009.
Periods of full array firing plus periods of lead in, lead out, and ramp up occurred along 1781 km (1107
mi) of trackline. The single mitigation gun operated along 696 km (432 mi) of trackline.

Throughout the survey the Mt. Mitchell’s position, speed, and water depth were logged digitally
every ~60 s. In addition, the position of the Mt. Mitchell, water depth, and information on the airgun
array were logged for every airgun shot while the Mt. Mitchell was on a survey line collecting
geophysical data. The geophysics crew kept an electronic log of events, as did the MMOs while on duty.
The MMOs also recorded the number and volume of airguns that were firing when the Mt. Mitchell was
offline (e.g., prior to shooting at full volume) or was online but not recording data (e.g., during airgun or
computer problems).

Airgun Description

The sound source used by Shell and its survey contractor, Fugro Geo Services Inc., consisted of a
40-in® airgun array towed approximately 47 m (154 ft) aft of the Mt. Mitchell at a depth of ~2 m (6 ft)
during the shallow hazards and site clearance survey operations. This array was similar to the array used
during shallow hazard surveys in the Chukchi Sea in 2008. The Mt. Mitchell also towed two streamers,
30 and 300 m (33 and 328 yd) in length with a 24- and 48-channel hydrophone, respectively, to record
reflected sound energy. A 10-in® airgun was used as a mitigation source during power downs when
marine mammals were observed within or about to enter the applicable full-array safety radius and during
turns. Air compressors aboard the Mt. Mitchell were the source of high pressure air used to operate the
airgun array. Seismic pulses were emitted at intervals of 15 m (16 yd; ~8 sec) while the Mt. Mitchell
traveled at a speed of 3.2 to 4 knots (5.9-7.4 km/h, 3.7-4.6 mi/h). In general, the Mt. Mitchell towed this
system along a predetermined survey track, although course alterations were occasionally made during
the field season to avoid obstacles or during repairs to the equipment. Characteristics of the airgun array
are detailed in Appendix D.

Geophysical Tools for Site Clearance

In addition to the four 10-in® airguns (40-in® array) described above, the Mt. Mitchell also had low-
energy acoustic sources that included an echo sounder, sub-bottom profiler, side scan sonar and
magnetometer. Characteristics of this equipment are described in more detail in Appendix D.
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Marine Mammal Monitoring and Mitigation

Vessel based monitoring

Vessel-based marine mammal monitoring and mitigation was conducted from the Mt. Mitchell
throughout the shallow hazard and site clearance survey operations. Chapter 4 provides a detailed
description of the methods and equipment used for monitoring and mitigation during survey activities, as
well as the data analysis methodology. Results of the vessel-based monitoring program are presented in
Chapters 5.
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3. UNDERWATER SOUND MEASUREMENTS!

This chapter presents the results of field measurements of the sound levels generated by the
R/V Mt. Mitchell and its seismic survey sources used for Shell’s 2009 Shallow Hazards survey
program in the Chukchi Sea. The measurements were conducted near the Honeyguide and Burger
prospects in Aug 2009. All of the measurements were performed by JASCO Applied Sciences,
working under contract to Shell Offshore Inc. (Shell), using calibrated sound recording equipment
that was deployed on the seabed near each of the operations monitored. Two Sound Source
Verification (SSV) programs, the first at the Honeyguide prospect and the second at the Burger
prospect, were carried out to measure sounds produced by the vessel and the following shallow
hazards geophysical survey sources:

e Single 10 in’ airgun

e 2 x 10 in’ (total 20 in®) airgun sub-array (only used at the Honeyguide site)
e Two 2 x 10 in’ sub-arrays (total 40 in®) fired simultaneously

e Geopulse 3.5 kHz sub-bottom profiler

The vessel measurements were made by examining sections of the acoustic recordings
between individual seismic pulses or after seismic operations had completed. Preliminary field
reports presenting sound levels as a function of distance from each sound source measured were
prepared and submitted within 5 days of the respective measurements. Those results were also
used to define the marine mammal safety distances implemented by marine mammal observers
for the shallow hazards survey operations.

The present chapter summarizes the sound level measurement results from the above-
mentioned SSV programs and discusses more detailed analyses performed after the field reports
were prepared and submitted. In some cases the sound level versus distance values computed in
the more detailed analyses differ slightly from the same values presented in field reports. All
differences are due to the inclusion of additional data that could not be processed in time for the
field report schedule. Additional post-field analysis included more detailed examination of the
received seismic pulse characteristics and a spectral analysis. Specifically JASCO computed M-
weighted cumulative Sound Exposure Levels (SEL), considered waveform and spectrogram
differences, plotted 1/3-octave band received levels versus distance, considered how the pulse
durations influenced root-mean-square (rms) sound levels, and compared Sound Pressure Levels
(SPL) of the present study with those from previous years’ shallow hazards SSV measurement
programs. These additional analyses provide useful information for characterizing the seismic
sources and ocean environments in terms of sound production. For example, the sound levels
received at the Honeyguide site at long ranges from the airgun array were much lower than
comparable measurements at the Burger site. The analysis showed that site-specific geoacoustic
properties quite strongly affected the sound propagation, and that those geoacoustic properties
can vary between continental shelf locations less than 100 km apart.

Sound radii from the R/V Cape Flattery 2008 SSV were implemented until 2009 SSV
results were available, or when 2008 SSV sound radii were the most site-specific data available.

! By Graham Warner, Christine Erbe, and Dave Hannay (JASCO).
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See Table 4.4 for a summary of when 2008 and 2009 SSV sound radii were implemented during
the 2009 survey and Tables 4.1-4.3 for the distances to each of the sound radii.

Goals of Measurement Programs

The goals of the sound level measurement programs were first to verify and refine the sizes
of marine mammal exclusion safety zones that are defined by rms sound levels near the shallow
hazards survey airgun sources. The verification measurements were a requirement of SIO’s
Incidental Harassment Authorization (IHA). The IHA permitted limited Level B harassment, or
disturbance of behavioral patterns, of marine mammals. Safety zones for marine mammals were
defined based on the distance from the sound source where sound levels reached 190 dB rms re 1
pPa (root-mean-square pressure level in decibel referenced to 1 microPascal) for pinnipeds (seals,
sea lions and walruses) and 180 dB rms re 1 uPa for cetaceans (whales and dolphins). In addition,
an aggregation of 12 or more mysticete whales was not to receive in excess of 160 dB rms re 1
uPa.

Second, the IHA stipulated the reporting of distances to broadband sound levels between
190 and 120 dB re 1 pPa in 10 dB increments. In this Chapter, distances are presented to sound
levels that are required by the IHA and that reflect the received levels from each source. These
distances are presented with two significant figures. The distances to these levels can be
dependent on direction relative to the airgun array tow direction, so the measurements had to
determine if directional components were associated with the airgun array configurations.

A third goal of the sound level measurement programs was to quantify sound levels as a
function of distance from the sub-bottom profiler and due to vessel noise from the R/V Mt
Mitchell itself.

While the exclusion zone sizes were defined solely upon the distances to rms thresholds as
discussed above, recent literature has suggested that peak level and sound exposure level (SEL)
may be more relevant acoustic metrics upon which to define these zones (Southall et al., 2007). In
addition to fulfilling the reporting requirements of the IHA, the final goal was to include an
analysis to compute peak level threshold distances and M-weighted cumulative SEL for all
seismic pulses received from single