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EXECUTIVE SUMMARY

Background and Introduction

Shell (Shell Offshore, Inc., and Shell Gulf of Mexico, Inc.) conducted exploratory drilling in the
Chukchi and Beaufort seas during the 2012 open-water period. Operations were permitted as two
programs: one in the Chukchi Sea and one in the Beaufort Sea. Exploratory drilling was conducted from
the drill rig M/V Noble Discoverer (Discoverer) in the Chukchi Sea and the drill rig Kulluk in the
Beaufort Sea. In addition, 15 support vessels operated by Shell supported the drill rigs with activities
such as, ice management, anchor handling, oil spill response, refueling, and resupply.

Marine exploration drilling and other industrial activities 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 exploratory drilling activities and other exploration activities in the Chukchi and Beaufort
seas were conducted under the jurisdiction of Incidental Harassment Authorizations (IHAS) issued by
NMFS and Letters of Authorization (LOAS) issued by the USFWS. The IHAs and LOAs included
provisions to minimize the possibility that marine mammals might occur close to the continuous sound
sources generated by exploratory drilling 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 marine
surveys on marine mammals and subsistence hunting, and to ensure that Shell was in compliance with the
provisions of the IHAs and LOAs. This program required protected species observers (PSOs) onboard all
of the project vessels to detect and monitor marine mammals and their responses to industry activities,
and to initiate mitigation measures if necessary.

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 low-level continuous
sounds generated by the drilling operations and support activities near well sites; and
3. determine the reactions (if any) of marine mammals potentially exposed to exploratory
drilling sounds and related activities.

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

Exploratory Drilling Operations Described

During exploration drilling operations, the drill rigs Discoverer and the Kulluk operated in the
Chukchi and Beaufort seas, respectively. Each of the two drill rigs emitted near-continuous, low-energy
sounds through the use of generators and drilling equipment. In addition, support vessels including ice-
management and anchor-handling vessels operated in and around the exploratory drilling areas. A single,
relatively-shallow top hole was completed in each sea without reaching hydrocarbon zones typically
located at greater depths than were drilled in 2012.
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Shell’s exploratory drilling program in 2012 was conducted on or near the Outer Continental
Shelf (OCYS) lease holdings near the Burger prospect in the Chukchi Sea and the Sivulliq prospect near
Camden bay in the eastern Beaufort Sea. Measurements of sound propagation from the drill rigs and all
support vessels were conducted by JASCO Applied Sciences (JASCO) from 15 Sep to 1 Oct in the
Chukchi Sea and 26 Sep through 22 Oct in the Beaufort Sea.

Heavy ice conditions near the Burger Prospect early in the season required Shell’ s Ice Management
Plan (IMP) to be implemented in accordance with the LOAs. Ice management activities were conducted
by the M/V Fennica and M/V Tor Viking. The actual amount of time spent actively pushing or breaking
ice in the Chukchi Seawas limited to discrete, isolated events between 31 Aug—3 Sep and 11-13 Sep.

The Discoverer, an industry-standard, ice strengthened drillship, performed the exploratory drilling
operations in the Chukchi Sea at the Burger-A drillsite. The drill rig arrived and departed the Chukchi Sea
on 25 Aug and 31 Oct, respectively. Exploratory drilling was conducted using standard rotary drilling
technology and seawater based drilling fluids from 23 Sep through 26 Oct. One top hole, which includes a
pilot hole and construction of a mud-line cellar (MLC), was completed at the Burger-A drillsite. The top
hole did not penetrate the hydrocarbon-bearing zones in compliance with BOEM and Bureau of Safety
and Environmental Enforcement (BSEE) regulations.

Exploratory drilling operations in the Beaufort Sea were performed by the Kulluk, a conically
shaped, ice-strengthened floating drill rig designed and constructed for extended season drilling
operations in Arctic waters. The drill rig arrived and departed the Beaufort Sea on 10 Sep and 8 Nov,
respectively. The Kulluk used similar exploratory drilling technology to the Discoverer and drilled from
from 3 through 28 Oct. Similar to work in the Chukchi Sea, one top hole and ML C were completed at the
Sivullig-N drillsite and did not penetrate the hydrocarbon-bearing zones.

JASCO conducted measurements of underwater sound propagation from exploratory drilling
activities and al support vessdls as stipulated in the IHA in both the Chukchi and Beaufort Seas. These
measurements included; anchor handling, ice management, and drilling activities including the MLC. Ice
management activities only occurred and were measured in the Chukchi Sea.

Vessel-based marine mamma monitoring and mitigation was conducted from the drill rigs
Discoverer and Kulluk and all support vessels throughout operations in the Chukchi and Beaufort seas.
The primary support vessels for the Chukchi Sea included the M/Vs Fennica, Tor Viking, Harvey
Explorer, Harvey Spirit, Nanug, Affinity, and Guardsman. In the Beaufort Sea the Nordica, Aiviq,
Sisuaq, Lauren Foss, Arctic Seal, Warrior, Pt. Oliktok, Affinity and Nanuq were the primary support
vessels. Severa vessels operated in both seas during different operationa periods throughout the season.

Shell conducted aerial surveys of marine mammals using a team of PSOs over coasta and
nearshore areas in the Chukchi Sea and ateam of PSOs over the offshore operations areas in the Beaufort
Sea in 2012. Additionally, aerial surveys were conducted over the Burger exploratory drillsite using
high-definition cameras. The Chukchi Sea aerial survey program began on 18 Jul and was completed on
29 Oct and the Beaufort Sea program began on 19 Aug and was completed on 6 Nov.

Underwater Sound Measurements

Shell Exploration and Production Company (Shell) conducted exploratory drilling at two offshore
sites in 2012, one at the Burger-A prospect in the Chukchi Sea and one at the Sivullig-N prospect in the
Beaufort Sea. Shell was required to monitor and report underwater sound levels from its 2012 offshore
operations as stipulated in its Incidental Harassment Authorization (IHA) permit from NMFS for this
work. JASCO Applied Sciences carried out the sound monitoring studies on behalf of Shell from August
to October 2012. Chapter 3 of this report provides detailed descriptions of the methods employed for the
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sound study and gives the results of the measurements performed. An overview of the study and a
summary of the results are given below.

Shell’s 2012 IHAS stipulated a requirement to measure underwater sound levels for al vessels and
equipment involved with the drilling program at each prospect. The measurements were to be analyzed to
determine the distances corresponding to sound levels between 190 and 120 dB re 1 pPa (rms), reported
in 10 dB steps. Source sound levelsfor all vessels and equipment were also to be provided.

The acoustic monitoring program was performed from the icebreaker vessds MSV Fennica
(Chukchi Sea) and MSV Nordica (Beaufort Sea). Vessel sound source characterizations were conducted
for every support vessel that operated at each respective prospect. Sounds from different phases of the
drilling operations were characterized by activity. The activities considered included anchor laying, ice
management, pilot hole drilling, and drilling of the mudline cellar. Measurements of sounds from anchor
laying were only available from the Sivulliq prospect, and measured sounds from ice management were
only available from the Burger prospect.

The acoustic measurements were made with seabed-deployed Autonomous Multichannel Acoustic
Recorders (AMAR, JASCO Applied Sciences) recording at 64 kHz and equipped with calibrated
GeoSpectrum M8E and M8K hydrophones. In-field calibrations of the AMARS were performed using
GRAS 42AC pistonphone calibrators immediately before and after each measurement. Three AMARS
were used at each prospect to measure vessel sounds and four AMARS were used at each prospect to
measure sounds from drilling activities. An acoustic telemetry buoy deployed at 500 m (ft) from the
Sivullig-N drill site aso provided real-time acoustic information for a portion of the Kulluk’s activities,
allowing sound level information to be reported on a weekly basis as requested in the IHA. Real-time data
were not available at the Burger prospect.

Distances to specific sound level thresholds for each vessel and for each of the activities
characterized in this report are listed below. Table 1 and Table 2 list the radii for measurements from
Burger-A; Table3 and Table 4 are those from measurements from Sivullig-N. The broadband (10 Hz—
32 kHz) source level for drilling was calculated to be 181 dB re 1 pPafor the Noble Discoverer and 172
dB re 1 pPafor the Kulluk. These source levels were computed from measurements of drilling of a26in
hole and of a pilot hole, respectively.
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TABLE 1. Sound level threshold distances for drilling operations at the Burger-A drill site. Distances were
obtained from best-fit lines to averaged sound levels versus range for the respective activity.

Drill Site Activity

rms SPL Threshold Radii (m)

190dBre 1 pyPa 180dBrelpuPa 160dBrelpuPa 120dBre 1 pPa

Drilling 8.5 in pilot hole
(Tor Viking Il nearby)

Drilling 17.5 in pilot hole
(Tor Viking 1l nearby)

Drilling 36 in pilot hole
(Tor Viking Il nearby)

Drilling 26 in hole
(no ancillary vessels)

Drilling of MLC

Ice management

<10

<10

<10

<10

<10
<10

<10 22 13,000*
<10 <10 10,000*
<10 30 25,000*
<10 <10 1500
20 130 8100
<10 60 9600*

* Extrapolated beyond measurement range.

TABLE 2. Sound level threshold distances for vessels operating at the Burger-A drill site. Distances were
obtained from the 90th percentile fits to sound level versus range for the respective vessels.

rms SPL Threshold Radii (m)

Vessel Name

190 dBre 1 pPa

180 dB re 1 pPa 160 dB re 1 pPa 120 dB re 1 pPa

Affinity—8.8 kts
Affinity—9.0 kts

Aiviq (towing the
Kulluk)

Fennica—8.0 kts
Fennica—12.0 kts

Guardsman (towing
the Klamath)

Harvey Explorer
Harvey Spirit
Nanug—9.1 kts
Nanug—10.8 kts

Noble Discoverer
(towed by Tor Viking

)

Nordica

Tor Viking Il (towing
the Noble Discoverer)

0
0

<10

<10

<10

<10
<10

<10

<10

0 <10 1300
0 <10 1400
<10 110 19,000
<10 11 2000
<10 26 5000
<10 70 4700
<10 16 2000
0 <10 2600
<10 42 5200
<10 60 6900
0 <10 740
<10 40 4600
<10 25 4800
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TABLE 3. Sound level threshold distances for drilling operations at the Sivullig-N drill site. Distances were
obtained from the best-fit lines to averaged sound level versus range for the respective activity.

rms SPL Threshold Radii (m)
190dBrelpuPa 180dBrelpuPa 160dBrelpuPa 120dBre 1 pPa

Drill Site Activity

Anchor laying <10 <12 63-120 12,000-29,000
Drilling of pilot hole <10 <10 <10 660
Drilling of MLC <10 20 140 6200

TABLE 4. Sound level threshold distances for vessels operating at the Sivullig-N prospect, from
measurements made from 28 Sep to 2 Oct 2012. Distances were obtained from the 90th percentile fits to
sound level versus range for the respective vessels.

rms SPL Threshold Radii (m)
190 dB re 1 pPa 180 dBre 1 pPa 160 dB re 1 pPa 120 dB re 1 pPa

Vessel Name

Affinity 0 <10 <10 3000
Aiviq 0 <10 67 11,000
Arctic Seal 0 0 <10 510

Lauren Foss

(towing the Tuuq) 0 <10 <10 1500
Nordica <10 <10 24 4200
Pt Oliktok 0 <10 <10 830
Sisuaq <10 <10 25 3000
Tor Viking Il 0 <10 30 12,000
Warrior <10 <10 42 4400

Vessel-Based Monitoring, Mitigation, and Data Analysis Methods

Marine mammal monitoring methods were designed to meet the requirements and objectives
specified in the IHAs and LOAs. PSOs were stationed aboard the drill rigs and all support vessels to
conduct visual watches for marine mammals to serve as the basis for implementation of mitigation
measures, to collect observation data to estimate the numbers of marine mammals potentially exposed to
low-level continuous sounds generated by drilling and ice-management activities, and to document any
potential reactions of marine mammals to exploratory drilling and related support activities. Further these
data were used to help discern whether there were potentia effects on the accessibility of marine
mammal s to subsistence huntersin Alaska.

Mitigation protocols encompassing all aspects of operations during the 2012 season were in place
to minimize the potential effects on marine mammals of drilling, ice-management, anchor handling, and
transiting through and within the operational theatres. The most commonly implemented mitigation
measure was a change in speed or course during routine vessel operations to increase the distances
between ships and marine mammals or to prevent the separation of individuals from groups of marine
mammals. Vessel-based PSOs also contributed information regarding the locations of large groups of
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walruses; this information was used in the planning of transit routes for vessels and flight paths of
helicopters during crew changes so that interactions with congregations of marine mammals were
avoided. Ice-scouting and ice-management activities were restricted to periods of good visihility, i.e.
when it was possible for PSOs to detect walruses hauled out on ice even when the vessel remained a
significant distance away from the main ice-edge. Only small amounts of hazardous ice were managed in
the Chukchi Sea drilling area between 31 Aug and 13 Sep, and no ice with marine mammals directly
associated with it was managed or approached closer than was operationally necessary. Potentia impacts
to local subsistence activities were mitigated by the timing and location of Shell’s operations in the
Chukchi Sea in accordance with the CAA, and also through communications from each vessel to the
nearest communication center every six hours. Shell did not conduct ZV SP surveys at the Chukchi Sea
drillsite in 2012, which precluded the establishment of 180 and 190 dB (rms) exclusion zones for marine
mammals around the drill rigs as stipulated in Shell’s Chukchi Sea IHA and LOA for periods with active
airgun operations.

Observer effort and marine mammal sightings were divided into several analysis categories related
to environmental conditions and vessel activity. These categories included the following: location in the
Beaufort or Chukchi Sea, whether the vessel was moving or stationary, the activities of the source vessel
and vessels in the surrounding area (e.g. drilling, ice-management), and environmental conditions such as
Beaufort wind force.

Two methods were used to estimate the number of pinnipeds and cetaceans exposed to sound levels
that may have caused disturbance or other effects. The first method was an estimate based upon direct
observations made by PSOs aboard vessels throughout the 2012 season. The second method involved
multiplying the most recently available values for densities of marine mammals by the area ensonified by
drilling and ice-management activities during the 2012 season. During the migratory period for bowhead
whales in the Beaufort Sea, an alternate method of estimation was aso used. By using a ten-day moving
average of the proportion of the bowhead population expected to pass within the=120 dB (rms) zone on
any given day it was possible to estimate the number of animals potentially exposed to sounds from
various activities.

Chukchi Sea Vessel-based Marine Mammal Monitoring Results

In total, 581 sightings of 1179 cetaceans, 938 sightings of 1386 seals, 338 sightings of 8678 Pacific
walruses, and 49 sightings of 61 polar bears were recorded during Shell’s 2012 Chukchi Sea exploratory
drilling program. The most frequently sighted cetacean was the gray whale; 128 sightings of 256
individuals. However there were more individual bowhead whales seen, 117 sightings of 319 individuals.
Approximately half of cetacean sightings could not be identified to species (~55%); it is likely that many
unidentified mysticete whales were also bowheads or gray whales. Bearded seal was the most abundant
seal speciesidentified followed by ringed and spotted seals, respectively. Over half of the seals observed
could not be identified to species. Many of the walrus sightings were of large groups (26 individuals per
sighting on average) with some groups ~200-300 individuals. Of the 49 sightings of polar bears many
were associated with the prevalent sea-ice conditions seen in August and September.

Sighting rates across species groups as expected were influenced by environmenta conditions.
When comparing sighting rates to operational activities the data showed no clear trend.
No cetaceans displayed any observable reaction to vessels. Most cetacean movements relative to

vessels were “neutra” or “unknown.” Cetaceans from ~18% of sightings were recorded as “swimming
away” from the vessel compared to ~7% that were “swimming toward” the vessdl.
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The most frequently observed seal reaction to project vessels was to “look” at the vessdl, followed
by “no observable reaction.” The majority of seal movement relative to vessels was “neutral” or
“unknown;” smaller numbers of seals“swam away” or “toward” vessels.

Approximately half of the Pacific walruses demonstrated no observable reaction to vessels. The
second most common reaction was “look”. Approximately half of the polar bears reacted by “look” and a
smaller number had “no observable reaction”.

The implementation of mitigation measures during Shell’s 2012 exploratory drilling program in the
Chukchi Sea spanned all aspects of the operation. PSOs aboard the project vessels were on watch during
all daylight operations, including periods of darkness when working on vessels engaged in drilling or ice
management. Vessel activities related to transit, drilling, handling and setting of the anchors used to
moor the Discoverer, and ice scouting and management activities al were mitigated by various actions
requested by PSOs.

The most common forms of mitigation implemented by PSOs aboard vessels during 2012 in the
Chukchi Sea were reductions in vessel speed and aterations of vessel headings during routine vessel
operations. Mitigation aso included reducing vessel speed for walrus sightings, atering course to avoid
groups of marine mammals, maintaining 2805 m (0.5 mi) marine buffer from all walruses and polar bears
(when practicable), and reducing vessel speed to below 10 kt during periods of poor visibility or when
cetaceans were observed within or likely to come within 300 m (328 yd) of the vessel.

Marine mammal exposures to continuous sounds from drilling and ice-management activities
were considered to estimate the number of marine mammals exposed to sound in the Chukchi Sea. Based
on direct observations during drilling activities, no cetaceans were exposed to received sound levels>160
dB (rms). Two unidentified mysticete whales are estimated to have been exposed to continuous drilling
sounds between 120 and 160 dB (rms). Of the 396 seals observed, two seals were observed in areas where
received sound levels from drilling were>160 dB (rms), and 7 seals were estimated to be between 120
and 160 dB (rms). Of the 574 walrus observed, 480 were observed hauled out on ice in an area exposed to
>120 dB (rms) during drilling. However, it is likely that the walrus on ice would not have been exposed
to sound levels comparable to those in water. Six walrus were observed in the water where received
sound levels from drilling were between 120 and 160 dB (rms). No polar bears were exposed to received
sound levels >120 dB (rms).

Based on direct observations during ice management activities, no cetaceans were exposed to
received sound levels>160 dB (rms) and only two of the 27 cetaceans seen during ice management were
exposed to sound levels >120 dB (rms). Of the 34 seals observed during ice management seven seals were
observed in areas where received sound levels from drilling were estimated to be between 120 and 160
dB (rms). The breakdown of walrus sightings observed during periods when ice-management activities
were occurring in the Chukchi Sea in 2012 was similar to seals and cetaceans in that most individuals
either were recorded outside the>120 dB (rms) r adius or they were hauled out on ice. Two polar bears
were in the water during ice management and where RSLs were recorded between 120 and 160 dB (rms).
Three polar bears were observed within the>160 dB (rms) radius, this exposure-level classification is the
result of conservatively categorizing broad periods of time as ice management rather than only the
discrete, isolated moments when ice actively was being managed.

Based on density estimates used in Shell’s 2012 IHA application, 47 individual cetaceans would
have been exposed to continuous sound levels >120 dB (rms) if there was no avoidance of drilling
activities. Based on similar density calculations for seals, 466 individual seals would have been exposed
to continuous sound levels >120 dB (rms) assuming there was no avoidance of drilling activities. Based
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on similar density calculations for walrus and polar bear, 403 Pacific walrus and 4 polar bear would have
been exposed to >120 dB (rms) from drilling activities in the Chukchi Sea.

Beaufort Sea Vessel-Based Marine Mammal Monitoring Results

In total, 160 sightings of 295 cetaceans, 593 sightings of 878 sedls, 14 sightings of 24 Pacific
walruses, and 13 sightings of 39 polar bears were recorded during Shell’s 2010 Beaufort Sea marine
surveys. Bowhead whale was the most commonly identified cetacean species, and it is likely that many
unidentified mysticete whales were also bowheads. Ringed seal was the most abundant seal species
identified followed by bearded and spotted seals, respectively. Over half of the seals observed could not
be identified to species. Pacific walruses detected from moving vessels were on ice or in the water, but
walruses detected from stationary vessels were only in the water. All polar bears detected from moving
vesselswere on ice or land, and polar bears detected from stationary vessels were on ice or in the water.

Sighting rates across groups were influenced by environmental conditions as expected. The data
showed no clear trend when cetacean, seal, Pacific walrus, or polar bear sightings rates were compared
across operational activities.

One cetacean reacted to a vessel with a “change in direction”, the rest were recorded as having no
observable reaction or unknown reaction. Most cetacean movements relative to vessels were “neutral” or
“unknown.” “Swim away” was also afreguently recorded movement relative to vessels.

The most frequently observed seal reaction to project vessels was to “look” at the vessdl, followed
by “splash.” Over 50% of seals however, demonstrated no detectable reaction to the vessel. The mgjority
of seal movement relative to vessels was “neutral” or “swim away;” smaller numbers of seals “swam
towards” the vessels, or had no movement or unknown movement.

Observers did not detect a reaction to vessels in 9 of the 14 Pacific walrus sightings. The most
frequent initial behavior was “swim” followed by “dive’. About haf of Pacific walrus movements
relative to vessels were “swim away” .

Seven of the polar bear sightings “looked” at the vessel, and the rest demonstrated no observable
reaction. Polar bears on ice or land were frequently observed walking or resting. Polar bear movements
relative to the vessel were “none”, “neutral”, and “unknown”.

Vessdl activities related to transit, drilling, handling and setting of anchors used to moor the Kulluk,
and scouting for hazardous sea ice were al mitigated by various actions requested by PSOs. The most
common forms of mitigation implemented were reductions in vessel speed and aterations of vessdl
headings. Other mitigation events included maintaining an 805 m (0.5 mi) marine buffer from all
walruses and polar bears (when practicable), communication to shore-based command centers to inform
helicopter operations of marine mammal sightings, and postponement of equipment deployments due to
the presence of marine mammals in the deployment area. Potential impacts to local subsistence activities
were mitigated by the timing and location of operations in accordance with the Conflict Avoidance
Agreement.

Based on direct observations during drilling activities, three cetaceans were exposed to received
sound levels>120 dB (rms) and no cetaceans were exposed to received sound levels >160 dB (rms). No
walruses or polar bears were exposed to received sound levetd20 dB (rms). Forty one seals were
observed in areas where received sound levels were >160 dB (rms).

Based on density estimates used in Shell’s 2012 IHA application and bowhead whale density
estimates from Shell’s 2012 Beaufort Sea aerial surveys, ten individual cetaceans would have been exposed
to continuous sound levels >120 dB (rms) if there was no avoidance of drilling activities. An aternative to
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the density based exposure estimates was considered for bowhead whales during the fall migration period.
Using this method, atotal of 277 individua bowhead whales would have been exposed to continuous sound
levels >120 dB (rms) assuming no avoidance of drilling activities. Based on density estimates for seals,
43 individual seals would have been exposed to continuous sound levels >120 dB (rms) assuming there
was no avoidance of drilling activities. Less than a single Pacific walrus or polar bear would have been
exposed to >120 dB (rms) from drilling activitiesin the Beaufort Sea.

Chukchi Sea Aerial Survey Program Results

Aeria surveys for marine mammals were conducted in the Alaskan Chukchi Sea from 14 Aug
through 27 Oct 2012 in support of Shell’s exploratory drilling activities. Surveys were flown to obtain
data on the current distribution and relative abundance of marine mammals. The aircraft was outfitted
with high-definition photographic and video-monitoring equipment used concurrently with PSO
observations on flights. Aerial photographic surveys using these cameras and high-definition video were
flown by a pilot and co-pilot without PSOs aboard over the offshore areain the Chukchi Sea. Twenty-
three surveys were attempted in 2012, five in the nearshore area and 18 in the offshore area.

Seventeen cetacean sightings of an estimated 22 individuals were recorded during nearshore
surveys within the Chukchi Sea. Gray whale was the most commonly identified cetacean (10 sightings of
13 individuals) followed by five sightings of bowhead whales (five individuals). In the offshore area, 37
cetacean sightings of an estimated 43 individuals were sighted on the photographs. Bowhead whale was
the most commonly identified cetacean (13 sightings of 15 individuals), followed by 11 sightings of
belugawhales (14 individuals).

Cetacean sightings during the 2012 survey period were consistent with the general pattern and
distribution seen in previous years. Bowhead sightings were first observed in the nearshore survey area on
15 Sep and in the offshore survey area on 26 Sep, coinciding with the bowhead whale fall migration from
the Beaufort Sea to overwintering areas in the Bering Sea.  Belugas were seen early in the season on one
of the ice reconnaissance surveys that were flown in Aug when there was till plenty of ice in the area.
They weren't seen again until mid-Oct on two of the offshore surveys which would have been during the
beluga fall migration through the eastern Chukchi Sea. Gray whales were seen on all of the nearshore
surveys except the last one in late October. This is consistent with their distributions in previous years
with most gray whales leaving the nearshore area by Oct.

Sixty-one pinniped sightings of an estimated 73 individuals were recorded during nearshore
surveys within the Chukchi Sea. Unknown seal was the most commonly identified pinniped (33 sightings
of 43 individuals) followed by 25 sightings of bearded seals (26 individuals). In the offshore area, 329
pinniped sightings of an estimated 1558 individuals were sighted on the photographs. Walrus was the
most commonly identified pinniped (163 sightings of 1334 individuals) in the offshore area, followed by
161 sightings of unknown pinnipeds (219 individuals).

Despite the record low level of sea ice in the Arctic this year, walrus did not haul out in large
numbers along the Chukchi coast as they did in the previous years. One possible reason for their absence
at terrestrid haul out sites in 2012 may have been the presence of ice in the area of Hanna Shoa until
mid-Sep. Thisice may have provided haul out platforms for walruses over or near their feeding areas.

Beaufort Sea Aerial Survey Program Results

An aerial marine mammal monitoring program was conducted in the Central Alaskan Beaufort Sea
from 15 Aug to 3 Nov 2012 in support of Shell’s exploratory drilling activities. Surveys were flown to
obtain detailed data on the occurrence, distribution, and movements of marine mammals, particularly
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bowhead whales as they approached and passed the drilling activities. In particular, the emphasis of this
study was on the investigation of potentia deflection around drilling activities by bowhead whales, and a
stratified line transect survey design was implemented to maximize the probability of detecting such an
effect.

Observations of bowhead whales were generally consistent with the expected pattern of the
bowhead whale fall migration through this area. Peak sighting rates occurred during the middle of Sep,
and whales were observed predominately traveling west, as would be expected by fall migrants.

An apparent near-shore shift in the bowhead migration occurred in late-Sep coinciding with the
start of drilling activities. In addition to the observed distribution of sightings being more near-shore
during late Sep and Oct, bowhead whales were aso observed to have been moving more slowly and with
more variable headings than during the peak of the migration. Two alternative hypotheses were possible
explanations for this shift: 1) a possible reaction to drilling activities and, 2) natural variability in the
migration, perhaps driven by an increase in near-shore foraging activity later in the season.

While foraging animals would be expected to have more variable headings, this variability (i.e.
turning during surfacing) has aso been observed in bowhead whales exposed to playback of underwater
sound from exploration drilling activities, and responses to full-scale drilling programs indicate that at
least some whales could deflect at 20+ km. By comparison, bowhead whales during this survey were
observed to be moving slower and with more variable headings at distances beyond 30 km from drilling
activity. Thisisfarther than would be expected given previous studies of behavioral responsesto drilling.

Although the alternative hypotheses proposed here as potential explanations for the apparent near-
shore shift in the migratory corridor need not be mutually exclusive (or exhaugtive), and while it is not
possible to rule out the possibility that drilling activity may have contributed (at least at some level) to the
observed shift, the evidence is consistent with natural variability in the migration (driven by increased
near-shore prey availability starting in late Sep) which could explain the observed pattern. During future
analyses, a wider range of data sets (e.g., acoustic call detections from Shell’s monitoring efforts,
locations and activities of drilling support vessels, National Marine Fisheries Service agrid sightings and
Shell vessd sightings data) will be taken into account through a more complete assessment of the
variability observed during the 2012 fall bowhead whale migration through the Central Alaskan Beaufort
Sea.

Beluga sighting rates were highest in Sep during the pre-drilling period. Unfortunately, there were
too few sightings (n = 2) during the drilling period to make any meaningful comparisons regarding
potential effects of industrial activities for this species. In general, estimated densities of beluga whales
were relatively low, which is consistent with previous research indicating that a high percentage of
migrating belugas in the Central Alaskan Beaufort Sea are likely to be at (and beyond) the northern edge
of the survey area, i.e. dong the slope or in deeper waters farther offshore.

During Oct new sea-ice started to develop and spread north from the barrier idands. Prior to this
ice development, there were very few polar bear sightings (the transect lines avoided the barrier islands).
There were two polar bears sighted swimming in open water offshore (23 km and 64 km, 14 and 40 mi
from shore, during the pre-drilling and drilling periods respectively), but the majority of sightings
occurred during Oct and the distribution of these sightings traced the devel oping near-shore ice.



Executive Summary and Acknowledgments ~ XiX

ACKNOWLEDGMENTS

We thank the captains and crews of the Discoverer, Kulluk, Fennica, Nordica, Aiviq, Tor Viking II,
Affinity, Harvey Explorer, Harvey Spirit, Sisuag, Nanug, Lauren Foss, Barbara Foss, Guardsman,
Warrior, Point Oliktok, and Arctic Seal, as well as the pilots of Bald Mountain Air Service for their
support during this project. We also thank representatives of the National Marine Fisheries Service, U.S.
Fish & Wildlife Service, North Slope Borough Department of Wildlife Management, Alaska Eskimo
Whaling Commission, Bureau of Ocean Energy Management, and Bureau of Safety and Environmental
Enforcement for their advice and comments throughout the operating season and during the “open-water
meetings.” Carol Theilen, Darla Dare, Michael Macrander, Sean Churchfield, Susan Childs, Pete Saiby,
Karen Spring, Shell Alaska Journey Management and Logistics Teams, ASRC Energy Services and
NANA Management Services provided valuable support prior to and throughout the field season. We
also thank all of the protected species observers (PSOs) who participated in the project — they were
essential to the completion and success of this endeavor.






Chapter 1: Background and Introduction  1-1

1. BACKGROUND AND INTRODUCTION!*

This report summarizes the marine mammal monitoring and mitigation efforts performed by Shell
(Shell Offshore, Inc., and Shell Gulf of Mexico, Inc.) during the 2012 exploration drilling program in the
Chukchi and Beaufort seas. Operations were permitted as two programs: one in the Chukchi Sea and one
in the Beaufort Sea. This 90-day report describes the results of marine mammal monitoring and
mitigation associated with each of these programs.

Marine exploration drilling and other industrial activities emit sound energy into the water (Greene
and Richardson 1988; Richardson et al. 1995; Tolstoy et a. 2004, Tolstoy et al. 2009) 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 a. 2004). The effects could consist of
behavioral or distributional changes, and perhaps (for animals very 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 or avoiding areas where stationary sound
sources are operating (Reiser et a. 2009; Richardson et a. 1995, 1999; Stone and Tasker 2006; Gordon et
al. 2004; Smultea et al. 2004). Either behaviora/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 “biologicaly
significant.”

A number of cetacean and pinniped species inhabit parts of the Chukchi and Beaufort seas. The
National Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS) share
jurisdiction over the marine mammal species in this region. Three species under NMFS jurisdiction that
may occur in these waters are listed as “Endangered” under the ESA, including bowhead whale (Balaena
mysticetus), humpback whale (Megaptera novaeangliae), and fin whale (Balaenoptera physalus).
Additionally, NMFS initiated a status review in 2008 to determine if listing as endangered or threatened
under the ESA is warranted for ringed seal (Phoca fasciata), spotted seal (Phoca largha), bearded sed
(Erignathus barbatus), and ribbon seal (Histriophoca fasciata; NMFS 2008a,b). In 2008, NMFS
announced that listing of the ribbon seal as threatened or endangered was not warranted, however, on 30
August 2011 a new status review was initiated based on new information about the species and a
determination is pending (NMFS 2011c). NMFS (2010a) determined that no listing action was warranted
for the Bering Sea and Okhotsk populations of spotted seal. NMFS (2010b) determined that two distinct
population segments (DPS) of bearded sedls, the Beringia and Okhotsk DPSs, should be listed as a
threatened species, but extended the public comment period for the listing. NMFS (2010c) also
designated four subspecies of ringed seal, including Arctic, Okhotsk, Baltic, and Ladoga, as proposed
threatened species but extended the public comment period for these listings as well. NMFS issued fina
determinations in late 2012 to list the Beringia and Okhotsk DPSs of bearded seal, and the Arctic,
Okhotsk, and Baltic subspecies of ringed seal as threatened under the ESA (NMFS 2012a,b). These final
determinations by NMFS for bearded and ringed seals were made after the completion of 2012 project
operations, and remained open to public comment until 26 Feb 2013.

USFWS manages two marine mammal species occurring in the Chukchi and Beaufort seas, the
Pacific walrus (Odobenus rosmarus) and polar bear (Ursus maritimus). The polar bear was listed as
threatened under the ESA in 2008 (USFWS 2008). A petition to list Pacific walrus as threatened or

! By H.J. Reider, L.N. Bisson, and H.M. Patterson (LGL).
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endangered was submitted to USFWS (CBD 2008) and resulted in their designation as an ESA candidate
species (USFWS 2011).

Recognizing the potential for marine mammals to be encountered during planned exploration
drilling activities in the Chukchi and Beaufort seas during the 2012 open-water season, Shell submitted an
application to NMFS on 30 June 2011 for the Chukchi Sea and 10 May 2011 for the Beaufort Sea for
Incidental Harassment Authorizations (IHAS) to authorize non-lethal “takes’ of marine mammals
incidenta to Shell’s proposed activities. Subsequently, NMFS requested that Shell revise the applications
and Shell resubmitted the modified applications on 12 September 2011 for the Chukchi and 2 September
2011 for the Beaufort Sea (Shell 2011a,b). Notices announcing Shell’s requests for the IHAs were
published in the Federal Register on 9 November 2011 for the Chukchi Seaand 7 November 2011 for the
Beaufort Sea and public comments were invited (NMFS 2011a,b). NMFS issued IHASs for the proposed
activities in the Chukchi and Beaufort seas to Shell on 9 May 2012 (NMFS 2012c,d). The IHAs
authorized “potential take by harassment” of various cetacean and seal species during offshore
exploration drilling on the Outer Continental Shelf (OCS) leases from 1 July 2012 through 31 October
2012 (Appendix A).

Similarly, on 12 May 2012 for the Chukchi Sea and 4 May 2012 for the Beaufort Sea, Shell
requested L etters of Authorization (LOAS) from USFWS for the ‘incidental take by harassment’ and ‘take
by harassment’ of polar bears and walrus during open-water drilling exploration activities in the Chukchi
and Beaufort seas in 2012. The USFWS issued a total of four LOASs to Shell for exploratory drilling
activities. Two LOAs were issued on 4 Jun 2012 allowing Shell to “take” small numbers of polar bears
and Pacific walruses incidenta to proposed activities occurring in the Chukchi and the Beaufort seas
during the 2012 open-water season. The USFWS issued two additional LOAS to ‘take by harassment,’
polar bears and Pacific walruses during the exploration drilling operations only for ice-management and
scouting activities in the Chukchi and the Beaufort seas. The four LOAs were valid between 4 June 2012
and 30 November 2012 (Appendix B).

Having received these authorizations, Shell conducted exploratory drilling activities in the Chukchi
and Beaufort seas during the open-water period of 2012 in support of potential future oil and gas
development. Exploratory drilling in the Chukchi Sea was conducted by Noble Corporation using the
industry-standard, ice-strengthened Motor Vessel (M/V) Noble Discoverer (Discoverer) drillship,
attended by a minimum of eight support vessals for the purposes of ice management, anchor handling, oil
spill response, refueling, and resupply. Exploratory drilling in the Beaufort Sea was also conducted by
Noble Corporation using the conical drilling rig Kulluk, and was attended by a minimum of 11 support
vesselsfor the purposes of ice management, anchor handling, oil spill response, refueling, and resupply.

This document serves to meet reporting requirements specified in the IHAs and LOAs. The
primary purposes of this report are to describe project activities in the Chukchi and Beaufort seas, 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
exploratory drilling activities at or above presumed effect levels as prescribed by the respective agencies.
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I ncidental Harassment Authorizations and Letters of Authorization

IHAS typically include provisions to minimize the possibility that marine mammals close to the
sound source might be exposed to levels of sound high enough to cause short— or long-term hearing loss
or other physiological injury. During this project, sounds were generated by the drill rigs Discoverer and
Kulluk, support vessels (including ice-management and anchor-handler vessels), and aircraft on and near
Shell’ s lease holdings in the Chukchi and Beaufort seas. Shell was given authorization at the completion
of each well to conduct zero-offset vertical seismic profile (ZV SP) surveys, which emit pulsed sounds. A
top well and mud-line cellar (MLC) were completed in each of the OCS lease sites that did not enter the
hydrocarbon-bearing zones, and as a result no ZV SP surveys were conducted by Shell in the Arctic in
2012. Given the nature of the operations and mitigation measures, no serious injuries or deaths of marine
mammals were anticipated as a result of the activities, and no such injuries or deaths were attributed to
these activities. Nonetheless, the sound produced by exploratory drilling and associated operations
described in Chapter 2 had the potential to “take” marine mammals by harassment.

Marine mammals exposed to pulsed sounds>160 dB re 1 uPa (rms) or continuous sounds>120 dB
re 1 pPa (rms) are assumed by NMFS to be potentially subject to behavioral disturbance. However, only
the continuous sound sources that were authorized in Shell’s IHAs were generated in 2012 due to the
absence of ZVSP surveys. NMFS assumes that marine mammals exposed to continuous sounds from
drilling activities with received levels>120 dB re 1 uPa (rms) are likely to be disturbed. That assumption
is based mainly on data concerning behavioral responses of baleen whales, as summarized by Richardson
et a. (1995) and Gordon et al. (2004). 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 the sound and the associated water depth.

The IHAs issued by NMFS to Shell authorized incidental harassment “takes’ of three ESA-listed
species including bowhead whale, humpback whale, and fin whale, as well as several non-listed species
including gray whale, Minke whale (Balaenoptera acutorostrata), killer whale (Orcincus orca), beluga
whale (Delphinapterus leucas), harbor porpoise (Phocoena phocoena), and ringed, spotted, bearded, and
ribbon seals. As noted above, localized populations of ringed and bearded seals were listed as threatened
after completion of Shell’s 2012 operations in the Arctic (NMFS 2012c,d).

NMFS granted the IHA to Shell on the expectation that

e the numbers of whales and seals potentialy harassed (as defined by NMFS criteria) during
exploratory drilling operations would be “small”,

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

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

o the agreed upon monitoring and mitigation measures would be implemented.

The LOASs issued to Shell by USFWS were based on similar expectations for polar bears and
Pacific walruses as those described for cetaceans and seals in the IHAs. The polar bear is listed as
threatened under the ESA and Pacific walrusis a candidate species for listing. Although Shell was issued

‘take by harassment’ LOAs by USFWS, there were no occurrences of “intentional take” of any marine
mammal by Shell in 2012.
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Mitigation and Monitoring Objectives

The objectives of the mitigation and monitoring program were described in detail in Shell’s IHA
and LOA applications (Shell 2011a,b) and in the IHAs and LOAs issued to Shell (Appendices A and B).
An explanation of the monitoring and mitigation requirements was published by NMFS in the Federal
Register (NMFS 2012c,d).

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 potentialy exposed to low-level continuous sounds
generated by the drilling operations and support activities near well sites; and

e determine the reactions (if any) of marine mammals potentially exposed to exploratory drilling
sounds and related activities.

Mitigation and monitoring measures that were implemented during the activities in the Chukchi
and Beaufort seas are described in detail in Chapter 4.

The purpose of the mitigation program was to avoid or minimize potential effects of Shell’s
exploration drilling activities on marine mammals and subsistence hunting. To this end, trained Protected
Species Observers (PSOs) were stationed onboard the drill rigs and the various support vessels to detect
and monitor marine mammals and their responses to industry activities, and to initiate mitigation
measures if required. PSOs stationed on drill rigs monitored for marine mammals during all daylight and
night time periods during active operations, and during most daylight periods when exploration drilling
operations were not occurring. PSOs aboard vessels in transit implemented general mitigation measures
as stipulated in Shell’s IHAs and LOASs (e.g. reduce speed, alter course, maximize distance from marine
mammals) to minimize potential impacts. Vessel activity did not return to normal until al marine
mammals were outside of zones that required mitigation. Regular aerial and support vessel surveys for
marine mammals were conducted to further monitoring effortsin drilling aress.

Report Organization

This 90—day report summarizes the exploration drilling activities and describes the methods and
results of the mitigation and monitoring performed to meet the above objectives as required by the IHAs
and LOAs.

Thisreport includes eight chapters:

Background and Introduction;

Description of Shell’ s Exploration Drilling Program;

Underwater Sound M easurements;

V essal-based Monitoring, Mitigation, and Data-analysis Methods,
Chukchi SeaV essel-based Marine Mammal Monitoring Results;
Beaufort Sea V essal-based Marine Mammal Monitoring Results;
Chukchi Sea Aerial Survey Program Results;

Beaufort Sea Aeria Survey Program Resullts.
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In addition, 12 appendices provide copies of relevant documents and details of procedures that are
more-or-{ess consistent during marine surveys where marine mammal monitoring and mitigation measures
arein place. These procedural details are only summarized in the main body of this report. The appendices
include:

A. Copiesof the IHAs issued by NMFSin 2012 to Shell;
B. Copiesof the Chukchi and Beaufort sea L OAsissued by USFWSto Shell for 2012;

C. Copy of the Conflict Avoidance Agreement between Shell, the Alaska Eskimo Whaling
Commission, and the Whaling Captains Associations;

Descriptions of Vessels and Equipment;

Details of Vessel-based Monitoring, Mitigation, and Data-analysis Methods;
Beaufort Wind Force Definitions;

Background on Marine Mammals in the Chukchi and Beaufort seas;
Acoustic Monitoring Results;

V essal-based Marine Mammal Monitoring Resultsin the Chukchi Seg;

V essal-based Marine Mammal Monitoring Results in the Beaufort Sea;
Aeria Survey Resultsin the Chukchi Sea;

Aeria Survey Resultsin the Beaufort Sea.
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2. EXPLORATORY DRILLING OPERATIONS DESCRIBED*

Shell conducted exploratory drilling activities in the Chukchi and Beaufort seas during the 2012
open-water period. A single, relatively-shallow top hole was completed in each sea without reaching
hydrocarbon zones typically located at greater depths than were drilled in 2012. Marine mammal
monitoring was conducted from two drill rigs and 15 support vessels operated by Shell in support of
exploration drilling and related activities. During exploration drilling operations, the drill rigs M/V Noble
Discoverer (Discoverer) and the Kulluk operated in the Chukchi and Beaufort seas, respectively.

The Nordica was the first Shell vessel to sail northward from Dutch Harbor in 2012 when it
departed on 20 Jul. The Nordica passed through the Bering Strait and entered the Chukchi Sea on 23 Jul.
The Nordica also was the first project vessel to enter the Beaufort Sea, which occurred on 15 Aug. All
Shell vessels departed the Beaufort Sea on 25 Aug after laying anchors at the Sivulliqg well site in
preparation for anchoring the Kulluk drill rig later in the season. Several vessels returned to the Beaufort
Sea on 8 Sep and staged in standby location to await the completion of Nuigsut and Kaktovik whaling
activities. Shell vessels departed the Beaufort Sea on 10 Nov 2012 when the Aivig, which was towing the
Kulluk, entered the Chukchi Sea. The Aiviq and Kulluk also were the last of Shell’ s vessel assets to depart
the Chukchi Sea in 2012 when they entered the Bering Sea on 14 Nov en route to Dutch Harbor. Most
2012 project vessals arrived back in Dutch Harbor in early- to mid-Nov, and the Aivig and Kulluk were
the last to return to this port on 21 Nov. Most vessels operated primarily in either the Chukchi Sea or the
Beaufort Sea, however, several vessels operated in both seas. Detailed date and location information for
each vessdl in Shdll’s 2012 drilling fleet are shown in Figures 2.1 and 2.2.

During drilling, each of the two drill rigs emitted near-continuous, low-energy sounds through the
use of generators and drilling equipment. In addition, support vessels including ice-management and
anchor-handling vessels operated in and around the exploratory drilling areas. These activities resulted in
ensonification of limited areas of the ocean bottom and intervening water column around the drillsites.
Shell was required to monitor and report underwater sound levels from its exploratory drilling and related
support activities as stipulated in the Incidental Harassment Authorizations (IHAs) from the National
Marine Fisheries Service (NMFS) for thiswork.

Sound source characterizations (SSCs) were performed on al vesselsin each theatre of operation.
In addition to measurements of vessel sounds, various drilling and support activities were aso
characterized. These included sounds associated with anchor placement and handling, and the drilling of
top holes, which involves the boring of a pilot hole and the construction of a mudline cellar (MLC).
Additionally, sounds associated with ice management were measured to better understand the potential
for these underwater sounds to disturb marine mammals. The following sections detail the operations
associated with exploratory drilling programs in the Chukchi and Beaufort seas, and in brief, the marine
mammal monitoring programs that are described in greater detail in Chapters 4-8. Detailed descriptions
of the methods employed for the measurement and analysis of underwater sounds can be found in Chapter
3.

Protected Species Observers (PSOs) were stationed aboard all vessels to collect data and request
mitigation measures as necessary during 2012 operations throughout the Chukchi and Beaufort seas.

! By H.J. Reider, L.N. Bisson, and C.M. Reiser (LGL).
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Detailed descriptions of the vessels and equipment can be found in Appendix D. The vessels used during
Shell’s 2012 program, all of which were staffed with PSOs, included:

o Drill Rigs— Discoverer (self-propelled drillship) and Kulluk* (platform that requires towing)

e |ceManagement Vessels— Fennica and Nordica*

¢ Anchor Handlersand Secondary Ice Management Vessels— Tor Viking and Aivig*

e Two Offshore Supply Vessels (OSVs) — Harvey Explorer and Harvey Spirit

e OSV and Waste Storage — Harvey Ssuag*

o Shallow-water Landing Craft — Arctic Seal*

o Arctic Oil Storage Tanker (OST) — Affinity

o Offshore Spill Response (OSR) vessel — Nanuq and Guardsman

e General Logisticsand Support — Pt. Oliktok, Barbara Foss, Lauren Foss* and Warrior*

* Indicates vessel was dedicated primarily to the Beaufort Sea exploratory drilling program. Several vessels
operated in both the Chukchi and Beaufort seas during different operational periods throughout the season

All of Shell’s vessels operated in accordance with the provisions of the IHAs issued by NMFS
(Appendix A) and Letters of Authorization (LOAS) issued by the U.S. Fish and Wildlife Service
(USFWS; Appendix B), as well as a Conflict Avoidance Agreement (CAA) negotiated among various
stakeholders including Shell, other industry operators, the Alaska Eskimo Whaling Commission
(AEWC), and the Whaling Captains Associations from Barrow, Nuigsut, Kaktovik, Wainwright, Pt. Lay,
and Pt. Hope (Appendix C).

Throughout Shell’s 2012 exploration drilling operation, vessel position, survey activity, water
depth, and environmental information were collected by the PSOs on duty using a direct-entry computer
software program designed specifically for this purpose. Data were collected not only while on prospect
but also throughout the Chukchi and Beaufort seas during transit and stationary standby periods.

Chukchi Sea Exploration Drilling Program

The geographic region where the exploration drilling program occurred in the Chukchi Sea was on
Bureau of Ocean Energy Management (BOEM) Alaska Outer Continental Shelf (OCS) lease holdings in
the Chukchi Sea Planning Area designated by Oil and Gas Lease Sde 193 (Fig. 2.3). The Burger-A
drillsite was located approximately 103 km (64 mi) offshore and approximately 126 km (78 mi) northwest
of the closest village of Wainwright, which is located on the northwestern coast of Alaska. Water depths
in the Burger prospect area averaged 40-48 m (131-157 ft) in depth.

The Discoverer, an industry-standard, ice strengthened drillship, performed the exploratory drilling
operationsin the Chukchi Sea at the Burger-A drillsite. Exploratory drilling was conducted using standard
rotary drilling technology and seawater from 23 Sep through 26 Oct. One top hole, which included a pilot
hole, construction of a MLC, and hole-opening operations to set conductor and surface casing, was
completed at the Burger-A drillsite. The depth of the well was approximately (457 m (1500 ft). The top
hole did not penetrate the hydrocarbon-bearing zones in compliance with BOEM and Bureau of Safety
and Environmental Enforcement (BSEE) regulations.
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FIGURE 2.1. Periods when each project vessel was present in the Chukchi Sea during Shell’s exploratory drilling program, 2012.
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FIGURE 2.2. Periods when each project vessel was present in the Beaufort Sea during Shell's exploratory drilling program, 2012.



2-4 Monitoring in the Chukchi and Beaufort seas for Shell, 2012

Anchor handling, ice management and support vessels were active on and near the drillsite site
during exploratory drilling activities. The Tor Viking served as the primary anchor handling vessel in the
Chukchi Sea. The Fennica and Tor Viking were involved in ice scouting and ice management activities
near the drillsite in the Chukchi Sea, with the Fennica serving as the primary ice management vessel.
Additional support vesselsincluded the Harvey Explorer, Harvey Spirit, Nanug, Affinity, and Guardsman.
Due to changing operational needs throughout the season, certain support vessels worked in both the

Chukchi and Beaufort seas (Figs. 2.1 and 2.2).

Exploratory Drilling Dates

The drillship Discoverer, tow-assist vessel Lauren Foss, and accompanying support vessels
departed Dutch Harbor on 25 Aug and arrived in the Chukchi Sea on 29 Aug. On the evening of 29 Aug,
the Discoverer disconnected from the Lauren Foss and connected to the Tor Viking for the continued tow-
assist northward. The Discoverer arrived at the Burger-A drillsite on 7 Sep and began exploratory
drilling at Burger-A site on 9 Sep (Fig. 2.4). On 10 Sep the Discoverer departed the prospect due to
deteriorating ice conditions and staged nearby until ice conditions at the prospect area improved. The
Discoverer returned to the prospect on 21 Sep and resumed exploratory drilling activities on 23 Sep.
Shallow top-hole drilling activities continued until completion on 26 Oct. The Discoverer departed the
prospect on 28 Oct and subsequently exited the Chukchi Sea on 31 Oct. The Discoverer spent a total of
64 days in the Chukchi Sea with 42 of those days on prospect and engaged in exploratory drilling or
related activities. The following sections provide a more detailed description of anchor handling, ice
management, boring of the pilot hole, and excavation of the MLC in the Chukchi Sea during 2012.
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FIGURE 2.3. Location of Shell lease holdings in the Alaskan Chukchi Sea and the exploratory drillsite in
2012.
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FIGURE 2.4. Periods when exploratory drilling and related support activities were conducted by Shell in
the Chukchi Sea, 2012.

Anchor Handling

The drillship Discoverer had an 8-point anchored mooring system with a maximum anchor radius
of ~910 m (2986 ft). The drillship was affixed to the seafloor using eight 7000 kg (15,432 |bs) Stevpris
anchors arranged in a radial array. The drilling rig anchors were designed for rapid connect and
disconnect using a Rig Anchor Release (RAR) system, with a submersible anchor buoy to ensure the line
did not get stuck on the seafloor. The Tor Viking and Aivig conducted the early season anchor handling
operations. The different phases of anchor handling included anchor setting, anchor hook-up, anchor
retrieval, and disconnection. Each phase of anchor handling was accomplished in relatively short time
periods ranging from ~2 to 7 days. Underwater sound propagation during these activities was measured
and is described in Chapter 3.

The Tor Viking and Aiviq arrived on prospect ahead of the drillship to set anchors from 8 Aug to
10 Aug. Connection of the anchors to the Discoverer occurred from 6 to 9 Sep. Deteriorating ice
conditions resulted in anchor disconnection from the Discoverer and partial anchor retrieval on 9 and 10
Sep by the Tor Viking. The Tor Viking disconnected the Discoverer from anchors on 14 and 15 Sep, and
subsequently departed the area. The Tor Viking and Discoverer returned to the Burger drillsite to
reconnect the drill rig to anchors on 20 Sep. Drilling resumed on 23 Sep and was completed on 26 Oct.
Anchors remained on the seafl oor following the completing of drilling operations.

Pilot Hole

As part of the top-hole construction a series of holes with various diameters ranging from 21.6 cm
(8.5in) to 91.4 cm (36 in) were drilled. The initia pilot hole was drilled ~396 m (1300 ft) into the sea
floor to check for any physical obstructions or shallow pockets of gas over the drillsite. A 91.4-cm (36-
in) diameter hole was then drilled to ~106 m (350 ft) in preparation for a base conductor pipe, to which a
blowout preventer (BOP) will be connected to in a subsequent season. The drilling of the various pilot
hole diameters occurred during different time periods throughout the exploratory drilling period from 23
Sep through 26 Oct.

Mudline Cellar (MLC)

A MLC was constructed from 2 to 3 Oct to ensure that the wellhead and BOP were located below
the maximum ice-keel gouge depth. The MLC was constructed in the seafloor using a large-diameter bit
operated by hydraulic motors. The MLC bit was a two-part device; the upper section of the bit remained
stationary while the bottom section rotated. Power was supplied by three hydraulic motors that operated a
series of 0.9 m (3 ft) diameter disks angled to displace seafloor sediments. The resulting MLC was~6.1 m
(20 ft) in diameter and ~12.2 m (40 ft) deep.
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| ce Management

The exploration drilling program was located in an area characterized by active sea-ice
movement, ice scouring, and storm surges. Potentially hazardous ice was encountered during the 2012
program in the Chukchi Sea and ice management and scouting were a part of the exploration drilling
activities. Shell implemented an Ice Management Plan (IMP) to provide real-time ice and weather
forecagting to identify conditions that might put operations at risk. The IMP provided Shell with a
mechanism to modify the drilling schedule and activities as necessary with changing weather and ice
conditions.

The Fennica and Tor Viking scouted and managed ice to protect the anchor buoys and the
Discoverer from heavy ice conditions experienced from 31 Aug through 3 Sep and from 11 through 13
Sep. In generd, ice management activities included physical pushing or breaking of drift ice to prevent
ice-floe collision with the drillship and anchoring equipment. |ce management occurred upwind within
10 km (6 mi) north-northeast of the Burger-A drillsite. The actual amount of time spent actively pushing
or breaking ice in the Chukchi Seawas limited to discrete, isolated events between 31 Aug—-3 Sep and 11—

13 Sep.
Sound Source Characterization (SSC)

Acoustic measurements were conducted at Shell’s OCS lease area in the Chukchi Sea, ~ 45 km (30
mi) south-southwest of the Burger-A drillsite (Fig. 2.3) by JASCO Applied Sciences (JASCO).
Underwater measurements of sound propagation from each project vessel were conducted from 15 Sep to
1 Oct for vessel SSCs. The measurements were performed using three JASCO Autonomous Multi-
channel Acoustic Recorders (AMARS) deployed from the M/V Fennica to capture sound levels as a
function of distance and direction from each vessel. Additionally, four recorders were deployed within 8
km (5 mi) of the drillsite to record and characterize sounds associated with the drilling activities from 3
Aug to 26 Oct (see Chapter 3 for a complete description of the sound source measurements and analyses).

Beaufort Sea Exploration Drilling Program

The geographic region for the 2012 Beaufort Sea drilling program was in the eastern Beaufort
Sea leases acquired from BOEM. The OCS lease site was located at the Sivulliq prospect north of Point
Thompson near Camden Bay, AK approximately ~26 km (16 mi) offshore (Fig. 2.5). Water depth at the
Sivulliq prospect was approximately 33 m (110 ft).

Exploratory drilling operations in the Beaufort Sea were performed by the Kulluk, a conically
shaped, ice-strengthened floating drill rig designed and constructed for extended season drilling
operations in Arctic waters. The Kulluk has an Arctic Class IV hull designed to maintain its location in
drilling mode in moving ice with thickness up to 1.2 m (3.9 ft). One top hole with an MLC was
completed at the Sivullig-N drillsite in 2012. The top hole did not penetrate the hydrocarbon-bearing
zones in compliance with BOEM and BSEE regulations and was drilled to a depth of less than 457 m
(1500 ft). Exploratory drilling was conducted using standard rotary drilling technology and seawater
from 3 through 28 Oct.

Ice management, anchor handling, oil spill response, refueling, and resupply vessels supported
exploratory drilling operations in the Beaufort Sea. The support vessels included the Nordica, Aiviq,
Ssuaq, Lauren Foss, Arctic Seal, Warrior, Pt. Oliktok, Affinity and Nanug. Depending on operational
needs the Affinity and Nanug were operated in both Chukchi and Beaufort seas during the season (Figs.
2.1and 2.2).
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Exploratory Drilling Dates

The Kulluk, tow vessel and support vessel Warrior and the Guardsman, respectively, departed
Dutch Harbor on 20 Aug. On 27 Aug, the Kulluk disconnected from the Warrior near St. Lawrence
Island, Alaska and connected to the Aiviq to continue the tow north. The Kulluk entered the Chukchi Sea
on 28 Aug. The Kulluk and support vessels entered the Beaufort Sea on 10 Sep (Fig. 2.2).

All Shell drilling program activities in the Beaufort Sea were suspended starting on 25 Aug due to
the Nuigsut (Cross Island) and Kaktovik subsistence bowhead whale hunts. On 11 Sep the drill rig and
support vessels staged at the designated standby area north of Prudhoe Bay and west of the Nuigsut and
Kaktovik whale hunt blackout zone (see CAA, Appendix C). The Kulluk and support vessels entered the
exploration drillsite briefly on 21 Sep and departed the same day (Fig. 2.2). This departure was in part
due to discussions between Shell and the AEWC. Activities at the Sivulliq drillsite commenced on 25
Sep, including attachment of anchors to the Kulluk. Drilling began on 3 Oct. Shallow top-hole drilling
activities concluded on 28 Oct and the Kulluk departed the prospect on 7 Nov. On 8 Nov PSOs
disembarked from the Kulluk; however, PSOs remained aboard the tow vessel Aiviq during the tow south.
The Kulluk spent a total of 62 days in the Beaufort Sea with 35 of those days on prospect engaged in
exploratory drilling or related activities.
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FIGURE 2.5. Location of Shell lease holdings in the Alaskan Beaufort Sea and the exploratory drillsite in
2012.
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Anchor Handling

The Kulluk was moored using a 12-point anchor system and the maximum anchor radius was
~950 m (3117 ft). The Kulluk was affixed to the seafloor using 12, 15-metric ton (33,069 pounds)
Stevpris anchors arranged in a radial array. The Aivig was the primary anchor handling vesse in the
Beaufort Sea. The different phases of anchor handling included anchor setting, anchor hook up, anchor
retrieval and disconnection.

The Aiviq set anchors for the Kulluk from 18 through 22 Aug (Fig. 2.6). On 21 Sep, the Aiviq
began partially hooking up anchors to the Kulluk. Due to continued discussions with the AEWC, the
anchors were disconnected and the Kulluk departed the prospect temporarily. On 25 Sep, the Kulluk
returned to the prospect and anchor hook-up was completed on 27 Sep. After the completion of top-hole
drilling on 28 Oct by the Kulluk, the Aiviq disconnected anchors from the drill rig from 4 to 7 Nov (Fig.
2.6). Anchors remained on the seafloor following completion of drilling activities.

Pilot Hole

Pilot-hole congtruction was similar to the Chukchi Sea program mentioned above. The Kulluk
drilled the pilot holes required for top-hole construction throughout the exploratory drilling period, from 3
Oct through 28 Oct.

Mudline Cellar (MLC)

MLC operations for the Kulluk occurred from 13 Oct to 23 Oct in the Beaufort Sea (Fig. 2.6).
MLC operations were similar to the Discoverer, which is described above in detail. However, the
resulting ML C constructed by the Kulluk was dlightly larger in diameter, at least 7.3 m (24 ft) in diameter
and ~11.3 m (41 ft) below the mudline.

Sound Source Characterization (SSC)

Acoustic measurements were conducted at Shell’s OCS lease area in the Beaufort Sea, ~45 km
(30 mi) west-northwest of the Sivullig-N drillsite (Fig. 2.4) by JASCO. Five recorders were deployed for
the measuring and characterizing underwater sounds associated with the Beaufort Sea program from 26
Sep through 22 Oct. Three JASCO AMARs were deployed from the Nordica specifically to capture
underwater measurements of sound propagation from each project vessel from 28 Sep through 2 Oct.
Additionally, an acoustic telemetry buoy was also deployed in the Beaufort Sea for real-time monitoring
of the drilling sounds from 3 Oct through 21 Oct (see Chapter 3 for a complete description of the sound
source measurements and analyses).

Stund Souce [[LE 118 B2 L 5 918 833
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Figure 2.6. Periods when exploratory drilling and related support activities were conducted by Shell in the
Beaufort Sea, 2012.
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Vessel-based Marine Mammal Monitoring

Vessal-based marine mammal monitoring and mitigation was conducted from the drill rigs and
support vessels throughout operations in the Chukchi and Beaufort seas. Permit stipulations required that
two PSOs be on watch aboard drill rigs and ice management vessels during al active drilling and ice
management operations from nautical twilight-dawn to nautical twilight-dusk. As a conservative
approach, at least one PSO maintained an active watch during periods of darkness when drilling or ice
management was occurring, and an additional PSO was on-call during these periods. At least one PSO
was on watch on the additional support vessels when the vessel was engaged in active operationa
activities and at other times whenever practicable. During daylight hours, scans were made with Fujinon
7x50 reticle binoculars and the unaided eye. During periods with excellent visibility, Fujinon 25x50
“Big-Eye” binoculars or Zeiss 20x60 image stabilized binoculars were used to monitor for distant marine
mammals. PSOs frequently scanned areas around the vessel during periods of darkness using Generation
3 night vision devices (NVDs).

Chapter 4 provides a detailed description of the vessel-based methods and equipment used for
monitoring and mitigation during the exploratory drilling, MLC, anchor handling and ice management
activities, as well as the data analysis methodology. Results of the vesse-based marine mammal
monitoring program are presented in Chapters 5 and 6.

Aircraft Operations

Various aircraft were used in support of both marine mammal monitoring and the 2012 exploratory
drilling program in the Chukchi and Beaufort seas. Two Twin Otter fixed-wing aircraft were flown to
conduct aeria surveys for marine mammals over each of the drilling prospects as part of the program.
Additionally, two S-92 helicopters were operated out of Barrow and Deadhorse and provided support for
crew change and resupply. A third S-92 helicopter served as the search-and-rescue (SAR) asset operated
by Shell during the drilling season, which was based in Barrow.

Chukchi Sea Aerial Monitoring

Shell conducted aerial surveys of marine mammals using a team of PSOs over coasta and
nearshore areas in the Chukchi Seain 2012. Additionally, aerial surveys were conducted over the Burger
exploratory drillsite using high-definition cameras. Nearshore surveys were flown in a saw-toothed
pattern between the shore and 37 km (23 mi) offshore as well as aong the coast from Point Barrow to
Point Hope. The nearshore/sawtooth surveys were flown with both a full PSO crew and digital still and
video cameras, whereas the offshore surveys over the Burger exploratory drilling areain the Chukchi Sea
were flown with only the pilots and the cameras. The Chukchi Sea aerial survey program in support of
Shell’s exploratory drilling program began on 18 Jul and was completed on 29 Oct. The primary
objective of the Chukchi Sea aeria survey program was to collect data over the offshore exploratory
drillsite. Asaresult, there were 18 offshore camera surveys flown over Burger in 2012 compared to five
nearshore surveys with PSOs aboard. A description of the aerial survey equipment, methods, and
preliminary monitoring results from the 2012 Chukchi Sea Aerial Survey Program is presented in Chapter
7.
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Beaufort Sea Aerial Monitoring

Shell conducted aerial surveys of marine mammals using a team of PSOs over their offshore
operations areas in the Beaufort Sea in 2012. The transect lines were oriented north-south and the total
survey transect distance was similar to prior years (~1350 km or 839 mi), however, transects were
stratified in 2012 with closer transect spacing over the drillsite compared to transects in the outer regions
of the survey grid. Stratified sampling was implemented to increase the statistical power of analyses to
detect a potential difference in bowhead whale densities in areas close to the drilling operation compared
to those farther away from drilling activities. Aeria surveysin the Beaufort Sea were flown with a full
PSO crew in addition to digital still and video camera systems aboard aircraft. The Beaufort Sea aerid
survey program in support of Shell’s 2012 exploratory drilling program began on 19 Aug and was
completed on 6 Nov. There were 25 surveys flown during the 2012 season in and around the area of
exploratory drilling at Sivullig. A description of the aerial survey equipment, methods, and monitoring
results from the 2012 Beaufort Sea Aerial Survey Program is presented in Chapter 8.

Aerial Crew Change, Resupply, and Search-and-rescue

Crew changes and resupply were conducted with two S-92 helicopters contracted from PHI Inc.
A total of 210 crew-change and/or resupply flights were flown in support of Shell’s 2012 exploratory
drilling program in the Chukchi and Beaufort Seas. Crew-change and resupply flights were spread evenly
between the two seas with 113 such flights flown out of Barrow in support of the Chukchi Sea program
and the remaining 97 flights flown out of Deadhorse in support of the Beaufort Sea program. Crew-
change flights were flown from 10 Jul through 11 Nov in the Chukchi Sea, and 9 Jul through 8 Nov in the
Beaufort Sea.

Shell had one additional helicopter for SAR. This aircraft remained grounded at the Barrow
shorebase except during training drills, emergencies, and other non-routine events. There were 49 SAR
flights flown, with the majority of those occurring in the Chukchi Sea.

Shell Communications with Local Village Communication Centers

Various personnel contracted by Shell, most often the PSOs, aboard the drill rigs and support
vessels routinely contacted Alaska Native communities via a network of communication centers (com
centers). Com centers were established in Savoonga, Wales, Kotzebue, Kivalina, Pt. Hope, Pt. Lay,
Wainwright, Barrow, Nuigsut, Deadhorse, and Kaktovik during the 2012 exploratory drilling season.
These communications between Shell and loca communities were intended to ensure that project
activities did not interfere with subsistence activities in the Chukchi and Beaufort seas and the Bering
Strait region. Communications were made when the vessels were within 50 miles of the respective com
center. Communications were made via phone, VHF radio, or email by each vessel every 6 hours on the
synoptic hours. Information reported during each communication included the current vessel location,
activity, heading and the proposed activities for the next 24 hours.
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3. UNDERWATER SOUND MEASUREMENTS'

This chapter presents the results from an underwater acoustic monitoring study that characterized
the sound emissions of vessels and equipment used during Shell Exploration and Production Company’s
2012 drill programs in the Alaskan Chukchi and Beaufort Seas. Acoustic recordings were collected
between 7 Aug and 26 Oct 2012 at the Burger-A prospect in the Chukchi Sea, and between 21 Sep and 22
Oct 2012 at the Sivullig-N prospect in the Beaufort Sea. JASCO Applied Sciences Ltd. performed this
study to fulfill the underwater acoustic monitoring requirements of Shell’s Incidental Harassment
Authorization (IHA) issued by the National Marine Fisheries Service (NMFS).

Conditions 10(c), 11(a), and 11(c) of the IHA define the reporting requirements for sound
characterization measurements. When measurements of drilling sounds were available, weekly field
reports were prepared as per Condition 11(a). Field reports of support vessel sounds were delivered to
Shell within five days of the vessel sound characterization measurements. This chapter addresses the
detailed reporting tasks of Condition 11 and provides further information about the measurements
performed under Condition 10.

Vessel sounds were measured with three dedicated underwater acoustic recorders that measured
sounds in the forward, aft, and broadside directions from every support vessel operating at each prospect
site. This report presents these data in plots of sound pressure levels versus range. Also, source level
estimates are reported for each support vessel in 1/3-octave bands. This report contains tables that list
ranges at which sound pressure levels between 190 and 120 dB re 1 pPa (in 10 dB steps) were measured
as per Condition 10(c) of the IHA.

Drilling sounds were measured at four (Chukchi Sea) or six (Beaufort Sea) underwater acoustic
recording stations at each prospect site. This report provides sound characterizations of the following
activities associated with the drilling operations: anchor laying, ice management, pilot hole drilling, and
drilling of the mudline cellar. For each activity the sound levels received at each recorder are presented
along with the spectral composition of the measured drilling sounds. These data yielded ranges at which
sounds from drilling operations were at |levels between 190 and 120 dB re 1 pPa (in 10 dB steps).

Goals of the Acoustics Study

The goals of the acoustic monitoring study were to:

o Establish distances from support vessels where rms sound pressure levels reached threshold
levels between 190 dB re 1 pPa (rms) and 120 dB re 1 yuPa (rms) in 10 dB steps.

o Characterize sound emissions from support vessels as a function of direction (fore, aft, and
broadside) from the vessal.

o Establish the distances from drilling activities for which rms sound pressure levels reached
threshold levels between 190 dB re 1 pPa(rms) and 120 dB re 1 pPa(rms) in 10 dB steps.
Characterize the spectral composition of sounds from all vessels and drilling equipment.

o Establish source sound levels for vessels and drilling equi pment.

1 By Mélanie Austin, Andrew McCrodan, Caitlin O'Neill, Zizheng Li, Alexander MacGillivray (JASCO)
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Methods
Equipment
Autonomous Multichannel Acoustic Recorder

Vessel and drilling sounds were measured with Autonomous Multichannel Acoustic Recorders
(AMARs, JASCO Applied Sciences Ltd.) at both the Burger-A and the Sivullig-N prospect sites. The
AMARs were deployed directly on the seabed with their hydrophones approximately 30 cm (12 in) above
the ocean floor. Each AMAR had an attached ground line and small anchor (Figure 3.1) to alow retrieval
with a grapple hook. At each prospect site, three AMARs were outfitted with GeoSpectrum M8E
hydrophones with nominal sensitivity —164 dB re V/pPa to measure support vessel sounds. A dual-
channel configuration provided a wider dynamic range for measurements of the drilling activities. An
additional four AMARSs at each prospect site were outfitted with GeoSpectrum M8E and M8K
hydrophones, on channels 1 and 2, respectively. The M8K hydrophones have nominal sensitivity —210 dB
re V/uPa. Unless indicated otherwise, the results in this report were collected on channel 1. Each AMAR
recorded acoustic data to internal memory at a 64 kHz sample rate with 24-bit resolution, a configuration
that captured acoustic frequencies from 10 Hz to 32 kHz.

Each AMAR was calibrated before deployment and after retrieval with a 42AC pistonphone
calibrator (G.R.A.S. Sound & Vibration A/S), which generates a known 250 Hz reference tone accurate to
0.1 dB at the AMAR hydrophone sensor. The pressure calibration of each AMAR was obtained from the
level of the reference signal in the digital calibration recording. Typical calibration variance using this
method is less than 0.5 dB absolute pressure. The pressure sensitivity obtained from the pistonphone
calibration was used in subsequent data analysis.

Fix Ground Line to AMAR D-Ring Flx Ground Line to Anchor

IASCO AMAR Ground Line:
wy Collar Assembly /8" [10mm] Polyspec [Novabraid]
Lemgth == 2.5 x Station Depth
OR Minimum of 250' [75m]

Anchor Weight
10 Ik [4.5 kgl

FIGURE 3.1. AMAR mooring design.

Acoustic Telemetry Buoy

An acoustic telemetry buoy (JASCO Applied Sciences) was deployed at Sivullig-N to transmit
real-time acoustic and acoustic Doppler current profiler (ADCP) data to computers on the Kulluk. The
telemetry buoy (Figure 3.2) contained an AMAR and a downward-facing ADCP. A battery pack and
hydrophone were mounted on a frame and deployed on the seabed beneath the buoy. The data were
digitized at a 64 kHz sample rate and 24 bit sample resolution, then streamed back to the Kulluk with a
digital radio system. A computer server on the Kulluk logged the acoustic and ADCP data in rea time.
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These data were accessed remotely through the Kulluk' s satellite internet system and results were reported
weekly throughout the telemetry buoy’s deployment. ADCP data were used in real time for selecting the
drilling discharge monitoring sites.

FIGURE 3.2. Acoustic telemetry buoy used for acquiring real-time acoustic and
ADCP data.

Sound Sources Monitored

The acoustic monitoring study required measurements of underwater sound levels emitted by each
support vessel operating at each prospect site. Fourteen support vessels were measured in total; nine were
measured in the Chukchi Sea and nine in the Beaufort Sea, with some vessels operating at both prospect
sites (Table 3.1).
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TABLE 3.1. Specifications for the vessels measured in the sound source characterization studies.

Vessel Operator Type Length Width Draft Engine Propeller
Affinity TransPetrol Fuel supply 228 m 32.3m 105m  STX MAN B&W KH-40

Maritime (748 ft) (106ft) (34.3ft) 7S60MC-C 4-blade,

Services Ltd. 15820 KW @ 105 rpm 6.0 m diameter

4.2 m pitch
Edison Chouest  Oil spill 110 m 24 m 10 m 4 x Caterpillar C280 Rolls Royce CP
Offshore responseand  (360ft) (80ft) (34ft) 21,600 kW total
waste

Bering Marine Supply boat 37m 9.7m 15m 3408 Cat Diesel, 544 kW  5-blade, 4.5 in shaft,

Corp. (121ft) (321t (5ft) 54in x 42in
Fennica Arctia Ice 116 m 26 m 8.4 m 2 x Wartsila Vasa, 16 V 2 x azimuth, 4-blade,

management (380 ff) (85 f) (27.5ft) 32/6000 kW fixed pitch
2 x Wartsila Vasa, 12 V
32/4500 kw

Guardsman Crowley Marine  Oil spill 38.8m 11.21m 33m 2 x EMD 20-645-EG 2 x 5-blade, fixed

Services Inc. response (127 ft) (36.5 ft) (10.8 ft) 5369 kW pItCh

3.4 m diameter
Harvey Explorer Harvey Gulf Oil spill 73.2m 1721m 3.05m 2 x CAT 3516B 2 x 5-blade, fixed
‘ International responseand  (240ft) (56ft)  (10.0ft) 3370 KW pitch
Marine LLC waste 2.6 m diameter
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Vessel Operator Type Length Width Draft Engine Propeller
Harvey Spirit Harvey Gulf Qil spill 85.4m 183m 50m 2 X GE 7FDM12 2 x fixed pitch, 5-
International responseand (2801t (60 ft) (16.5ft) 4579 kW total blades
Marine LLC waste vessel 2.4 m diameter
Kulluk Shell Drilling unit 81m 81lm 10m N/A N/A
(266 ft) (266 ft) (33 ft)
Lauren Foss Foss Maritime Towing 455 m 12m 58m Alco Diesel, Twin screw
| Company (150 ft) (40ft)  (19f) 6189 KW conventional, Kort
nozzle
Nanuqg Edison Chouest  Oil spill 91.9m 183m 50m 2 x Caterpillar 3608 Controllable pitch
i Offshore response (301ft) (60ft)  (16.5ft) 4920 kW
Noble Dirilling Drillship 157 m 26 m 8.2m Mitsubishi/UBE 6UEC 4-blades, fixed,
(514 ft) (85 ft) (27 ft) 65/135A, 5369 kW 5.505 m diameter
3.7 m pitch
Nordica Arctia Ice 116 m 26 m 8.4 m 2 x Wartsila Vasa, 16 V 2 x azimuth, 4-
management (380 ff) (85 f) (27.5 ft) 32/6000 kW blades, fixed pitch,

2 X Wartsila Vasa, 12 V
32/4500 kW

variable rpm
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Vessel Operator Type Length Width Draft Engine Propeller
Pt Oliktok Crowley Marine  Towing 27 m 9.7m 3.4m Caterpillar 3512, 1573 kW 2 73 x 74 Coolidge
Services Inc. (90 ft) (32 ft) (11 ft) Stainless
Harvey Gulf Supply 88.5m 19m 5.8m 4 x Cummins QSK60DM  Schottell z-drive x2
International (2921ft) (64ft)  (19ft) 7300 kW total
Marine LLC
Tor Viking Il Viking Supply Anchor 83.7m 18 m 6m 2 x Mak 6 M32, 2880 kW 2 x KaMeWa
handllgg and  (275f) (59ft) (20ft) 2x Mak 8 M32, 4-blades,
secondary ice controllable pitch
management 3840 kW . P
4.1 m diameter
Crowley Marine  Tug 38.5m 11m 3.3m 20 cyl., 2 x 645EMD 5-blade
Services (12 ft) (36ft)  (10.8 ft)
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There are several sources of noise associated with drilling operations. These include sounds that
emanate through the drillship’s hull from equipment such as generators, pumps, engines, pipe-handling
equipment, cranes, winches etc., as well as sounds from support vessels performing drilling-rel ated tasks.

To characterize the sound emissions from different aspects of the operations, the following
activities were identified and considered separately in this report:

Drilling pilot hole
Drilling mudline cellar
|ce management
Anchor handling

These activities are collectively referred to as ‘drilling activities throughout this report, even
though ice management and anchor handling do not physically involve drilling—they form part of the
drilling operation. Activity logs from each vessel were maintained throughout operations by Protected
Species Observers (PSOs) onboard the vessel. These logs were used to identify times when drilling
activity occurred.

Data Acquisition
Vessal Sound Source Char acterization

Vessel sound source characterization (SSC) measurements were performed at each prospect site
with three AMARS to capture sound levels as a function of distance and direction from every vessel
working at the prospect. The three AMARs were deployed on a line perpendicular to a 15 km (9.3 mi)
vessel track line—at 0, 500, and 1000 m (0, 1640, and 3280 ft) (Figure 3.3). The vessel operators were
provided with instructions to sail from the start to the end of the track at the vessel’s normal operating
speed. The vessels digitaly logged their GPS location as they transited along the track; these navigation
logs were used to calculate the range between the vessels and the AMARSs. Each vessel completed the
SSC transit under instruction to maintain a separation of 25 km (13.5 nmi) from all other vessels to avoid
noi se contamination in the sound recordings.

< Skm e 10 km =
Start e A. T ® End
500 m
B. 1000 m
PS @ AMAR
C @) Track Line

FIGURE 3.3. AMAR deployment geometry and vessel track line for the vessel SSC.
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Burger-A Prospect, Chukchi Sea

The vessel SSC site for the Chukchi Sea drill program was south-southwest of the Burger-A drill
site (Figure 3.4). The water depths along the SSC vessel track line were similar to those at Burger-A.
Table 3.2 lists AMAR deployment coordinates and vessel track line start and end points. Measurements
were carried out between 7 Aug and 27 Sep 2012; Table 3.3 shows when the sounds were measured from
each vessdl in the Chukchi Sea. In the first deployment, AMAR B failed, so data at the 500 m (1,640 ft)
range were unavail able before the second deployment.

TABLE 3.2. AMAR deployment locations, deployment and retrieval times (UTC), and track line
start and end points for the vessel SSCs from two deployments at the Burger-A prospect in
the Chukchi Sea.

Water

Latitude Longitude Depth (m) Deployed Retrieved

Track line start  70°55.147' N 163°57.834'W — - -

Track line end  70°54.982'N  163°33.174'W - - -
Deployment 1

A 70°55.098' N 163°49.607'W 45.2 07 Aug 22:33 09 Sep 03:19
B 70°55.367' N 163°49.586'W 46 07 Aug 21:57 09 Sep 00:42
C 70°55.635' N 163°49.582'W 46 07 Aug 21:19 08 Sep 23:20
Deployment 2

A 70°55.092' N 163°49.613'W 44.5 16 Sep 03:45 01 Oct 23:10
B 70°55.366' N 163°49.603' W 44.5 16 Sep 03:16 01 Oct 08:10
C 70°55.639' N 163°49.590'W 44.5 16 Sep 02:42 01 Oct 07:24
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TABLE 3.3. Schedule of underwater acoustic measurements for the vessel SSC at the Burger-A prospect

in the Chukchi Sea. Dates and times are given in UTC.

Source Date Start End Transit Speed Wind (kts) Wave Height
(kts) (m)
Affinity 28 Aug 2012  03:46:16 04:40:22 8.8 20w 2
28 Aug 2012 06:14:16 07:09:16 9.0
Aivig (towing 03 Sep 2012 04:16:38 06:41:38 3.4 22 NE 1-2
Kulluk)
Fennica 08 Aug 2012  00:17:49 00:57:49 12.0 20 sSwW 1-1.5
05 Sep 2012  20:09:30 21:10:30 8.0 16 NE
Guardsman 27 Sep 2012  06:07:26 07:06:02 9.4 20 NNW  2.5-3
(towing
Klamath)
Harvey 16 Sep 2012  10:46:09 11:43:22 8.5 10N 2-3
Explorer
Harvey Spirit 04 Sep 2012 03:25:11 04:43:32 6.2 20 ENE 0.5-1
Nanug 22 Aug 2012  06:43:58 07:37:40 9.1 20-25 2
22 Aug 2012  08:28:58 09:13:34 10.8
Noble 01 Sep 2012 21:33:44 22:27:56 9.0 22 NE 1-2
Discoverer
(towed by Tor
Viking I1)
Nordica 10 Aug 2012  05:59:33 06:39:53 12.1 9N 1-2
Tor Viking Il 01 Sep 2012 21:31:21 22:25:32 9.0 22 NE 0.2-0.5

(towing Noble
Discoverer)

Swvullig-N Prospect, Beaufort Sea

The vessel SSC measurements for the Beaufort Sea drill program were collected at three |ocations:
two located west-northwest of Sivullig-N and one 1.5 km (4920 ft) southwest of the Sivullig-N drill site.
The first location, SSC Track Line 1, was selected because it had a similar water depth to the drill site
(Figure 3.5). Six of the measured vessels transited this track. Some of the vessel’s navigational charts
indicated a region of shallow water along the track, so on 1 Oct AMARs were moved to deeper water
(SSC Track Line 2) as a precaution to allow the tanker Affinity to transit the SSC track safely (Figure 3.5).
The Affinity and Pt Oliktok transited the second track. The anchor handler Tor Viking 11 was working at
the prospect site before the vessel SSC AMARSs were deployed so could not transit either Track Line 1 or
Track Line 2. The Tor Viking Il transited athird track line, which passed over asingle AMAR that wasin
place to record noise from anchor handling activities.

The AMAR deployment coordinates, deployment and retrieval times, and the start and end points
of the vessel SSC track lines are listed in Table 3.4. Table 3.5 lists each vessd’s measurement dates and
the track lines they transited.
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TABLE 3.4. AMAR deployment locations, deployment and retrieval times, and track line start and end
points for vessel SSCs from three deployments at the Sivullig-N prospect in the Beaufort Sea. Dates and
times are given in UTC.

Latitude Longitude Water Depth (m)  Deployed Retrieved

Track Line 1

Track line start  70°34.696'N  147°32.911' W

Track line end 70°30.741'N  147°11.807" W

A 70°32.067'N 147°18.829'W 32.8 21 Sep 12:37 01 Oct 02:45
B 70°32.306'N 147°18.430'W 33.8 21 Sep 11:56 01 Oct 05:15
C 70° 32.544'N 147°18.018'W 33.8 21 Sep 11:19 01 Oct 06:09
Track Line 2

Track line start ~ 70°40.614'N  147°33.072' W

Track line end 70°36.659' N  147°11.864' W

A2 70°37.985'N 147°18.912'W 38.3 01 Oct 18:05 04 Oct 23:11
B2 70°38.212'N  147°18.514'W 37.8 01 Oct 18:37 04 Oct 23:54
Cc2 70° 38.445' N 147°18.104'W 38.3 01 Oct 19:06 05 Oct 00:31
Track Line 3

Track line start  70°22.937'N  145°52.571' W

Track line end 70°22.937'N  146°16.611'W

AL 70°22.937'N  146° 00.596'W 34.0 12 Aug 19:29 22 Oct 19:20
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TABLE 3.5. Schedule of underwater acoustic measurements for the vessel SSCs in the Beaufort Sea.
Dates and times are given in UTC.

Date Start Time  End Time ;Laenes(;t (kts) Wind (kts) \(/X]a;ve Height
Track Line 1
Aivig 29 Sep 12 04:19:55 05:14:51 8.8 5-10N 1-2
Arctic Seal 29 Sep 12 00:08:16 01:02:00 9.0 10 SE 1-15
Lauren Foss 29 Sep 12 20:44:47 22:00:09 6.5 10 NE 1-15
Nordica 29 Sep 12 15:20:00 16:24:00 9.0 13 NW 2
Sisuaq 28 Sep 12 21:01:31 21:58:00 8.6 10-15 NW 0.5-1
Warrior 28 Sep 12 17:10:12 18:06:12 8.7 10N 1-2
Track Line 2
Affinity 02 Oct 12 01:48:22 02:42:03 9.0 8w 1
Pt Oliktok 02 Oct 12 21:44:22 22:41:00 8.7 10-15SSE  0.5-1
Track Line 3
Tor Viking Il 23 Aug 12 08:41:42 09:36:18 9.0 10E calm

Noise from Drilling Activities

Four AMARSs, deployed at ranges of 1, 2, 4, and 8 km (3280, 6560, 13,120, and 26,240 ft) from the
drilling site a each prospect, recorded sounds from drilling activities. In addition, an acoustic telemetry
buoy was deployed at Sivullig-N at 500 m (1640 ft) from the drilling site. Also, before the Kulluk's
arrival at the Sivullig-N prospect, an AMAR was deployed at 1500 m (4920 ft) from the drilling site to
measure sounds from anchor laying activities. This AMAR remained in place throughout the drilling,
providing an additional point of measurement at the Sivullig-N prospect.

Burger-A Prospect, Chukchi Sea

The four AMARS deployed to measure noise from drilling activities in the Chukchi Sea were set
along aradial oriented northeast from the Burger-A drill site (Figure 3.6) between Discoverer’s anchors 1
and 7. This orientation of the recorder array relative to the drilling location was selected to provide sound
measurements along the principle axis of bowhead whale migration that might be approaching the
operating rig. Table 3.6 lists the AMAR locations and deployment and retrieval dates. The recording
capacity of the AMARSs was exceeded part way through the drilling program so they were retrieved on 3
Oct (11 Oct for AMAR D) to download data and then re-deployed.
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TABLE 3.6. AMAR deployment locations and deployment and retrieval times for drilling SSC at the Burger-
A prospect in the Chukchi Sea. Dates and times are given in UTC.

g:n%‘a}tg??m) Latitude Longitude \S/:;E: (m) Deployed Retrieved

Deployment 1

A 1 71°18.806'N  163°11.299'W 48.0 03 Aug 05:17 03 Oct 06:57
B 2 71°19.095'N  163°09.893'W 48.5 03 Aug 03:38 03 Oct 08:35
C 4 71°19.677'N  163°07.075'W 48.1 03 Aug 03:03 03 Oct 10:30
D 8 71°20.839'N  163°01.433'W 48.0 03 Aug 00:20 11 Oct 18:55
Deployment 2

A 1 71°18.802' N  163°11.300'W  48.0 03 Oct 07:35 26 Oct 05:50
B 2 71°19.094'N  163°09.896'W  48.0 03 Oct 09:00 26 Oct 04:58
Cc 4 71°19.672'N  163°07.088'W  48.0 03 Oct 10:58 26 Oct 04:12
D 8 71°20.836' N 163°01.414'W 48.0 11 Oct 20:05 26 Oct 03:18

163°10'W 163°0'W

71°20'N

71°18'N

Shell Drill - Burger 2012
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Legend
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APPLIED SCIENCES

FIGURE 3.6. Drill SSC recorder deployment locations relative to Burger-A drill site.
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Swullig-N Prospect, Beaufort Sea

The AMARS deployed to measure noise from drilling activities in the Beaufort Sea were set along
aradial oriented south-west from the Sivullig-N drill site (Figure 3.7) between Kulluk’s anchors 9 and 10.
The telemetry buoy was deployed between anchors 7 and 8. Table 3.7 lists the locations and deployment
and retrieval dates for the AMARSs and the telemetry buoy. The orientation of this array was selected
based upon the anchoring plan to place the array on the side of the rig closest to the power generators.

TABLE 3.7. Deployment locations and deployment and retrieval times for drilling SSC at the Sivullig-N
prospect. Dates and times are given in UTC.

AMAR gﬁ”%eitz%inm) Latitude Longitude \[/)V:gﬁ: (m) Deployed Retrieved

A 1 70°23.124'N 146°00.005'W 33.2 26 Sep 21:05 22 Oct 18:35
AL 1.5 70°22.937'N 146°00.596' W 34.0 17 Aug 19:31 22 Oct 19:15
B 2 70°22.744'N 146°01.194'W 32.5 26 Sep 18:04 22 Oct 20:10
C 4 70°21.991'N 146°03.497'W 31.5 26 Sep 16:43 22 Oct 20:51
D 8 70°20.498' N 146°08.089' W 29.5 26 Sep 15:26 22 Oct 21:57
Buoy 05 70°23.239'N  145°58.684'W 34.0 03 Oct 19:39 21 Oct 20:00*

* The telemetry buoy stopped transmitting on 13 Oct.
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FIGURE 3.7. Drill SSC recorder deployment locations relative to Sivullig-N drill site.

Data Analysis

Acoustic data from the vessedl SSC measurements were analyzed using JASCO's custom
processing software. This software outputs spectral and broadband sound pressure levels (SPLS) versus
range from each sound source in specified time windows. Ranges were calculated from the time-stamped
vessel GPS logs.

Acoustic Metrics

Underwater sound amplitude is measured in decibels (dB) relative to afixed reference pressure (p,)
of 1uPa. Several sound level metrics are commonly used to evaluate the loudness or effects of
underwater noise. The noise sources considered in this report are sources of continuous noise, and
therefore the primary sound level metric of importance is the root-mean-square (rms) sound pressure level
(denoted by Lp). This metric was computed from the measured pressure time series, p(t) according to this
equation:

Lp = 10'°910(%J. p2 (t)dt/ Pfj D
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The rms SPLs were calculated with Hanning-weighted time windows with 50% overlap. A
1-second time window was applied for data from the support vessel SSCs. For data from drilling activities
a 1-minute window length was used to compute rms SPL.

Spectral Analysis

The broadband frequency content of the recorded sounds was characterized in several formats for
this report. Daily spectrogram plots were generated to visually present the distribution of sound energy
with frequency and time. Sounds specific to the defined drilling activities were also characterized in 10-
minute averaged power spectral density plots. Finally, support vessel and drilling source sound levels
were computed in 1/3-octave bands.

The acoustics community has adopted standard 1/3-octave frequencies (more precisely these are
tenth-decade band frequencies) (ISO R 266 and ANSI S1.6-1984) to facilitate comparisons between
studies; the centra frequency of theith standard passband is:

fy=10"°i=123,... 2)
The bandwidth of a single 1/3-octave band is ~23% of the central frequency of the band.

Distances to SPL Thresholds

Ranges to various SPL thresholds were computed for each vessel pass and for each drilling activity
by fitting the SPL datato an empirical propagation loss curve of one of the following forms:

RL =SL — Alog,, R (3)

RL = SL — Alog,, R—aR (4)

where Ris the slant range (m) from the source to the acoustic recorder, RL is the received sound level, SL
is the estimated source level (dB re 1 pPa @ 1 m), A is the geometric spreading loss coefficient, and a is
the absorption loss coefficient. The second equation was used if absorptive losses were present or if
apparent curvature existed in the received level versus log(range) data trend, whereas the first was used if
significant absorptive losses were not observed.

The appropriate equation was fit to the SPL data by using least squares to minimize the difference
between the trend line and the measured level-range samples. Ranges to SPL thresholds between 120 and
190 dB re 1 pPa, in 10 dB increments, were obtained from these fits. To provide a conservative estimate
of the radii, the best-fit line was shifted upwards so that the trend line exceeded 90% of all data. The 90th
percentile and best-fit values for SL and A (and o, when applicable) are shown in the SPL versus range
plot annotations in the following sections.

Source Level Calculations

Source sound levels, defined at a standard reference range of 1m, were derived from
measurements obtained at ranges much greater than 1 m. An adjustment referred to as “ back-propagation”
was used to convert the measured levels to source levels. A common practice is to apply a back-
propagation correction that assumes that sound waves spread away from a source uniformly in all
directions, decaying in proportion to the geometric spreading of the acoustic wavefront. Often a smple
“spherical-spreading loss’ correction factor of 20 times the logarithm of the measurement distance is
applied—expressed 20 log(r) for distance r, in meters. For low frequencies and shallow water conditions,
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where interactions with the surface and bottom strongly influence the sound propagation, the spherical-
spreading loss approximation is generally only valid for measurements taken at close range. Vessel sound
levels were measured at appropriately short ranges that we applied spherical-spreading back-propagation
to derive source levels for each of the support vessels. The closest-range vessel sound data were band-
pass filtered into 1/3-octave frequency bins, and the level of each bin was computed. These levels were
then back-propagated to arange of 1 m.

This approach was not used to estimate source levels for the drilling sounds, however, since the
measurement range of 1 km (3280 ft) invalidated the spherical-spreading |oss assumption. Instead, sound
transmission loss values calculated from a numerical sound propagation model were used to back-
propagate the drilling sound levels. The numerical model fully accounted for both seafloor and water
surface reflections along with the acoustic properties of the water column and of the seafloor. The model
was used to compute sound transmission loss between the source location and a receiver at 1 km
(3280 ft), in 1/3-octave bands.

For frequencies below 2 kHz transmission losses were calculated using the wide-angled parabolic
equation model RAM (Callins, 1993), adapted to account for shear wave loss through a complex density
approximation. Freguencies of 2kHz and greater were modelled using the ray tracing code Bellhop
(Porter and Liu, 1994). In each case, the model input parameters included the geo-acoustic properties of
the sub-bottom, as well as a definition of the bathymetry at the site and of the sound speed in the water
column as a function of depth. The geo-acoustic properties input to the model (Table 3.8 and Table 3.9)
were those from a previous modeling study that considered noise from zero-offset vertical seismic
profiling at Burger and Sivulliq (Warner and Li, 2013). The water depth was assumed to be constant at a
value of 48 m (144 ft) for Burger and 33 m (108 ft) for Sivulliq. Sound speed profiles for the water
column were obtained from temperature and salinity profiles collected at the study sites during the
acoustic monitoring program (Figure 3.8).
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TABLE 3.8 Geo-acoustic parameters input to the numerical model used to back-propagate the received
sound levels from drilling at Burger-A.

Depth  Density Compressional Compressional Wave Shear Wave  Shear Wave
(m) (g/cms) Wave Speed (m/s)  Attenuation (db/ A) Speed (m/s)  Attenuation (dB/ A)
0-20 1.49-1.51 1563-1589 0.1
20-70 1.83-1.89 1701-1763 0.2
113 1.7
70-170 1.99-2.12 1813-1927 0.2
>170 2.12 1927 0.2

TABLE 3.9 Geo-acoustic parameters input to the numerical model used to back-propagate the received
sound levels from drilling at Sivullig-N.

Depth  Density Compressional Compressional Wave Shear Wave  Shear Wave
(m) (g/cms) Wave Speed (m/s)  Attenuation (dB/ A) Speed (m/s)  Attenuation (dB/ A)
0-2 1.6-2.0 1550 0.1-0.3
2-30 2.2-2.4  1674-1702 0.3-0.2
200 2.6
30-200 2.4 1673-1843 0.2
>200 2.4 1843 0.2

Sound Speed (mis)

1440 1445 1450 1455 1460
0

5
10
= 15

E
= 20

E 25
30

35 I
40

45
50

Water

Burger

. S0 LI

FIGURE 3.8 Water column sound speed as a function of water
depth, derived from temperature and salinity profiles measured
at Burger and at Sivullig.
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Results

Results are presented separately for the Burger-A and Sivullig-N prospect sites. For each prospect,
results are first presented for the drilling sounds then for the support vessel SSC measurements.

Plots of hourly SPL versus time show the sound levels measured on al AMARs at each drill site
when the drillships were active. Daily spectrogram plots, with corresponding decade band levels
(Appendix H) show the spectral distribution of sound energy at a finer time scale. A panel above each
spectrogram shows the range between the AMAR and ancillary vessels as a function of time. These plots
illugtrate that fluctuations in the received sound levels often corresponded with the approach and
departure of support vessels relative to the AMARS. The spectrogram annotations highlight particular
drilling activities and times when a vessel was within 5 km (16,400 ft) of the AMAR. Average SPLswere
computed for the times that related to particular drilling activities and, from these data, ranges to sound
thresholds between 190 and 120 dB re 1 pPawere computed for each activity. Source levels for each drill
rig were computed for times when drilling occurred without the presence of nearby support vessels.

Support vessel SSC results are presented in plots of SPL versus range as well as in tables of ranges
to sound thresholds between 190 and 120 dB re 1 yPa. 1/3-octave band source level plots are also
provided for each support vessel.

Burger-A Prospect Site, Chukchi Sea

Noble Discoverer Drilling Activities

The drillship Noble Discoverer moved into the Burger-A prospect area and began mooring on
7 Sep. Mooring was complete on 9 Sep, and then drilling an 8.5in pilot hole commenced. Soon after, a
field of ice encroached upon the prospect site. From 11 to 21 Sep the Tor Viking 11, Fennica, and Nordica
monitored and managed the ice at Burger-A drill site, meaning they maneuvered slowly through the ice
field pushing on ice floes to keep them clear from Noble Discoverer’s anchor buoys. On 10 Sep, the
Noble Discoverer departed the site to avoid damage. The Tor Viking Il and the Fennica remained at the
prospect site to manage ice and to protect the mooring anchor buoys. Sound levels generated by the Tor
Viking Il during part of this period were processed to characterize the noise from ice management. Once
the ice cleared the prospect on 21 Sep, the Noble Discoverer returned to its position to resume drilling.
Between 23 Sep and 28 Oct, the following activities took place: drilling 8.5 in pilot hole, drilling 17.5in
hole, drilling 36in hole, drilling mudline cellar (MLC), drilling 26in hole, installing well casings,
cementing well casings, and capping the well. The daily spectrogram plots in Appendix H contain
annotations that indicate the received sound levels when these activities took place.

Figure 3.8 through Figure 3.15 show hourly SPL values (broadband and decade band) for two
deployments of the four AMARSs at 1, 2, 4, and 8 km (3280, 6560, 13,120, and 26,240 ft) from the
Burger-A drill site. The deployments cover the period from 6 Sep to 27 Oct. The spectral distribution
shows that the sound energy was concentrated in the decade band from 100-1000 Hz. To some extent,
fluctuations in the levels in the 10-100 Hz band track the presence and absence of ancillary vessels. The
levelsin this band are close to the broadband value when vessels are near the AMAR (e.g., the peak on 17
Sep in Figure 3.8) but are lower than the broadband value when ancillary vessels are absent (e.g., 1-4 Oct
in Figure 3.8).

The recelved SPLs were greatest when other vessels (most often the Tor Viking 1) were
performing duties within 5km (16,400 ft) of the AMARSs. This can be discerned more clearly in the
spectrogram plots in Appendix H. Elevated sound levels, with SPLs around 140 dB re1 pPa at 1 km
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(3280 ft), were aso measured during the drilling of the MLC between 1 and 5 Oct. There were no
ancillary vessels within 10 km of the AMARSs at that time; the increased sound levels were attributed to
MLC drilling. With the exception of the MLC drilling, received SPLs did not exceed 130 dB re 1 pPa
unless avessel was within 5 km (16,400 ft) of an AMAR.
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FIGURE 3.9. Hourly SPLs from the first AMAR deployment (6 Sep to 9 Oct 2012 UTC) at 1 km
(3280 ft) from the Burger-A drill site.
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FIGURE 3.10. Hourly SPLs from the second AMAR deployment (3—27 Oct 2012 UTC) at 1 km
(3280 ft) from the Burger-A drill site.
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FIGURE 3.11. Hourly SPLs from the first AMAR deployment (6 Sep to 9 Oct 2012 UTC) at

2 km (6560 ft) from the Burger-A drill site. Recordings stopped on 30 Sep.
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FIGURE 3.12. Hourly SPLs from the second AMAR deployment (3—27 Oct 2012 UTC) at 2 km

(6560 ft) from the Burger-A drill site.
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FIGURE 3.13. Hourly SPLs from the first AMAR deployment (6 Sep to 9 Oct 2012 UTC) at

4 km (13,120 ft) from the Burger-A drill site.
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FIGURE 3.14. Hourly SPLs from the second AMAR deployment (3—27 Oct 2012 UTC) at 4 km
(13,120 ft) from the Burger-A drill site.
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FIGURE 3.15. Hourly SPLs from the first AMAR deployment (6 Sep to 9 Oct 2012 UTC) at
8 km (26,240 ft) from the Burger-A drill site.
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FIGURE 3.16. Hourly SPLs from the second AMAR deployment (11-27 Oct 2012 UTC) at
8 km (26,240 ft) from the Burger-A drill site.
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Table 3.8 lists the periods chosen to represent some of the drilling activities based on entries in the
PSO activity logs. Since support vessels working near the AMARs emanated sounds that often masked
recordings of the drilling sounds, vessel GPS logs (also provided by the PSOs) were used to identify
times at which the sound recordings were the least affected by nearby vessels. As much as possible,
analysis times were chosen so ancillary vessels were separated from the AMARs by at least 5km
(16,400 ft). However, the Tor Viking Il was often close to the AMARSs from 24-26 Sep when the pilot
holes were being drilled; as such, sound levels received during these times were dominated by noise from
the Tor Viking Il. These measured sound levels were considered as a combined signature of the support
vessel and drilling noise.

For each of the chosen activities, the rms SPLs from each AMAR were averaged over the duration
of the activity. These values were plotted versus distance and used to estimate sound-level-threshold
ranges (Figure 3.18 through Figure 3.21, Table 3.9). Note that at the times considered for composite
drilling and support vessel activities the Tor Viking Il was moving. As a result, the measured data from
those times do not follow the expected trend of sound decay for a stationary source so the data-fit used to
extract sound level threshold ranges may be biased. In particular, the resulting radii to 120 dB for these
activities are extrapolations beyond the maximum measurement range, which likely overestimate the true
ranges.

TABLE 3.10. Periods selected as representative of drilling activities at Burger-A.

Activity Analysis Period (UTC) Note

Drilling 8.5 pilot hole with Tor 05:20 Sep 24-13:30 Sep 24 Drilling noise masked by noise
Viking Il nearby from Tor Viking Il

Drilling 17.5" pilot hole with Tor 16:00 Sep 25-02:00 Sep 26 Drilling noise masked by noise
Viking Il nearby from Tor Viking Il

Drilling 36" pilot hole with Tor 21:20 Sep 26—-22:17 Sep 26 Drilling noise masked by noise
Viking Il nearby from Tor Viking .

Drilling 26" hole 09:00 Oct 17-03:00 Oct 18

07:00 Oct 18-18:40 Oct 18
07:30 Oct 19-10:00 Oct 19

Drilling Mudline cellar 11:50 Oct 2-18:00 Oct 2
20:10 Oct 2-01:00 Oct 3
02:00 Oct 3—04:00 Oct 3
Ice Management 18:50 Sep 13-19:10 Sep 13 Tor Viking 1l performing ice

management to protect anchor
buoys
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FIGURE 3.17. Average SPL versus range while the Noble Discoverer was drilling at Burger-A
drill site with the Tor Viking Il operating nearby; (a) 8.5 in pilot hole on 24 Sep (b) 17.5 in pilot
hole on 25 Sep.
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FIGURE 3.18. Average SPL versus range while the Noble Discoverer was drilling a 36 in pilot
hole at Burger-A drill site with the Tor Viking Il operating nearby on 26 Sep.
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FIGURE 3.20. Average SPL versus range while the Tor Viking I
was managing ice at the Burger-A drill site from 18:50 to 19:10
on 13 Sep.

TABLE 3.11. Radii to sound levels between 190 and 120 dB re 1 pPa for several drilling activities. Based
on a linear fit to average sound levels recorded at four ranges at the Burger-A prospect in the Chukchi
Sea.

Drilling with Tor Viking Il Nearby No Vessels Nearby

8.5hin pilot  17.5in pilot 36 in pilot 26 in hole MLC Ice Management
ms SPL ole hole hole
(dBre 1 pPa) Range (m) Range (m) Range (m) Range (m) Range (m) Range (m)
190 <10 <10 <10 <10 <10 <10
180 <10 <10 <10 <10 20 <10
170 <10 <10 <10 <10 40 20
160 22 <10 30 <10 130 60
150 110 45 160 30 350 200
140 530 270 860 100 1000 730
130 2600 1700 4600 390 2800 2600
120 13,000* 10,000* 25,000* 1500 8100 9600*

* Extrapolated beyond measurement range.

Recordings of drilling noise, free from noise of nearby vessels, were measured while the Noble
Discoverer drilled the 26 in hole and the MLC. Spectral density plots were generated from a 10-minute
sample of noise from each of these activities. Distinct tones are apparent in the spectra for 26 in hole
drilling (Figure 3.16), which indicates that the noise arose from machinery vibrations on the Noble
Discoverer. These sounds radiated through the hull into the water. Because the high frequency tones
(>1 kHz) decay with range and experience strong absorption in the water column, they are not evident in
the recordings at 8 km. The spectrum for MLC drilling (Figure 3.17) did not have this same tona
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structure. This likely indicates that the noise from mudline cellar drilling is predominantly from sounds of
physical grinding of the large MLC bit into the seafloor. The broadband sounds from the MLC drilling
obscure the tones emitted by the drillship. At frequencies greater than approximately 300 Hz, the received
levels from drilling the 26 in hole were generally lower than those received during MLC drilling.
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FIGURE 3.21. Power spectral density for drilling a 26 in hole at the Burger-A drill
site on 18 Oct as received on AMARSs at four ranges.
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FIGURE 3.22. Power spectral density for MLC drilling at the Burger-A drill site
on 2 Oct as received on AMARSs at three ranges.

A broadband (10 Hz—32 kHz) source level of 181 dB was calculated for the Noble Discoverer
based on the measurements for drilling of the 26in hole. Figure 3.23 is a plot of the 1/3-octave band
source level distribution for this activity.
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FIGURE 3.23 1/3-octave band source level for the Noble Discoverer,drilling a
26 in hole at the Burger-A drill site.

Support Vessels
Affinity

Figure 3.22 shows vessel sound levels as a function of range as measured on the recorders at 0 and
1000 m (0 and 3280 ft) from the vessel SSC track line in the Chukchi Sea. The Affinity completed two
transits along the SSC track line at two different speeds; results from both transits are shown. Table 3.10
lists the ranges to SPL thresholds between 190 and 120 dB re 1 puPa based on the 90th-percentile and the
best-fit lines to these data. Mean 1/3-octave band source levels were calculated from 10 s of data centered
on the CPA (Figure 3.23).
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FIGURE 3.24. Vessel SPL (rms) from AMAR A and AMAR C for the Affinity transiting at (a)
8.8 kts and (b) 9.0 kts in the Chukchi sea. The higher levels represent the aft direction from
the vessel.
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TABLE 3.12. Measured radii for the Affinity in the Chukchi Sea, as determined from fits to rms
SPL versus range data.

rms SPL Transiting at 8.8 kts Transiting at 9.0 kts
(dBre Best-Fit Line  90th Percentile  Best-Fit Line  90th Percentile
1 pPa) Radius (m) Radius (m) Radius (m) Radius (m)
190 0 0 0 0

180 0 0 0 0

170 0 0 0 0
160* <10 <10 <10 <10
150* <10 11 <10 <10
140* 36 53 29 44
130 180 270 160 250
120 900 1300 930 1400

* Ranges are underestimated by trend lines.
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FIGURE 3.25. 1/3-octave band source levels for the Affinity from
data measured in the Chukchi Sea.

Aivig (towing the Kulluk)

Figure 3.24 shows vessel sound levels as a function of range as measured on the recorders at 0 and
1000 m (0 and 3280 ft) from the vessel SSC track line in the Chukchi Sea. Because SPLs measured at
ranges less than 250 m (820 ft) saturated AMAR A, these SPLS are underestimated; however, this
minimally affected the calculated threshold radii. Table 3.11 lists the ranges to SPL thresholds between
190 and 120 dB re 1 pPa based on the 90th-percentile and the best-fit lines to these data. As mentioned,
the data at CPA from this measurement were not reliable due to hydrophone saturation. In this case,
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1/3-octave band source levels were calculated from the data recorded at 250 m (820 ft) fore and aft. First,
these data were back-propagated to a synthetic CPA of 38 m (125 ft) using the per-band propagation loss
observed over this distance for the Fennica, a vessel with similar size and draft. The synthetic CPA was
chosen to match the measured CPA for the Fennica. These synthetic CPA levels were then back-
propagated to 1 m range assuming spherical spreading as for the other vessels. The resulting 1/3-octave

band source levels are shown in Figure 3.25.
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FIGURE 3.26. Vessel SPLs (rms) from AMAR A and AMAR C for the Aivig
transiting at 3.4 kts in the Chukchi Sea while towing the Kulluk. The higher

levels represent the aft direction from the vessel.

TABLE 3.13. Measured radii for the Aiviqg transiting at 3.4 kts in the Chukchi Sea
while it was towing the Kulluk, as determined from the rms SPL versus range

data.

rms SPL (dB re 1 uPa) | Best-Fit Line Radius (m) 90th Percentile Radius (m)
190 <10 <10

180 <10 <10

170 19 30

160 68 110

150 250 400

140 900 1400

130 3300 5200

120 12000 19000
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FIGURE 3.27. 1/3-octave band source levels for the Aivig, towing
the Kulluk, from data measured in the Chukchi Sea. Source
levels computed from measurements at 250 m (820 ft) in both
the fore and aft directions are shown, as is the average.

Fennica

Figure 3.26 shows vessel sound levels as a function of range as measured on the recorders at 0 and
1000 m (0 and 3280 ft) from the vessel SSC track line in the Chukchi Sea. Table 3.12 lists the ranges to
SPL thresholds between 190 and 120 dB re 1 pPa based on the 90th-percentile and the best-fit lines to
these data. Mean 1/3-octave band source levels were calculated from 10 s of data centered on the CPA
(Figure 3.27).
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FIGURE 3.28. Vessel SPLs (rms) from AMAR A and AMAR C for the Fennica
transiting at (a) 8.0 kts and (b) 12.0 kts in the Chukchi Sea. The higher levels
represent the aft direction from the vessel. The increased levels at ranges
greater than 1 km are data from AMAR C.
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TABLE 3.14. Measured radii for the Fennica, as determined from the rms SPL versus
range data from the Chukchi Sea.

Transiting at 8.8 kts Transiting at 9.0 kts

rms SPL — - — -
(dB re 1 pPa) Best-Fit Line ~ 90th Percentile  Best-Fit Line  90th Percentile

Radius (m) Radius (m) Radius (m) Radius (m)
190 0 0 0 <10
180 <10 <10 <10 <10
170 <10 <10 <10 <10
160* <10 11 14 26
150* 26 39 52 97
140* 97 150 190 360
130 360 540 710 1300
120 1300 2000 2700 5000
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FIGURE 3.29. 1/3-octave band source levels for the Fennica
from data measured in the Chukchi Sea.

Guardsman (towing the Klamath)

Figure 3.28 shows vessel sound levels as a function of range as measured on each AMAR. Table
3.13 lists the ranges to SPL thresholds between 190 and 120 dB re 1 pPa based on the 90th-percentile and
the best-fit lines to these data. Mean 1/3-octave band source levels were calculated from 10 s of data
centered on the CPA (Figure 3.29).
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FIGURE 3.30. Vessel SPLs (rms) from each AMAR for the
Guardsman, which is towing the Klamath at 9.4 kts in the
Chukchi Sea. The higher levels at ranges less than 500 m
represent the aft direction from the vessel. The increased levels
at ranges greater than 500 m are data in the broadside
direction.

TABLE 3.15. Measured radii for the Guardsman, as determined from the rms SPL versus

range data from the Chukchi Sea.

rms SPL Threshold (dB re 1 pPa)

Best-Fit Line Radius (m) 90th Percentile Radius (m)

190
180
170
160
150
140
130
120

<10
<10
17
49
140
400
1100
3300

<10
<10
25
70
200
580
1700
4700
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FIGURE 3.31. 1/3-octave band source levels for the Guardsman
from data measured in the Chukchi Sea.

Harvey Explorer

Figure 3.30 shows vessel sound levels as a function of range as measured on each AMAR.
Table3.14 lists the ranges to SPL thresholds between 190 and 120dB re 1 pPa based on the
90th-percentile and the best-fit lines to these data. Mean 1/3-octave band source levels were calculated
from 10 s of data centered on the CPA (Figure 3.31).
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FIGURE 3.32. Vessel SPLs (rms) from each AMAR for the
Harvey Explorer transiting at 8.5 kts in the Chukchi Sea. The
higher levels at ranges less than 500 m represent the aft
direction from the vessel. The increased levels at ranges
greater than 500 m are data in the broadside direction.
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TABLE 3.16. Measured radii for the Harvey Explorer, as determined from the rms SPL versus
range data from the Chukchi Sea.

rms SPL Threshold (dB re 1 uPa) Best-Fit Line Radius (m) 90th Percentile Radius (m)

190
180
170
160
150
140
130
120

0
<10
<10

12
40
140
450
1500

0
<10
<10

16
54
180
610
2000

Harvey Spirit
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FIGURE 3.33. 1/3-octave band source levels for the Harvey
Explorer from data measured in the Chukchi Sea.

3-35

Figure 3.32 shows vessel sound levels as a function of range as measured on the recorders at 0 and
1000 m (0 and 3280 ft) from the vessel SSC track line in the Chukchi Sea. Table 3.15 lists the ranges to
SPL thresholds between 190 and 120 dB re 1 pPa based on the 90th-percentile and the best-fit lines to
these data. Mean 1/3-octave band source levels were calculated from 10 s of data centered on the CPA

(Figure 3.33).
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FIGURE 3.34. Vessel SPL (rms) from AMAR A and AMAR C for
the Harvey Spirit transiting at 6.2 kts in the Chukchi Sea. The
higher levels represent the aft direction from the vessel. The
increased levels at ranges greater than 1 km are data from
AMAR C.

TABLE 3.17. Measured radii for the Harvey Spirit, as determined from the rms SPL versus
range data from the Chukchi Sea.

rms SPL Threshold (dB re 1 pPa)

Best-Fit Line Radius (m) 90th Percentile Radius (m)

190
180
170
160
150
140
130
120

0
0
<10
<10
19°
88
410
1900

0
0
<10
<10
26"
120
560
2600

* Ranges are underestimated by trend lines.
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FIGURE 3.35. 1/3-octave band source levels for the Harvey Spirit
from data measured in the Chukchi Sea.

Nanug

Figure 3.34 shows vessel sound levels as a function of range as measured on the recorders at 0 and
1000 m (0 and 3280 ft) from the vessel SSC track line in the Chukchi Sea. The Nanug completed two
passes along the SSC track at two different speeds; results from both transits are shown. Table 3.16 lists
the ranges to SPL thresholds between 190 and 120 dB re 1 pPa based on the 90th-percentile and the best-
fit lines to these data. Mean 1/3-octave band source levels were calculated from 10 s of data centered on
the CPA (Figure 3.35).
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FIGURE 3.36. Vessel SPLs (rms) from AMAR A and AMAR C for the Nanuq transiting at (a)
9.1 kts and (b) 10.8 kts in the Chukchi Sea.
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TABLE 3.18. Measured radii for the Nanug, as determined from the rms SPL versus
range data from the Chukchi Sea.

Transiting at 9.1 kts Transiting at 10.8 kts
rms SPL — - — :
(dB re 1 pPa) Best-Fit Line ~ 90th Percentile  Best-Fit Line  90th Percentile

Radius (m) Radius (m) Radius (m) Radius (m)

190 <10 <10 <10 <10
180 <10 <10 <10 <10
170 <10 13 14 18

160 31 42 45 60

150 100 140 150 200
140 340 460 480 640
130 1100 1500 1600 2100
120 3800 5200 5200 6900
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FIGURE 3.37. 1/3-octave band source levels for the Nanuq from
data measured in the Chukchi Sea.

Noble Discoverer (towed by Tor Viking I1)

Figure 3.36 shows vessal sound levels as a function of range as measured on AMAR A at ranges up
to 100 m. Data beyond 100 m were dominated by sound from the Tor Viking II, and are thus not included
in the plot. Table 3.17 lists the ranges to SPL thresholds between 190 and 120 dB re 1 pPa based on the
90th-percentile and the best-fit lines to these data. Mean 1/3-octave band source levels were calculated
from 10 s of data centered on the CPA (Figure 3.37).
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FIGURE 3.38. Vessel SPLs (rms) from AMAR A for the Noble
Discoverer transiting at 9.0 kts while being towed by the Tor
Viking Il in the Chukchi Sea. The higher levels represent the aft
direction from the vessel.

TABLE 3.19. Measured radii for the Noble Discoverer transiting at 9.0 kts while being towed by
the Tor Viking Il, as determined from the rms SPL versus range data from the Chukchi Sea.

rms SPL Threshold (dB re 1 pPa) | Best-Fit Line Radius (m) 90th Percentile Radius (m)
190 0 0

180 0 0

170 <10 <10

160 <10 <10

150 <10 11

140 35 45

130* 140 180

120* 580 740

* Extrapolated beyond measurement range.
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FIGURE 3.39. 1/3-octave band source levels for the Noble
Discoverer from data measured in the Chukchi Sea.

Nordica

Figure 3.38 shows vessel sound levels as a function of range as measured on the recorders at 0 and
1000 m (0 and 3280 ft) from the vessel SSC track line in the Chukchi Sea. Table 3.18 lists the ranges to
SPL thresholds between 190 and 120 dB re 1 pPa based on the 90th-percentile and the best-fit lines to
these data. Mean 1/3-octave band source levels were calculated from 10 s of data centered on the CPA
(Figure 3.39).
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FIGURE 3.40. Vessel SPLs (rms) from AMAR A and AMAR C for
the Nordica transiting at 12.1 kts in the Chukchi Sea. The
higher levels represent the aft direction from the vessel. The
increased levels at ranges greater than 1 km are data from
AMAR C.
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TABLE 3.20. Measured radii for the Nordica, as determined from the rms SPL versus range

data from the Chukchi Sea.

rms SPL Threshold (dB re 1 pPa)

Best-Fit Line Radius (m) 90th Percentile Radius (m)

190
180
170
160
150
140
130
120

<10
<10
<10
24
80
260
860
2800

<10
<10
10
40
130
430
1400
4600
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FIGURE 3.41. 1/3-octave band source levels for the Nordica from
data measured in the Chukchi Sea.

Tor Viking Il (towing the Noble Discoverer)

341

Figure 3.40 shows vessel sound levels as a function of range as measured on the recorders at O m
(O ft) and 1000 m (3280 ft) from the vessel SSC track line in the Chukchi Sea. Table 3.19 lists the ranges
to SPL thresholds between 190 and 120 dB re 1 pPa based on the 90th-percentile and the best-fit lines to
these data. Mean 1/3-octave band source levels were calculated from 10 s of data centered on the CPA

(Figure 3.41).
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TABLE 3.21. Measured radii for the Tor Viking Il transiting at 9.0 kts while it was towing the
Noble Discoverer, as determined from the rms SPL versus range data from the Chukchi Sea.

rms SPL Threshold (dB re 1 pPa) | Best-Fit Line Radius (m) 90th Percentile Radius (m)
190 0 <10

180 <10 <10

170 <10 <10

160 19 25

150 73 92

140 270 340

130 1000 1300

120 3800 4800
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FIGURE 3.43. 1/3-octave band source levels for the Tor Viking Il
from data measured in the Chukchi Sea.

Sivullig-N Prospect Site, Beaufort Sea
Kulluk Drilling Activities

The mooring anchors for the Kulluk were deployed by the Aiviq and the Tor Viking Il from 18-22
Aug. An AMAR deployed at 1.5 km (4920 ft) from the drill site recorded sounds from these activities.
Daily spectrogram plots for this period are shown in Appendix H. The Kulluk moved onto the Sivullig-N
drill site on 25 Sept and commenced drilling the pilot hole on 3 Oct. MLC drilling began on 14 Oct,
continued through 18 Oct, then occurred again from 22-23 Oct, at which time the AMARs were
retrieved. Daily spectrogram plots in Appendix H show the sound levels recorded from 3-23 Oct,
annotated to indicate drilling activities and the presence of ancillary vessels (within 5 km (16,400 ft) of
the AMARS).

Figure 3.42 through Figure 3.46 show hourly SPL values (broadband and decade band) from 3—
23 Oct for the five AMARs at 1, 1.5, 2, 4, and 8 km (3280, 4920, 6560, 13,120, and 26,240 ft) from the
Sivullig-N drill site. Elevated SPLs from 3—4 Oct are attributed to vessel noise from the Nordica, Ssuag,
and Aiviq (refer to the daily spectrogram plots in Appendix H for annotations relating vessel presence to
received levels). However, elevated received levels aso occurred during MLC drilling (14-18 Oct and
22 Oct) when there were no ancillary vessels near the AMARS.
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FIGURE 3.44. Hourly SPLs during drilling activities at Sivullig-N, 3-23 Oct 2012 UTC, at 1 km
(3280 ft) from the drill site.
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FIGURE 3.45. Hourly SPLs during drilling activities at Sivullig-N, 3-23 Oct 2012 UTC, at 1.5 km
(4920 ft) from the drill site.
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FIGURE 3.46. Hourly SPLs during drilling activities at Sivullig-N, 3-23 Oct 2012 UTC, at 2 km
(6560 ft) from the drill site.
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FIGURE 3.47. Hourly SPLs during drilling activities at Sivullig-N, 3-23 Oct 2012 UTC, at 4 km
(13,120 ft) from the drill site.
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FIGURE 3.48. Hourly SPLs during drilling activities at Sivullig-N, 3—23 Oct 2012 UTC, at 8 km
(26,240 ft) from the drill site. Data from 6-19 Oct were recorded on channel 2 due to a
problem with channel 1 at those times. The remaining data came from channel 1.

Vessel GPS logs (provided by the PSOs) and PSO effort logs were used to identify representative
periods for drilling activities at Sivullig-N (Table 3.20). The rms SPLs from each AMAR were averaged
over the duration of each identified activity and were plotted versus range (Figure 3.49) to estimate sound
level threshold ranges (Table 3.21).

Sound levels recorded while the Tor Viking 11 deployed the Kulluk mooring anchor 10 were
selected to represent the SPL associated with anchor laying activities. The average SPL received during
this activity was 143 dB re 1 pPa at an average range of 860 m (2820 ft). Since there was only a single
measurement range for this activity, distances to sound level thresholds were estimated assuming
spreading losses of 15log(range) and 20log(range). The true sound threshold ranges would have likely
fallen between these two estimates.

TABLE 3.22. Periods selected as representative of drilling activities at Sivullig-N.

Activity Analysis Period (UTC)

Drilling pilot hole 03:30-05:00 Oct 4
19:30-21:00 Oct 4
01:00-03:30 Oct 5

Drilling mudline cellar 09:00 Oct 15-14:30 Oct 15
15:30 Oct 15-01:30 Oct 16
02:30 Oct 16—04:30 Oct 16
05:00 Oct 16-14:30 Oct 16
20:00 Oct 16-16:30 Oct 17
17:30 Oct 17-07:00 Oct 18
Tor Viking Il setting Kulluk anchor 10, 13:00 Aug 22-18:00 Aug 22
measured at approx. 860m range
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FIGURE 3.49. Average SPL versus range while the Kulluk was drilling at Sivullig-N drill site; (a) pilot hole
from 4-5 Oct (b) mudline cellar from 15-18 Oct.

TABLE 3.23. Radii to sound levels between 190 and 120 dB re 1pPa for several drilling activities. Based
on a linear fit to average sound levels recorded at four ranges at the Sivullig-N prospect in the Beaufort
Sea.

Laying anchor #10 Laying anchor #10

rms SPL Pilot hole Mudline cellar 15log(range) 20log(range)
(dB re 1 pPa) Radius (m) Radius (m) spreading loss spreading loss
Radius (m) Radius (m)
190 < 10 <10 <10 <10
180 <10 20 <10 12
170 <10 60 14 38
160 <10 140 63 120
150 <10 360 290 380
140 30 930 1400 1200
130 150 2390 6300 3800
120 660 6200 29,000 12,000

Figure 3.47 and Figure 3.48 are spectral density plots for 10-minute samples of noise from the
Kulluk during pilot hole drilling and MLC drilling, respectively. The tonal structure is more evident for
pilot hole drilling compared to MLC drilling. As explained above, this is due to the different mechanisms
of sound generation for the two activities. The received levels are also lower during pilot hole drilling,
particularly for frequencies between approximately 300 Hz and 10 kHz. The strong decay of the high
frequency tones (> 1 kHz) is again noted, as for the Burger-A results above, due to absorption in the water
column.
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FIGURE 3.50. Power spectral density for drilling a pilot hole at the Sivullig-N drill site on 5 Oct
as received on AMARs at five ranges.
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FIGURE 3.51. Power spectral density for drilling a pilot hole at the Sivullig-N drill site on 15 Oct
as received on AMARs at five ranges.

A broadband (10 Hz—32 kHz) source level of 172 dB was calculated for the Kulluk based on the
measurements for drilling of the pilot hole. Figure 3.52 is a plot of the 1/3-octave band source level
distribution for this activity.
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FIGURE 3.52 1/3-octave band source level for the Kulluk,drilling a pilot hole at
the Sivullig-N drill site.

Support Vessels
Affinity

Figure 3.50 shows vessel sound levels as a function of range as measured on each AMAR.
Table3.22 lists the ranges to SPL thresholds between 190 and 120dB re 1 puPa based on the

90th-percentile and the best-fit lines to these data. Mean 1/3-octave band source levels were calculated
from 10 s of data centered on the CPA (Figure 3.51).
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FIGURE 3.53. Vessel SPLs (rms) from AMAR A, B, and C for the
Affinity transiting at 9.0 kts in the Beaufort Sea. The higher
levels represent the aft direction from the vessel.

TABLE 3.24. Measured radii for the Affinity transiting at 9.0 kts, as determined from the rms
SPL versus range data from the Beaufort Sea.

rms SPL Threshold (dB re 1 uPa) Best-Fit Line Radius (m) 90th Percentile Radius (m)

190
180
170
160
150
140
130
120

0 0

0 <10
<10 <10
<10 <10

24 40
100 170
420 720
1800 3000
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FIGURE 3.54. 1/3-octave band source levels for the Affinity from
data measured in the Beaufort Sea.

Aivig

Figure 3.52 shows vessel sound levels as a function of range as measured on each AMAR.
Table3.23 lists the ranges to SPL thresholds between 190 and 120dB re 1 pPa based on the
90th-percentile and the best-fit lines to these data. Mean 1/3-octave band source levels were calculated
from 10 s of data centered on the CPA (Figure 3.53).
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FIGURE 3.55. Vessel SPLs (rms) from AMARs A, B, and C for
the Aiviq transiting at 8.8 kts in the Beaufort Sea. The higher
levels represent the aft direction from the vessel.
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TABLE 3.25. Measured radii for the Aiviq transiting at 8.8 kts, as determined from the rms SPL
versus range data from the Beaufort Sea.

rms SPL Threshold (dB re 1 uPa) Best-Fit Line Radius (m) 90th Percentile Radius (m)

190 0 0
180 <10 <10
170 <10 10
160 44 67
150 280 420
140 1400 2000
130 4600 5500
120 9500 11,000
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FIGURE 3.56. 1/3-octave band source levels for the Aiviq from
data measured in the Beaufort Sea.

Arctic Seal

Figure 3.54 shows vessel sound levels as a function of range as measured on each AMAR.
Table3.24 lists the ranges to SPL thresholds between 190 and 120dB re 1 puPa based on the
90th-percentile and the best-fit lines to these data. Mean 1/3-octave band source levels were calculated
from 10 s of data centered on the CPA (Figure 3.55).
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FIGURE 3.57. Vessel SPLs (rms) from AMAR A, B, and C for the
Arctic Seal transiting at 9 kts in the Beaufort Sea.

TABLE 3.26. Measured radii for the Arctic Seal transiting at 9 kts, as determined from the rms
SPL versus range data from the Beaufort Sea.

rms SPL Threshold (dB re 1 uPa) Best-Fit Line Radius (m) 90th Percentile Radius (m)

190
180
170
160
150
140
130
120

0
0
0
<10
<10
13
67
350

0
0
0
<10
<10
19
98
510

3-53
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FIGURE 3.58. 1/3-octave band source levels for the Arctic Seal
from data measured in the Beaufort Sea.

Lauren Foss (towing the Tuuq)

Figure 3.56 shows vessel sound levels as a function of range as measured on each AMAR.
Table3.25 lists the ranges to SPL thresholds between 190 and 120dB re 1 pPa based on the
90th-percentile and the best-fit lines to these data. Mean 1/3-octave band source levels were calculated
from 10 s of data centered on the CPA (Figure 3.57).
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FIGURE 3.59. Vessel SPLs (rms) from AMAR A, B, and C for the
Lauren Foss transiting at 6.5 kts in the Beaufort Sea while it
was towing the Tuug.
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TABLE 3.27. Measured radii for the Lauren Foss transiting at 6.5 kts while it was towing the Tuugq,
as determined from the rms SPL versus range data from the Beaufort Sea.

rms SPL Threshold (dB re 1 pPa) Best-Fit Line Radius (m) 90th Percentile Radius m (42 ft)

190 0 0

180 0 <10
170 <10 <10
160 <10 <10
150 22 28

140 84 100
130 320 400
120 1200 1500
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FIGURE 3.60. 1/3-octave band source levels for the Lauren Foss
from data measured in the Beaufort Sea.

Nordica

Figure 3.58 shows vessel sound levels as a function of range as measured on each AMAR.
Table3.26 lists the ranges to SPL thresholds between 190 and 120dB re 1 puPa based on the
90th-percentile and the best-fit lines to these data. Mean 1/3-octave band source levels were calculated
from 10 s of data centered on the CPA (Figure 3.59).
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TABLE 3.28. Measured radii for the Nordica transiting at 9 kts, as determined from the rms

SPL (dB re 1 uPa)
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FIGURE 3.61. Vessel SPLs (rms) from AMAR A and C for the
Nordica transiting at 9 kts in the Beaufort Sea. The sound levels
are slightly higher on the vessel approach.

SPL versus range data from the Beaufort Sea.

rms SPL Threshold (dB re 1 uPa) Best-Fit Line Radius (m) 90th Percentile Radius (m)

190
180
170
160
150
140
130
120

0
<10
<10

15
54
200
710
2600

<10
<10
<10
24
86
310
1100
4200
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FIGURE 3.62. 1/3-octave band source levels for the Nordica from
data measured in the Beaufort Sea.

Pt Oliktok

Figure 3.60 shows vessel sound levels as a function of range as measured on each AMAR.
Table3.27 lists the ranges to SPL thresholds between 190 and 120dB re 1 pPa based on the
90th-percentile and the best-fit lines to these data. Mean 1/3-octave band source levels were calculated
from 10 s of data centered on the CPA (Figure 3.61).
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FIGURE 3.63. Vessel SPLs (rms) from AMAR A, B, and C for the
Pt Oliktok transiting at 8.7 kts in the Beaufort Sea.
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TABLE 3.29. Measured radii for the Pt Oliktok transiting at 8.7 kts, as determined from the rms
SPL versus range data from the Beaufort Sea.

rms SPL Threshold (dB re 1 uPa) Best-Fit Line Radius (m) 90th Percentile Radius (m)

190 0 0
180 0 <10
170 <10 <10
160 <10 <10
150 14 19
140 47 64
130 160 210
120 610 830

200

180

160

140

120

1/3-Octave-Band SEL (dB re 1 uPa™s @1m)

Frequency (Hz)

FIGURE 3.64. 1/3-octave band source levels for the Pt Oliktok
from data measured in the Beaufort Sea.

Sisuaq

Figure 3.62 shows vessel sound levels as afunction of range as measured on each AMAR.
Table 3.28 lists the ranges to SPL thresholds between 190 and 120 dB re 1 pPa based on the
90th-percentile and the best-fit lines to these data. Mean 1/3-octave band source level s were calcul ated
from 10 s of data centered on the CPA (Figure 3.63).
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FIGURE 3.65. Vessel SPLs (rms) from AMAR A, B, and C for the Sisuaq
transiting at 8.7 kts in the Beaufort Sea. The higher levels represent the
forward direction from the vessel.

TaBLE 3.30. Measured radii for the Sisuag transiting at 8.7 kts, as determined from the rms
SPL versus range data from the Beaufort Sea.

rms SPL Threshold (dB re 1 uPa) Best-Fit Line Radius (m) 90th Percentile Radius (m)

190 <10 <10
180 <10 <10
170 <10 <10
160 18 25

150 61 82

140 200 270
130 680 910

120 2300 3000
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FIGURE 3.66. 1/3-octave band source levels for the Sisuaq from
data measured in the Beaufort Sea.

Tor Viking 11

Figure 3.64 shows vessel sound levels as a function of range as measured on each AMAR.
Table3.29 lists the ranges to SPL thresholds between 190 and 120dB re 1 pPa based on the
90th-percentile and the best-fit lines to these data. Mean 1/3-octave band source levels were calculated
from 10 s of data centered on the CPA (Figure 3.65).
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FIGURE 3.67. Vessel SPLs (rms) for the Tor Viking Il transiting

at 9.0 kts in the Beaufort Sea. At a given range, higher sound

levels represent the aft direction from the vessel.
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TABLE 3.31. Measured radii for the Tor Viking Il transiting at 9.0 kts, as determined from the
rms SPL versus range data from the Beaufort Sea.

rms SPL Threshold (dB re 1 uPa) Best-Fit Line Radius (m) 90th Percentile Radius (m)

190 0 0
180 <10 <10
170 <10 <10
160 25 34
150 110 150
140 470 640
130 2000 2800
120 8700 12,000
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FIGURE 3.68. 1/3-octave band source levels for the Tor Viking Il
from data measured in the Beaufort Sea.

Warrior

Figure 3.66 shows vessel sound levels as a function of range as measured on each AMAR.
Table3.30 lists the ranges to SPL thresholds between 190 and 120dB re 1 pPa based on the
90th-percentile and the best-fit lines to these data. Mean 1/3-octave band source levels were calculated
from 10 s of data centered on the CPA (Figure 3.67).
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FIGURE 3.69. Vessel SPLs (rms) from AMAR A, B, and C for the Warrior
transiting at 8.7 kts in the Beaufort Sea.

TABLE 3.32. Measured radii for the Warrior transiting at 8.7 kts, as determined from the rms
SPL versus range data from the Beaufort Sea.

rms SPL Threshold (dB re 1 uPa) Best-Fit Line Radius (m) 90th Percentile Radius (m)

190 <10 <10
180 <10 <10
170 10 13

160 33 42

150 110 130
140 340 430
130 1100 1400

120 3500 4400
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FIGURE 3.70. 1/3-octave band source levels for the Warrior from
data measured in the Beaufort Sea.

Discussion

Vessel Directivity

The configuration of the AMARSs for the support vessel SSC measurements alowed an
examination of the directionality of the vessel sound levels. Table 3.31 compares the levels recorded at
500 and 1000 m (1640 and 3280 ft) in the fore, aft, and broadside directions for each prospect. The
broadside sound level s were greater than those in the fore and aft directionsin aimost every case.
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TABLE 3.33. Comparison of sound levels received at two ranges in the broadside,
fore, and aft directions from the support vessel SSC measurements. Values
shown are SPLs in dB re 1 pPa.

500 m 1000 m
Vessel Speed Broadside Fore Aft  Broadside Fore Aft
Burger-A Prospect, Chukchi Sea
Affinity 9.0 - 119.7 126.3 120.6 115.7 120.9
Affinity 8.8 - 119.8 1255 121.7 1149 120.7
H Explorer 8.5 130.5 126.8 123.9 127.0 122.4 121.6
H Spirit 6.2 - 127.0 127.8 129.2 123.3 1245
Nanug 9.1 - 134.2 132.0 133.1 130.2 1294
Nanug 10.8 - 138.3 134.9 134.1 131.8 1325
Nordica 12.1 - 132.8 125.8 132.8 128.5 123.1
Aiviq 3.4 - 1440 1424 141.0 138.9 136.5
Guardsman 9.4 137.9 134.8 133.9 133.0 130.0 125.3
Tor Viking 1l 9.0 - 134.1 132.7 132.5 129.6 124.3
Discoverer 9.0 - 137.3 1223 131.4 137.5 120.9
Fennica 12.0 - 132.7 125.3 130.4 128.0 121.2
Fennica 8.0 - 125.4 126.5 124.8 119.8 119.4
Sivullig-N Prospect, Beaufort Sea
Affinity 9.0 130.3 130.9 129.8 126.3 126.8 126.0
Aivig 8.8 147.8 145.1 143.6 143.6 140.5 140.5
Arctic Seal 9.0 118.2 119.7 115.3 114.4 1144 111.6
Lauren Foss 6.5 126.8 125.0 123.8 122.7 120.4 120.2
Nordica 9.0 132.6 129.5 127.0 131.2 124.6 125.6
Pt Oliktok 8.7 123.8 123.3 1195 120.1 117.7 1154
Sisuaq 8.7 133.9 132.0 126.6 129.7 127.3 126.5
Warrior 8.7 136.4 133.1 132.7 132.2 128.8 129.7
Tor Viking Il 9.0 - 137.8 140.2 - 134.0 136.8

Comparison with Pre-Season Model

In 2011 an acoustic model was applied to estimate the expected propagation range for sound levels
during drilling operations at Burger and Sivulliq (Warner and Hannay 2011). The model scenarios
considered drilling noise from the Noble Discoverer (based on measurements that JASCO collected in
2009) combined with noise from a support vessel, which was idling alongside the drill ship. Sound levels
from these two sources were modeled at the Burger, Torpedo, and Sivulliq prospects. At frequencies
below 200 Hz, the modeled sounds from drilling dominated the sounds of the support vessel idling
nearby. The field measurements from 2012 indicated that when vessels were operating near the drill ship,
they generally were not idle; rather, they were moving, thus generating considerable underwater sound
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levels relative to the drill ship. As such, the modeled scenario is most comparable to the 2012
measurements of drilling sounds in the absence of nearby vessels. The table below compares the modeled
and measured results for each prospect site. The modeled ranges slightly underestimated those measured
at Burger-A, but overestimated those measured at Sivullig-N. This overestimation may be because of a
discrepancy between the modeled and measured noise sources; source levels for the Noble Discoverer
were applied to the Sivulliqg model scenario, but the Kulluk was the source measured at Sivullig-N.

TABLE 3.34 Comparison of measured range to 120 dB re 1 pPa with that from a 2011 model estimate.

Burger-A Sivullig-N*
vl ModelEstmate  Z0L2 Measurement— o yyyg 2012 Messurement—
(dB re 1 pPa) (km) (km)
140 0.071 0.10 0.112 0.03
130 0.26 0.39 0.427 0.15
120 1.31 15 2.2 0.66

* Noble Discoverer used as noise source in model, Kulluk was measured noise source.

Underwater Sound Levels from Industrial Activitiesin the Chukchi and Beaufort Seas

This section considers the sound levels reported in this chapter in the context of the industria
activities that have occurred in the Chukchi and Beaufort Seas over the past several years. Table 3.33 lists
the specific programs for which acoustic measurements in the Chukchi and Beaufort Seas have been
reported since 2006. All of the listed programs involved sounds from seismic airgun sources, which
produced high amplitude, impulsive sounds that differ from the lower amplitude continuous sounds that
characterize the noise from vessels and equipment used in drilling. Many of the programs also reported
sounds from support vessels. Figure 3.68 shows the ranges to 120 dB re 1 pPa for every vessel SSC
measurement reported since 2007, as well as for the vessel SSC measurements from this study. The
ranges to 120 dB re 1 pPa from this study were within the bounds of those that have previousy been
reported, with the exception of one measurement of the Aiviq towing the Kulluk.
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TaBLE 3.35 Oil and gas exploration projects in the Chukchi and Beaufort project areas, from 2006 to 2011, which reported measurements of sound
levels produced by their activities.

Project Primary . Water Airgun  Survey Support Sidescan/  Sub-bottom
Operator and Survey Location Depths . . Reference
Array  Vessel Vessel Multibeam  Profiler
Year Type (m)
Shell Offshore 3D Chukehi X X X Blackwell 2007
Inc., 2006
GX Technology Chukehi X Austin & Laurinolli 2007
2006
ConocoPhillips . -
Alaska, 2006 3-D Chukchi X X MacGillivray & Hannay 2007
Shell Offshore Chukechi,
Inc., 2007 3-D, SH Beaufort X X X X Hannay, 2008
ggég”d PGS, OBC Beaufort  2-14 X X X Warner et al. 2008
BP Alaska, 2008 OBC Beaufort X X X Aerts et al. 2008
Shell Offshore Chukechi,
Inc., 2008 3-D, SH Beaufort 19-44 X X X X Hannay and Warner 2009
Shell Offshore o Chukchi 48,41 X X X Warner et al. 2010
Inc., 2009
Statoil, 2010 3-D Chukchi 38-43 X O’Neill et al. 2010
Chukchi, 46-51 X X X
Shell Offshore SH,GT Chorney et al. 2011
Inc., 2010 Beaufort  15-38 X X X X
Statoll USAB&P o o1 chukehi 37 X X X X Warner and McCrodan 2011
Inc., 2011
Notes:

2-D = 2-Dimensional seismic survey using airgun array sources.
3-D = 3-Dimensional seismic survey using airgun array sources.
OBC = Ocean Bottom Cable survey using airgun array sources.

SH = Shallow hazards or site clearance survey using small airgun arrays, sparkers or boomers or bubble pulsers.

GT = Geotechnical survey using sidescan, multibeam, single beam sonars.
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FIGURE 3.71 Ranges to 120 dB re 1 uPa from all vessel SSC measurements reported for programs in the
Chukchi and Beaufort Seas since 2007.

Summary

This chapter presented results from an acoustic monitoring study that characterized sounds from
vessels and equipment associated with Shell Exploration and Production Company’s 2012 drilling
programs in the Chukchi and Beaufort Seas. Distances to the sound level thresholds of 190, 180, 160, and
120 dB re 1 pPa are summarized below for each vessel and for each of the activities characterized in this
report. The broadband (10 Hz-32 kHz) source level for drilling was calculated to be 181 dB re 1 pPa for
the Noble Discoverer and 172 dB re 1 pPafor the Kulluk.
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Burger-A Drill Site

TABLE 3.36. Sound level threshold distances for drilling operations at the Burger-A drill site. Distances
were obtained from best-fit lines to averaged sound levels versus range for the respective activity.

Drill Site Activity

rms SPL Threshold Radii (m)

190dBrelpuPa 180dBrelpPa 160dBre1lpPa 120dBre 1l puPa

Drilling 8.5 in pilot hole
(Tor Viking Il nearby)

Drilling 17.5 in pilot hole
(Tor Viking 1l nearby)

Drilling 36 in pilot hole
(Tor Viking Il nearby)

Drilling 26 in hole
(no ancillary vessels)

Drilling of MLC

Ice management

<10

<10

<10

<10

<10
<10

<10

<10

<10

<10

20
<10

22

<10

30

<10

130
60

13,000*

10,000*

25,000*

1500

8100
9600*

* Extrapolated beyond measurement range.

TaABLE 3.37. Sound level threshold distances for vessels operating at the Burger-A drill site. Distances
were obtained from the 90th percentile fits to sound level versus range for the respective vessels.

Vessel Name

rms SPL Threshold Radii (m)

190 dB re 1 uPa

180 dB re 1 uPa

160 dB re 1 uPa

120 dB re 1 uPa

Affinity—8.8 kts
Affinity—9.0 kts

Aiviq (towing the Kulluk)

Fennica—8.0 kts
Fennica—12.0 kts

Guardsman (towing the
Klamath)

Harvey Explorer
Harvey Spirit

Nanug—9.1 kts
Nanug—-10.8 kts

Noble Discoverer (towed
by Tor Viking I1)

Nordica

Tor Viking Il (towing the
Noble Discoverer)

0
0

<10

<10

<10

<10
<10

<10

<10

0
0

<10

<10
<10

<10

<10

<10
<10

<10

<10

<10
<10

110

11
26

70

16
<10

42
60

<10

40

25

1300
1400

19,000

2000
5000

4700

2000
2600

5200
6900

740
4600

4800
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Sivullig-N Drill Site

TABLE 3.38. Sound level threshold distances for drilling operations at the Sivullig-N drill site. Distances
were obtained from the best-fit lines to averaged sound level versus range for the respective activity.

rms SPL Threshold Radii (m)
190dBrelpyPa 180dBrel1pPa 160dBrelpuPa 120dBre 1 pPa

Drill Site Activity

Anchor laying <10 <12 63-120 12,000-29,000
Drilling of pilot hole <10 <10 <10 660
Drilling of MLC <10 20 140 6200

TABLE 3.39. Sound level threshold distances for vessels operating at the Sivullig-N prospect, from
measurements made from 28 Sep to 2 Oct 2012. Distances were obtained from the 90th percentile fits to
sound level versus range for the respective vessels.

rms SPL Threshold Radii (m)

Vessel Name 19f$§are 180 dBre 1 pPa 160 dBre 1 pPa 12ff§are
Affinity 0 <10 <10 3000
Aiviqg 0 <10 67 11,000
Arctic Seal 0 0 <10 510
Lauren Foss (towing the Tuuq) 0 <10 <10 1500
Nordica <10 <10 24 4200
Pt Oliktok 0 <10 <10 830
Sisuaq <10 <10 25 3000
Tor Viking Il 0 <10 30 12,000
Warrior <10 <10 42 4400

A summary of key findings from this analysis are:

e Support vessal s generated more noise than drillships actively drilling. In the absence of nearby
support vessels, broadband drilling sounds decayed to 120 dB within 1500 m (4950 ft) in the
Chukchi Sea and 660 m (2200 ft) in the Beaufort Sea while the pilot holes were drilled. When
the Tor Viking |1 operated near the drillship Noble Discoverer, received sound levels of 120 dB
persisted to ranges of 10 km or greater while pilot holes were drilled.

e Increased sound levels were recorded at each prospect while the mudline cellar was drilled
compared to when the pilot holes were drilled. During mudline cellar drilling, sound levels of
120 dB extended to 8.1 km (26,000 ft) in the Chukchi Seaand 6.2 km (20,000 ft) in the
Beaufort Sea. Spectral analysis showed that the sound from mudline céllar drilling was
broadband in nature with dominant sound energy between 300 Hz and 3 kHz. The noise during
mudline cellar drilling likely arose from the MLC bit grinding into the seafloor. In contrast, the
sound generated during pilot hole drilling was very tonal in nature and arose from the rotating
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machinery on the drillship; these tones were obscured by the broadband mudline cellar drilling
sounds .

o Whilethe support vessels transited the SSC track, sound levels received on the broadside were
greater than those received in the forward and aft directions for almost every vessel.
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Glossary

1/3-octave band SEL

Frequency resolved sound exposure levels in non-overlapping passbands that are one-third of an
octave wide (where an octave is a doubling of frequency). Three adjacent 1/3-octave bands make
up one octave. 1/3-octave bands become wider with increasing frequency.

attenuation
The acoustic energy loss due to absorption and scattering.

broadband sound leve

The total sound pressure level measured over a specified frequency range. If the frequency rangeis
unspecified, it refersto the entire measurement range.

broadside direction
Perpendicular to the travel direction of asource.

continuous sounds
Sounds that gradually vary in intensity with time, for example, sound from atransiting ship.

decibel

A logarithmic unit of the ratio of a quantity to a reference quantity of the same kind. Unit symbol:
decibel (dB).

frequency
The rate of oscillation of a periodic function measured in units of cycles-per-unit-time. The
reciproca of the period. Unit: hertz (Hz). Symbol: f. For example, 1 Hz = 1 cycle per second.

Global Positioning System (GPS)
A satellite based navigation system providing accurate worldwide location and time information.

hydrophone

An underwater sound pressure transducer. A passive electronic device for recording or listening to
underwater sound.

noise
Unwanted sound that interferes with detecting other sounds.

omnidirectional hydrophone
A hydrophone that has a uniform directivity, i.e., measures sound equally in any direction.
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power spectrum density
The acoustic signal power per unit frequency as measured at a single frequency. Unit: pPa’/Hz, or
pPa’-s.

power spectrum densty level

The decibel level (10l0g,o) of the power spectrum density, usually presented in 1 Hz bins. Unit: dB
re 1 pPa’/Hz.

pressur e, acoustic

The deviation from the ambient hydrostatic pressure caused by a sound wave. Also called
overpressure. Unit: pasca (Pa).

pressure, hydrostatic

The pressure at any given depth in a gtatic liquid that is the result of the weight of the liquid acting
on aunit area at that depth, plus any pressure acting on the surface of the liquid. Unit: pascal (Pa).

received level (RL)
The sound pressure level measured at the receiver. Unit: dBre 1 pPa @ 1 m.

rms
root mean square.

rmssound pressurelevel (rmsSPL)

The root-mean-square average of the instantaneous sound pressure (Symbol is L) as measured over
some specified timeinterval (symbol T). For continuous sound, the time interval is one second.

sound

A time-varying pressure disturbance generated by mechanical vibration waves travelling through a
fluid medium such as air or water.

sound intensity

Sound energy flowing through a unit area perpendicular to the direction of propagation per unit
time.

sound pressurelevel (SPL)

The decibdl ratio of the time-mean-square sound pressure, in a stated frequency band, to the square
of the reference sound pressure (ANSI S1.1-1994 R1999). Unit: decibel (dB). Symbol: L.

For sound in water, the reference sound pressure is one micropasca (p, = 1 uPa) and the unit for
SPL isdB re 1l pPa:

L, =10log,(p?/ p?)=20l0g,(p/ p,)
Unless otherwise stated, SPL refers to the root-mean-square sound pressure level (rms SPL).

source level (SL)

The sound pressure level measured 1 metre from a point-like source that radiates the same total
amount of sound power as the actual source. Unit: dBre 1 pPa @ 1 m.
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spectrum
An acoustic signal represented in terms of its power (or energy) distribution versus frequency.
See also power spectrum density.

transmisson loss(TL)

The decibel reduction in sound level that results from sound spreading away from an acoustic
source, subject to the influence of the surrounding environment. Also referred to as propagation
loss.

waveength
Distance over which awave completes one oscillation cycle. Unit: metre (m). Symbol: A.
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4. VESSEL-BASED MONITORING, MITIGATION, AND
DATA ANALYSISMETHODS

This chapter describes the marine mammal monitoring and mitigation measures implemented
during Shell’s exploratory drilling operations in the Chukchi and Beaufort seas during the 2012 open-
water season. The required measures were detailed in the IHAs and LOAs issued to Shell by the National
Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS), respectively. This
chapter also describes the methods used to categorize and analyze the vessel-based monitoring data
collected by observers and reported in the following chapters.

Monitoring Tasks

The main purposes of the marine mammal monitoring program were to ensure that the provisions
of the IHAs and LOAs issued to Shell were satisfied, effects on marine mammals were minimized, and
residual effects on animals were documented. Tasks specific to monitoring are listed below:

o use of dedicated Protected Species Observers (PSOs) aboard the drill rigs (Discoverer and
Kulluk) and the support vessels to visually monitor the occurrence and behavior of marine
mammals near the vessels and within the exclusion zones,

e use the visua monitoring data and observations as a basis for implementing the required
mitigation measures,

e record (insofar as possible) the effects of exploratory drilling operations and the resulting
sounds on marine mammals;

e estimate the number of marine mammals potentially exposed to low-level continuous sounds at
specified levels from drilling and i ce-management activities.

Safety and Potential Disturbance Radii

IHAs typicaly include provisions to minimize the possibility that marine mammals close to the
sound source might be exposed to levels of sound high enough to cause short or long-term hearing loss or
other physiological injury. Under current NMFS guidelines (e.g., NMFS 2001), “safety radii” for marine
mammals around sound sources are customarily defined as the distances within which received sound
levels (RSLs) are >180 decibels dB (rms) for cetaceans and >190 dB re 1 pPa (rms) for pinnipeds. The
>180 and >190 dB (rms) guidelines were also employed by USFWS for the species under its jurisdiction
(180 and >190 dB [rms] for walrus and polar bear, respectively) in the LOAs issued to Shell. Those
safety radii are based on a cautionary assumption that other sounds 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 IHASs 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. Marine mammals exposed to pulsed sounds >160 dB (rms) or continuous sounds>120 dB
(rms) are assumed by NMFS to be potentially subject to behaviora disturbance. Pulsed sounds from
airguns used in zero-offset vertical seismic profiling (ZVSP) surveys of exploratory drilling wells were
authorized in Shell’s 2012 IHAS, however, no ZV SP surveys were conducted by Shell in the Arctic

! By H.M. Patterson, L.N. Bisson, H.J. Reider, and C.M. Reiser (LGL).
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during 2012. Therefore, the focus within this report is on continuous sounds produced during exploratory
drilling operations, including ice-management activities in support of drilling.

Exploration Drilling Activities

Shell’s IHA and LOA applications described the anticipated acoustic sources (or sources with
comparable frequency and intensity) around the planned drilling and related support operations. Shell
conducted sound source measurements of the drill rigs Discoverer and Kulluk in addition to support
vessels. Sound source characterizations consisted of distances at which broadband received levels reached
190, 180, 170, 160, and 120 dB (rms) for vessel trangit, drilling, and related support activities. Theinitial
sound fields around the proposed drilling activities were based on sounds modeled from previous
measurements of the Kulluk and Discoverer. Field measurements of underwater sounds during drilling
activities as a function of distance and aspect were acquired during the beginning of drilling data
acquisition (Warner et a. 2011) and are reported in Chapter 3 of this report. The 2012 pre-season
(modeled) and measured sound propagation distances (radii) from drilling and related activities in the
Chukchi and Beaufort seas are presented below (Tables 4.1 and 4.2, respectively). More extensive
analysis of the field measurements was completed after the field season as described in Chapter 3 of this
report.

Sounds from the Discoverer have not previousy been measured in the Arctic. However,
measurements of sounds produced by the Discoverer were made in the South China Sea in 2009 (Austin
and Warner 2010). The results of those measurements were used to model the sound propagation from
the Discoverer (including a nearby support vessel) at planned drilling locations in the Chukchi Sea. The
measured radii to RSLs >120 dB (rms) from drilling and related support activities conducted in the
Chukchi Sea during 2012 (Table 4.1) were used to assess vessal-based monitoring results reported in
Chapter 5 during drilling and-ice management activities as prescribed in Shell’s 2012 IHA issued by
NMFS. Measurements of sound levels produced by drilling and ice-management activities were used to
calculate the density-based exposure estimates of marine mammals presented in Chapter 5.

Sounds from the Kulluk have previously been measured in the Beaufort Sea (Greene 1987, Miles et
al. 1987). The back-propagated source level estimated by Greene (1987) from these measurements was
185 dB re 1 pPa at 1 meter (m). Sound-attenuating equipment installed on the Kulluk prior to 2012
operations in the Beaufort Sea resulted in lower average source levels from this drill rig in the Beaufort
Sea in 2012 compared to those that were measured and reported by Greene (1987; see Chapter 3 for
detailed measurements and source levels). The measured radii to RSLs >120 dB (rms) from drilling and
related support activities conducted in the Beaufort Sea during 2012 (Table 4.2) were used to assess the
vessel-based monitoring results from drilling reported in Chapter 6, as prescribed by the IHA issued to
Shell in 2012. Ice management did not occur in the Beaufort Sea in 2012 and therefore did not impact
marine mammalsin the area.

Anchor handling was not designated as an independent task in the NMFS IHAs issued to Shell that
required separate measurement and consideration in relation to sounds produced during drilling activities.
Anchor handling sounds were, however, measured in the Beaufort Sea and could be distinguished from
other drilling-related activities. These sounds occurred over relatively short periods of time (severa
hours) across periods of several days within the drilling season. These measurements were not used in
density-based exposure calculations because of the short durations over which they occurred and to
maintain consistency with the NMFS IHAs issued to Shell. The time periods were noted in the PSO data,
and sightings and potential reactions of marine mammals to anchor-handling activities during the longer
period of several days. These data are reported in sections of Chapters 5 and 6 to gain a better
understanding of the potential impacts of these operations.
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TABLE 4.1. Measured distances (m) of received sound levels between 120 and 190 dB (rms) from
drilling and related support activities during Shell's exploratory drilling program in the Chukchi
Sea, Alaska, 2012.

. - Drilling with .

Received Drilling of Mud-Line

Level dB  26-inch Pilot Su_ppgrt Ve_ssel Cellar Anchor a M lce
(rms) Hole n _y_nar_mc Drilling Handling anagement

Positioning

2190 <10 <10 <10 - <10
2180 <10 <10 20 - <10
2170 <10 <10 40 - 20
2160 <10 30 130 - 60
2150 30 160 350 - 200
2140 100 860 1000 - 730
2130 390 4600 2800 - 2600
2120 1500 25,000 8100 - 9600

 No measurements of anchor handling were analyzed during the 2012 season in the Chukchi Sea. Measurements of this
activity from the Beaufort Sea (Table 4.2) were used in Chapter 5.

TABLE 4.2. Measured distances (m) of received sound levels between 120 and 190 dB (rms) from
drilling and related support activities during Shell's exploratory drilling program in the Beaufort
Sea, Alaska, 2012.

. Drilling with .

FL{:Z:V;S Drilling of  Support Vessel M‘é‘l'l;?e Anchor ce

(rms) Pilot Hole in pynamlca Drilling Handling Management
Positioning

2190 <10 - <10 <10 -
2180 <10 - 20 <10 -
2170 <10 - 60 14 -
2160 <10 - 140 63 -
2150 <10 - 360 290 -
2140 30 - 930 1400 -
2130 150 - 2390 6300 -
2120 660 - 6200 29,000 -

® No measurements of sounds from drilling with a support vessel in dynamic positioning near the drill rig were analyzed for
the Chukchi Sea. Measurements of this activity from the Beaufort Sea (Table 4.2) were used in Chapter 6.

b Shell did not not need to manage potentially hazardous ice floes in the Beaufort Sea during 2012.

Mitigation Measures as | mplemented

The implementation of mitigation measures during Shell’s 2012 exploratory drilling program in the
Chukchi and Beaufort seas spanned all aspects of operations and was driven by several themes.
Mitigation measures were centered on reducing potential impacts to marine mammals and subsistence
activities from a wide range of vessel activities. Specifically, vesse activities related to transit, drilling,
handling and setting of the anchors used to moor the drill rigs, and ice scouting and management activities
all were mitigated by various actions requested by PSOs. Vessel-based PSOs also played a role in the
routing of aircraft to minimize potential impacts on marine mammals, particularly for helicopters used to
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facilitate offshore crew changes. Potential impacts to local subsistence activities were mitigated by the
timing and location of Shell’s operations in the Chukchi Sea in accordance with the CAA, and also
through communications from each vessel to the nearest communication center every six hours. Shell did
not conduct ZV SP surveys at the Chukchi Sea drillsite in 2012, which precluded the establishment of 180
and 190 dB (rms) exclusion zones for marine mammals around the drill rigs as stipulated in Shell’s
Chukchi SealHA and LOA for periods with active airgun operations.

The most common forms of mitigation implemented by PSOs aboard vessels during 2012 were
reductions in vessel speed and alterations of vessel headings during routine vessel operations. All efforts
were made to maximize distance from marine mammals and avoid separating individuals from groups of
marine mammals.  Other mitigation measures implemented by PSOs aboard vessels included
postponement of equipment deployments (e.g., hydrophone recorders) due to the presence of marine
mammals in the deployment area. Vessel transit routes through the Chukchi Sea and within the drilling
area were atered on numerous occasions as a result of PSOs from one vessel calling attention to large
groups of walruses in water or hauled out on ice in specific areas. These areas were avoided whenever
possible. Detailed mitigation measures and summaries are presented in Chapters 5 and 6 and in Appendix
E.

Special Mitigation Measures During | ce Management

In addition to the standard mitigation measures set forth by IHAs and incidental-take LOAS, “take
by harassment” LOAs were issued to Shell by the USFWS that authorized “intentional take” of polar
bears and walruses (in the Chukchi Sea only) during ice-management activities to protect the safety of
project personnel and vessels. Detailed instructions and protocols for ice-management activities,
particularly in the Chukchi Sea as it related to walrus distribution, were prescribed in Shell’s Adaptive
Approach to Ice Management and Walruses. This plan was appended to Shell’s USFWS “take-by-
harassment” LOA for the Chukchi Sea. As noted above, no ice management occurred in the Beaufort Sea
and only limited amounts of ice-management activities were conducted by Shell in the Chukchi Sea
during discreet periods in 2012. Despite possession of “take-by-harassment” LOAS, there were no
intentional takes of any marine mammals by Shell during 2012.

Ice scouting and management activities in the Chukchi Sea during 2012 involved significant
communication between PSOs and vessel operators. These activities were restricted to periods with good
visibility whenever possible to allow for large detection distances of marine mammals in the area prior to
approaching or entering the main ice edge. Walruses hauled out on ice often were detected by PSOs
using “Big Eye” binoculars aboard ice management vessels at distances between 5 and 8 km (3.1 and 5.0
mi). The location of these animals was communicated to vessel operators and shore-based project
managers, and such distances from animals were maintained unless the ice was deemed potentially
hazardous to the safety of the operation. Only small amounts of hazardous ice were managed in the
Chukchi Sea drilling area between 31 Aug and 13 Sep, and no ice with marine mammals directly
associated with it was managed or approached closer than was operationally necessary. All operational
decisions related to ice scouting and management involved significant assessment of the distribution of
marine mammals known to be in the area prior to any detailed instructions being delivered from Shell’s
shore-based management team in Anchorage to vessels. All operational instructions clearly prohibited
vessel interactions with marine mammals on or near ice.
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Marine Mammal Monitoring Methods

Marine mammal monitoring methods were designed to meet the requirements and objectives
specified in the IHAs and LOAs. The main purposes of PSOs aboard the drill rigs and support vessels
were asfollows:

e Conduct visual watches for marine mammals to serve as the basis for implementation of
mitigation measures for cetaceans, seals, walruses, and polar bears,

o Collect data of observations to estimate the numbers of marine mammals potentially exposed
to low-level continuous sounds generated by drilling and ice-management activities; and

e Document any potentia reactions of marine mammals to exploratory drilling and related
support activities, and whether there was any possible effect on accessibility of marine
mammal s to subsistence huntersin Alaska.

Results of marine mammal monitoring in the Chukchi and Beaufort seas are presented in detail in
Chapters 5 and 6. The visual monitoring methods that were implemented during Shell’s 2012 exploratory
drilling program were similar to those used during seismic and other geophysical marine surveysin 2006—
2010. The standard visual observation methods utilized by PSOs aboard vessels are described below and
in greater detail in Appendix E.

Vessel-based marine mammal monitoring and mitigation was conducted from the drill rigs and
support vessels throughout operations in the Chukchi and Beaufort seas. Permit stipulations required that
two PSOs be on watch aboard drill rigs and ice management vessels during al active drilling and ice
management operations from nautical twilight-dawn to nautical twilight-dusk. As a conservative
approach, at least one PSO maintained an active watch during periods of darkness when drilling or ice
management was occurring, and an additional PSO was on-call during these periods. At least one PSO
was on watch on the additional support vessels when the vessel was engaged in active operationa
activities and at other times whenever practicable. During daylight hours, scans were made with Fujinon
7x50 reticle binoculars and the unaided eye. During periods with excellent visibility, Fujinon 25x50
“Big-Eye” binoculars or Zeiss 20x60 image stabilized binoculars were used to monitor for distant marine
mammals. PSOs frequently scanned areas around the vessel during periods of darkness using Generation
3 night vision devices (NVDs).

Changes to Monitoring Program Made based on NMFS's Expert Panel Recommendations

As part of the NMFS IHA application processes, an independent peer-review panel reviewed
Shell’s applications and provided comments and recommendations on the proposed marine mammal
mitigation and monitoring plans. Recommendations were made for training procedures, field-observation
techniques, data-recording procedures, and fina reporting. A number of the recommendations made by
the panel have been a part of similar monitoring programs in past years and were therefore already a part
of the planned program in 2012 including:

e training of all observers, including Alaska Natives, together at the same time;

e instructing observers to identify animals as unknown/unidentified when appropriate rather than
striving to identify a sighting to species without evidence of diagnostic features,

o sampling of the relative nearfield around operations was corrected for effort to provide the best
possible estimates of marine mammals in safety and exposure zones,

e maximizing observers time with their eyes on the water by utilizing a direct-entry, computer-
software program designed specifically for data entry by PSOs aboard vessels (voice recorders
also were used to record data to address this objective);



4-6  Monitoring in the Chukchi and Beaufort seas for Shell, 2012

e training PSOs using visua aids (e.g., photos) to help them identify the species that they were
likely to encounter in the conditions under which the animals would likely be seen;

e pairing new and experienced observers together during training and in the field to maximize
understanding, mentorship opportunities, and consistency of data collection;

e documenting visibility conditions during observation periods,

e instructing observers to maximize time spent monitoring areas directly associated with
operations and zones associated with implications for mitigation;

e dstationing PSOs in the best possible positions for observing: the bridge, bridge wings, flying
bridge, or stern (on drill rig or stationary vessel); and

e combining the use of “Big eye” binoculars, low power binoculars, and naked eye searches
during watches to cover the greatest area allowable by weather conditions.

Data Analysis Methods

Categorization of Data

PSO effort is a systematic collection of observation records that captures the distance or amount of
time spent with at least one observer 1.) actively searching for marine mammals, and 2.) documenting
environmental conditions and vessel activities. For moving vessels, effort was quantified as the distance
the vessel traveled while PSOs actively looked for marine mammals and recorded environmental and
vessel activity data. For stationary vessels, effort was quantified as the number of hours during which
PSOs actively looked for marine mammals and recorded data. The amount of effort was subdivided by
various environmental or operationa variables that may have influenced the ahility of PSOs to detect
marine mammals or the actual distribution of marine mammals in the area (e.g. Beaufort wind force,
vessel activity). PSO effort was used to calculate marine mammal sighting rates in the following sections
of this chapter.

Observer effort and marine mammal sightings were divided into several analysis categories related
to environmental conditions and vessel activity. The categories were similar to those used during various
other exploration activities conducted under IHASs in this region (e.g., Funk et a. 2008; Ireland et al.
2007a,b; Patterson et al. 2007; Reiser et a. 2010; Reiser et . 2011). These categories are defined briefly
below, with a more detailed description provided in Appendix E.

Species Groups

Results are presented separately by groups including cetaceans, pinnipeds (excluding walrus),
Pacific walrus. and polar bear. Cetaceans and pinnipeds are treated separately due to expected differences
in potential reactions to exploratory drilling and related support activities. Pacific walrus and polar bears
are presented separately due to their management by USFWS.

Geogr aphic Boundaries and Vessal Role

Data were collected during the entire cruise period for all vessels, including the transit between
Dutch Harbor and the exploratory drilling areas. Datawere first categorized by the geographic region and
time period in which they were collected for reporting results in Chapters 5 and 6. Given the differences
in marine mammal species composition, densities, etc. between the southern Chukchi Sea and the Burger
prospect area in the northeastern Chukchi Sea, only marine mammal sightings and effort data from vessel
activities north of Point Hope (68.34 °N) and west of Pt. Barrow (156.45 °W) were included in the
Chukchi Sea study area (Fig. 4.1). The Chukchi Sea study area was designed to support more meaningful
comparisons of data collected in the Chukchi Sea during drilling versus non-drilling periods. The
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Beaufort Sea study area included data from vessels operating east of Pt. Barrow (156.45 °W) to the
Canadian border (141 °W; Fig. 4.1).

Data were also categorized by the duties of the vessel on which the data were collected. A vessel
was considered a “source” vessdl if, at some point during the season, it engaged in activities other than
general vessdl operations (e.g., drilling, ice management; see “Vessel Activity”, below). All datawere
further binned into periods when the vessel was moving versus stationary.
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FIGURE 4.1. The Chukchi Sea and Beaufort Sea study area boundaries used to categorize vessel-based
marine mammal sightings and effort data for analysis and presentation in Chapters 5 and 6, respectively.

Vessal Activity

Marine mammal sighting and observer effort data from all vessels were categorized into the
following six bins based on activities and the relative amount of sound produced while the activity was
being conducted: (1) pilot-hole drilling; (2) mud-line cellar drilling; (3) ice management; (4) anchor
handling; (5) periods with no drilling, ice management, or anchor handling; and (6) a bin that
encompasses either drilling or mud-line cellar activities concurrent with a stationary support vessel using
dynamic-positioning (DP) technology within 1 km (0.6 mi) of the drill rig. Preliminary review of sound
measurements of support vessels using dynamic positioning suggested that DP sounds masked those
produced during drilling activities (see Chapter 3), thus the presence or absence of support vesseals in
dynamic positioning near an active drill rig warranted consideration in certain analyses. To be consistent
with the vessel-based acoustic sources that were authorized for incidental take of cetaceans and seals by
Shell’s 2012 IHAS, only “continuous drillship sounds during active drilling operations’ and “vessel
sounds generated during active ice management or icebreaking” were considered when calculating
exposure estimates to marine mammals.

Sighting Rate Calculations and Comparisons

Sighting rates (sightings/10 hr of observer effort from stationary vessels and sightings/1000 km or
621 mi of observer effort from moving vessels) are presented for all vessels within the analysis categories
of Beaufort wind force (Bf), number of PSOs on watch, and by vessel activity status (specific to vessels
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which perform those activities). Sighting rates are presented independently by species groups including
cetaceans, pinnipeds (excluding walrus), Pacific walrus, and polar bear.

Sighting rates have the potential to be biased by a number of different factors other than the
variable being considered. In order to present meaningful and comparable sighting rates within and
between categories, especialy for purposes of considering the potential effects of vessel activity on the
distribution and behavior of marine mammals, effort and sightings data were categorized by the relative
quality of sighting/observing conditions (e.g. environmental conditions). The criteria were intended to
exclude data from periods of observation effort when conditions would have made it difficult to detect
marine mammals that were at the surface. If those data were to be included in analyses, important metrics
like sightings rates and densities would be biased downward.

Criteria for Sghting Rate Data

Slightly different criteria were used for pinnipeds and cetaceans in order to account for assumed
differences in their potential reactions to exploratory drilling and related support-vessel activities.
Therefore, effort and sightings occurring under the following conditions were excluded when calculating
sighting rates:

e periods 3 minto 1 h for pinnipeds and polar bears, or 2 h for cetaceans, after the cessation of
vessel activities with aradius of received sound at the >120 dB (rms) isopleth of greater than 20
km (12.4 mi);

e periods when amoving vessel’s speed was <3.7 km/h (2 kt);
e periods with seriously impaired visibility including:

o al nighttime observations;

o0 vighility distance was <3.5 km (2.2 mi);

0 Beaufort wind force (Bf) >5 (Bf >2 for “cryptic” cetaceans. minke whales, belugas, and
porpoises; See Appendix F for Beaufort wind force definitions); and

0 >60°of severe glarein the forward 180° of a moving vesseal’s trackline.

This categorization system was designed primarily to allow identification of potential differences
in behavior and distribution of marine mammals during periods with drilling or related support-vessel
activity versus periods without any such activities.

The rate of recovery toward “normal” behavior and distributions during the post-exposure periods
is uncertain. Marine mammal responses to seismic and other industrial sounds likely diminish with time
after the cessation of the activity. The end of the post-exposure period was defined as a time long enough
after cessation of vessdl activity to ensure that any carry-over effects of exposure to sounds from the
vessel activities would have waned to zero or near-zero. The reasoning behind these categories was
explained in MacL ean and K oski (2005) and Smultea et d. (2005), and is discussed in Appendix E.

Distribution and Behavior

Closest Point of Approach

The closest point of approach (CPA) of each sighting to the observer position was calculated in a
GIS. The mean, standard deviation, and range of CPA distances to the observer were calculated within
vessel-activity bins.

As with sighting rate calculations, the calculation of mean CPA distances and subsequent
comparisons during different vessel activity states could be biased by including data from observation
periods of poor visibility or when animals may have been affected by something other than sounds
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generated by drilling, ice management, or anchor handling activities. Therefore, only sightings that met
the criteria for inclusion in the sighting rate calculations were used in the calculation of mean CPA
distances to allow for meaningful comparisons between activities and vessel types.

Movement

Animal movements relative to the vessel were grouped into five categories: swim away, swim
towards, neutral (e.g. parallel), none, or unknown. The observed movements of animals that fell into
these categories were compared between activities and vessel types.

Initial Behavior

For each sighting, an initial behavior was recorded by the PSO. Animal behavior codes included:
sink, thrash, fluke, dive, ook, log, spyhop, swim, breach, lobtail, flipper sap, blow, bow ride, porpoise,
raft, wake ride, unknown, walk, dead, and other. Activities, or a collection of behaviors that indicate an
overal behavioral state, were also included as an initial behavior if PSOs clearly observed animals
exhibiting these combinations of behaviors. Activity codes included: travel, surface active, surface
active-travel, mill, feed, mate, and rest. The initial behaviors recorded for each sighting were summarized
and compared between activities and vessel types.

Reaction Behavior

Animal reactions in response to the vessel presence or vessel activity were recorded during each
sighting. Reaction behavior codes included: change in direction, increase or decrease in speed, 100K,
splash, rush, bowride or wake ride, interactions with gear, and no reaction. The reaction behaviors of
animalsthat fell into these categories were compared between activities and vessel types.

Estimating Numbers of Marine Mammals Potentially Affected

NMFS and USFWS practices in situations with intermittent impulsive sounds like seismic pulses
has been to assume that “take by harassment” (Level B harassment) may occur if marine mammals are
exposed to received sound levels exceeding 160 dB re 1 uPa rms (NMFS 2005, 2006; USFWS 2008).
For continuous sounds, like those created by drilling and ice-management activities, Level B harassment
is assumed to occur at received levels>120 dB re 1 pParms. When calculating the number of mammals
potentially affected as described below, we used the measured 20 dB (rms) distances from sources
shownin Tables4.1 and 4.2.

Two methods were used to estimate the number of pinnipeds and cetaceans exposed to sound levels
that may have caused disturbance or other effects. The methods were:

(A) estimates based on direct observations during drilling and related support-vessel activities; and

(B) estimates based on pinniped and cetacean densities utilized in Shell’s 2012 IHA applications
(Shell 2011a,b; Appendix E) multiplied by the area ensonified to >120 dB (rms) during drilling
and ice-management activities. In the Beaufort Sea, bowhead whale densities from aeria
survey data collected during the 2012 season were used to calculate density-based exposure
estimates for this species.

Density-based exposure estimates were calculated for drilling and ice-management as prescribed
by Shell’s 2012 IHA and the subsequent authorization from NMFS of Level-B “takes’ of cetaceans and
seals from these activities. This method involved multiplying the following values:

e basa footprints of the areas ensonified by drilling and ice-management activities within each
sea during Jul-Aug and Sep—Oct.
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o expected densities of marine mammals from the best avail able data collected during the studies
summarized in Chapters 5 and 6 and Appendix E.

This density-based exposure method is a modified version of the approach originally developed to
estimate numbers of seals potentially affected by seismic surveys in the Alaskan Beaufort Sea conducted
under previous IHAs (e.g., Harris et al. 2001; Funk et al. 2008; Ireland et a. 2007a,b; Patterson et al.
2007; Reiser et d. 2010; Reiser et al. 2011).

An dternative to the density-based exposure estimates described above was considered for
bowhead whales during the fall migration period (Sep—Oct). The method is founded on estimates of the
proportion of the population that would pass within the >120 dB (rms) zone on a given day during the
migration while exploration drilling activities were occurring. Based on data in Richardson and Thomson
(2002), the number of whales expected to pass each day was estimated as a proportion of the estimated
2012 bowhead whale population. The number of whales passing each day was based on the 10-day
moving average presented by Richardson and Thomson (2002). This alternative to density-based
estimates also was used to estimate exposures from drilling sounds to bowhead whales in Shell’s 2012
Beaufort Sea IHA application (Shell 2011b; Appendix E). Like density-based estimates, this method also
assumes that no whales avoided the area of drilling activities and thus probably overestimates the number
of animals that would be exposed to drilling activities and sounds.
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5. CHUKCHI SEA VESSEL-BASED MARINE MAMMAL
MONITORING RESULTS

Monitoring Effort and Marine Mammal Encounter Results

This section summarizes the visua observer effort from the project vessels during Shell’s 2012
exploratory drilling operations in the Chukchi Sea, and does not include effort conducted during transit
from Dutch Harbor to and from the survey area (south of Point Hope, Alaska and west of Barrow,
Alaska). The survey period began when the first project vessel, the Nordica, entered the Chukchi Sea
survey area on 23 Jul 2012 and ended when the last project vessels, the Aiviq and Kulluk, departed the
areaon 14 Nov 2012. With the exception of two hours on 10 Sep, the Discoverer did not begin drilling in
the Chukchi Seain 2012 until 23 Sep through 26 Oct 2012.

The project vessels traveled a total of ~65,140 km (40,476 mi) in the Chukchi Sea during the 2012
exploratory drilling season. The drill rig Discoverer traveled atotal of ~1,186 km (737 mi). The drill rig
was moored at the Burger-A drillsite for ~900 h from ~21 Sep to 28 Oct. The Discoverer wasinvolved in
drilling activities for ~387 h (42%) of the time on prospect, which included the construction of the MLC
(See Chapter 2). The Fennica traveled atotal of ~10,293 km (6396 mi). The Tor Viking traveled a total
of ~7704 km 4787 mi). The Aiviq traveled atotal of ~3964 km (2463 mi). The Kulluk traveled a tota of
~1082 km (672 mi) through the Chukchi Sea on its way to and from its drilling location in the Beaufort
Sea. The support vessels accounted for ~40,907 km (25,418 mi) of travel in the Chukchi Sea (see
Chapter 2 for details about support vesseals).

The Discoverer, Fennica, Tor Viking, Aivig and Kulluk are classified as source vessels for the
following vessel-based PSO monitoring results. Specifically, source vessels generated sounds during
drilling, ice-management, or anchor-handling activities that were measured in the field (see Chapter 3)
and used to calculate exposure estimates to marine mammals later in this chapter. All observation effort
and marine mammal sightings data from these vessels were binned in the source-vessel category, which
included transit and standby periods. All other vessels were classified as non-source. This vessdl
classification system also was created to alow for comparisons of data between different activity states
and vessel types. The exception to this vessel classification system in the Chukchi Seais for the drill rig
Kulluk. The Kulluk only transited through the Chukchi Sea in 2012 without conducting the specific
source-vessel activities defined above; however, these small amounts of data are included here with other
source-vessel data for the sake of consistency.

Vessels other than those involved in Shell’s operations seldom passed through the project area.
Vessdls involved in Shell’s Beaufort Sea exploratory drilling operations transited through the Chukchi
Sea and are included in these data. Each ship that was not participating in the project transited well away
from exploratory drilling activities (>40 km (25 mi)) and PSOs observed no instances of harassment or
disturbance to marine mammals due to their presence.

Observer Effort

PSO effort is a systematic collection of observation records that captures the distance or amount of
time spent with at least one observer 1) actively searching for marine mammals, and 2) documenting
environmental conditions and vessel activities. For moving vessels, effort was quantified as the distance

By L.N. Bisson, H.J. Reider, H.M. Patterson, M.L. Bourdon, and C.M. Reiser (LGL)
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the vessel traveled while PSOs actively looked for marine mammals and recorded environmental and
vessel activity data. For stationary vessels, effort was quantified as the number of hours during which
PSOs actively looked for marine mammals and recorded data. The amount of effort was subdivided by
various environmental or operationa variables that may have influenced the ability of PSOs to detect
marine mammals or the actual distribution of marine mammals in the area (e.g. Beaufort wind force,
vessel activity). PSO effort was used to calculate marine mammal sighting rates in the following sections
of this chapter.

PSOs aboard the project vessels in the Chukchi Sea were on watch for a total of ~45,428 km
(~28,228 mi; 4691 h) while vessels were moving and ~5395 h while they were stationary (Fig. 5.1 and
5.2). During exploratory drilling activities PSOs were on watch during darkness for ~6095 km (~3787
mi) while vessels were moving and 1141 h while they were stationary. At least one observer was on
watch during 100% (~185 h) of daylight during exploratory drilling activities and at least two observers
were on watch for ~94% (~174 h) of daylight exploratory drilling activities. At least one observer was on
watch during 100% (~202 h) of nighttime exploratory drilling operations and two observers were on
watch for ~41% (~82 h) of nighttime exploratory drilling activities.

Observer Effort by Beaufort Wind Force

Observer effort from the project vessels occurred between Beaufort wind force (Bf) zero and Bf
seven (Fig. 5.2). The greatest amount of observer effort while moving occurred during Bf three, which
accounted for ~26% (11,717 km; 1177 h) of PSO effort aboard the project vessels (Fig. 5.3). The greatest
amount of observer effort while stationary was ~26% (1424 h) aso occurred during Bf 3 (Fig. 5.4).
Overal, ~61% (27,590 km; 2814 h) of effort while moving and ~67% (3625 h) of effort while stationary
occurred in Bf two, three, or four.

Observer Effort by Number of PSOs

On the project vessels, two PSOs were on watch during ~57% (19,211 km; 1835 h) of observation effort
while moving and ~52% (2856 h) of observation effort while stationary (Fig. 5.5 and 5.6). PSOs were
scheduled to maximize effort during daytime hours when optimum visibility conditions were likely to
maximize monitoring and mitigation efforts. Due to regulatory requirements on source vessels two PSOs
were on watch more frequently than one PSO.

Observer Effort by Vessel Activity

Exposure level takesinto consideration the entire sound field of each individual vessel and
surrounding vessels (see Chapter 4).

Most observer effort from the project vessels occurred during general vessel activities during both
moving and stationary periods (Fig 5.7 and 5.8). General vessel activities included any vessel operation
from source or non-source vessels other than anchor handling, drilling, and ice management activities.
Approximately 73% (33,463 km; 3397 h) of total moving observer effort was during genera vessel
activities, and only ~26% (11,965 km; 1295 h) of moving observer effort was during anchor handling,
drilling, and ice management activities. Approximately ~12% (5293 km; 546 h) of total moving observer
effort was during anchor handling, ~11% (5105 km; 563 h) of total moving observer effort was during
drilling activities, and ~3% (1567 km; 185 h) of total moving observer effort was during ice management
activities. Sound exposure levels in the water around moving vessels were less than 120 dB (rms) during
98% (44,692 km; 4579 h) of observation effort and between 120 and 160 dB during the remaining ~2%
(735 km; 66 h) of effort for both source and non-source vessels combined. Exposure level takes into
consideration the entire sound field of each individua vessel and surrounding vessels (see Chapter 4).
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FIGURE 5.1. Total PSO moving observation effort (km) and PSO effort during
daylight and darkness periods from project vessels during Shell's Chukchi
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FIGURE 5.2. Total PSO stationary observation effort (h) and PSO effort during
daylight and darkness periods from project vessels during Shell’'s Chukchi

exploratory drilling program, 2012.
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General vessel activities comprised ~65% (3556 h) of total stationary observer effort; ~34% (1839
h) of moving observer effort was during anchor handling, drilling, and ice management activities. Anchor
handling activities comprised ~13% (734 h) of total moving observer effort, drilling activities comprised
of ~15% (816 h) of total moving observer effort, and the last ~5% (289 h) of total moving observer effort
was during ice management activities. Sound exposure levels in the water around stationary vessels were
less than 120 dB (rms) during 85% (4580 h) of observation effort, and greater than 120 dB (rms) during
the remaining ~15% (815 h) of effort for both source and non-source vessels combined.

Marine Mammal Sightings

During the Shell exploratory drilling operations, PSOs observed atotal of 1906 sightings of 11,304
marine mammals from the project vessels. Details of each marine mammal sighting observed in the
survey area are available in Appendix G. Sighting rates from moving vessels are considered as sightings
per 1000 km and from stationary vessels as sightings per 10 h. The sighting data below are presented for
four groups: cetaceans, sedls, Pacific walruses, and polar bears.

Cetacean Sghtings

PSOs observed 581 sightings of 1179 cetaceans from the project vessds (Table 5.1).
Approximately half of cetacean sightings could not be identified to species (~55%; Table 5.1).
Diagnostic features for identifying cetaceans to species are oftentimes not easily observed from vessels.
PSOs were instructed to identify animals based on clearly observed characteristics. Comments for
unidentified cetaceans in many cases indicate probable species designations, such as characteristics
consistent with gray or bowhead whales (e.g. large body). More whales were observed from moving
vesselsthan stationary vessels.

TABLE 5.1. Total number of cetacean sightings (total number of individuals) from the project
vessels during Shell's exploratory drilling operations in the Chukchi Sea, 2012.

Total
_ Source Non-source
Species Vessels Vessels Sightings (Individuals)
Cetaceans
Beluga whale 12 0 (0) 12
Bowhead whale 45 (107) 72 (212) 117 (319)
Dall's porpoise 0 (0) 1@4) 1 (4)
Fin whale 0 (0) 1) 1 (1)
Gray whale 41 (57) 87 (199) 128 (256)
Harbor porpoise 1 (6) 0 (0) 1 (6)
Humpback whale 0 (0) 2 (6) 2 (6)
Killer whale 0 (0) 2 (5) 2 (5
Minke whale 3 (3) 7 (9) 10 (12)
Unidentified mysticete whale 77 (127) 89 (166) 166 (293)
Unidentified whale 32 (51) 120 (224) 152 (275)
Total Seals 200 (353) 381 (826) 581 (1179)
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TABLE 5.2. Number of cetacean sightings (number of individuals) from moving project vessels
during Shell's exploratory drilling operations in the Chukchi Sea, 2012.

Moving
' Source Non-source
Species Vessels Vessels Sightings (Individuals)
Cetaceans
Beluga whale 12 0 (0) 12
Bowhead whale 42 (103) 67 (205) 109 (308)
Dall's porpoise 0 (0) 1(@4) 14
Fin whale 0 (0) 1(2) 1)
Gray whale 29 (43) 63 (144) 92 (187)
Harbor porpoise 1 (6) 0 (0) 1 (6)
Humpback whale 0 (0) 2 (6) 2 (6)
Killer whale 0 (0) 2 (5) 2 (5
Minke whale 2 (2 4 (5) 6 (7)
Unidentified mysticete whale 58 (88) 69 (126) 127 (214)
Unidentified whale 21 (30) 103 (196) 124 (226)
Total Cetaceans 154 (274) 312 (692) 466 (966)

TABLE 5.3. Number of cetacean sightings (number of individuals) from stationary project
vessels during Shell’s exploratory drilling operations in the Chukchi Sea, 2012.

Stationary
_ Source Non-source

Species Vessels Vessels Sightings (Individuals)
Cetaceans

Bowhead whale 34 5@ 8 (11)

Gray whale 12 (14) 24 (55) 36 (69)

Minke whale 1) 34 4 (5)

Unidentified mysticete whale 19 (39) 20 (40) 39 (79)

Unidentified whale 11 (21) 17 (28) 28 (49)

Total Cetaceans 46 (79) 69 (134) 115 (213)
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Cetacean Sghting Rates

Cetacean sighting rates were calculated using only the periods of effort that met the criteria for
being able to reliably detect cetaceans (See Chapter 4 and Appendix C) and the sightings that occurred
during those periods. Datathat met these criteriaare presented in Parts 2 and 3 of Appendix F.

Cetacean Sighting Rates by Beaufort Wind Force — Cetacean sighting rates tended to decrease
with increased Bf wind force. Cetacean sighting rates were highest during Bf 2 for moving periods and
Bf 1 for stationary periods (Fig 5.9 and 5.10). There is a weak downward trend which could have been
influenced by effort hours in each category, although these results should be viewed with caution as there
was very little effort in Bf 0 and alimited amount of effort in Bf 1

Cetacean Sighting Rates by Number of PSOs — Regulatory requirements mandated that source
vessels, such as ice breakers and drill rigs, utilize two PSOs to monitor the water during daytime active
operations. Non-source vessels typicaly utilized one PSO during monitoring to maximize effort when
practicable. Two PSO on watch sighting rates for non-source vessels were similar to one PSO on watch
sighting rates for non-source vessels for both moving and stationary periods (Fig 5.11 and 5.12). On
watch sighting rates should be viewed with caution as they are closely linked to other variables affecting
marine mammal detection, such as Bf wind force.
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FIGURE 5.9. Cetacean sighting rates from moving vessels by Beaufort wind force during
Chukchi Sea exploratory drilling operations, 2012. Note that < 250 km of observer effort
occurred in Bf 0, which precluded meaningful inclusion. Italicized numbers indicate that the
sighting rate may not be reliable due to a limited amount of observation effort having occurred
within the category.
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FIGURE 5.10. Cetacean sighting rates from stationary vessels by Beaufort wind force during
Chukchi Sea exploratory drilling operations, 2012. Note that < 35 h of observer effort occurred in Bf
0, which precluded meaningful inclusion. Italicized humbers indicate that the sighting rate may not
be reliable due to a limited amount of observation effort having occurred within the category.

Cetacean Sighting Rates during Vessel Activity — Non-source vessels had higher sighting rates
than source vessels for cetacean sightings rates during moving and stationary periods (Fig. 5.13 and
5.14). Limited effort occurred during ice management activities so those sighting rates should be viewed
with caution (Fig. 5.13 and 5.14). Observers on stationary vessels had the highest rate of cetacean
sightings during anchor handling activities (Fig. 5.14). Anchor handling was restricted to operational
periods with low sea states. High cetacean sighting rates from source vessels during this activity likely
were related to favorable conditions for detecting cetaceans.

Cetacean Sighting Rates by Received Sound Level — PSO effort was not evenly distributed over
received sound level bins (Fig 5.15 and 5.16). Factors which contributed to this uneven distribution
include 1) sound pressure levels from activities such as drilling and ice management attenuated to less
than 160 dB over relatively short distances (see Chapter 3), 2) support vessels staged far from drill rigs as
part of Shell’s air quality permit, and 3) source vessels had short operational windows for activities that
produced sounds at this level. During stationary and moving periods when animals would have been
exposed to >120 dB (rms) and sufficient effort was recorded in these bins, one sighting was reported as
exposed to bin 159-120 dB (rms) (Fig 5.16).
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h of observer effort occurred with three PSOs on watch, which precluded meaningful
inclusion.
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FIGURE 5.13. Cetacean sighting rates from moving vessels by vessel activity during Shell’'s
Chukchi Sea exploratory drilling operations, 2012. Note that < 250 km of observer effort occurred
during source ice management, which precluded meaningful inclusion.
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Chukchi Sea exploratory drilling operations, 2012. Italicized numbers indicate that the sighting
rate may not be reliable due to a limited amount of observation effort having occurred within the
category.
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FIGURE 5.15. Cetacean sighting rates from moving vessels by received sound level for
Shell's Chukchi Sea exploratory drilling operations, 2012. NA indicates that there was
insufficient effort in the category to calculate a sighting rate.
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FIGURE 5.16. Cetacean sighting rates from stationary vessels by received sound level for
Shell's Chukchi Sea exploratory drilling operations, 2012. NA indicates that there was
insufficient effort in the category to calculate a sighting rate.
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Seal Sghtings

There were 938 seal sightings of 1386 individuals by PSOs on the project vessels (Table 5.4). 291
of these sightings occurred while project vessels were moving, and 190 of the sightings occurred while
vessels were dationary (Table 5.5 and 5.6). The mgjority of sea sightings could not be identified to
species (68%; Table 5.4). Diagnostic features for identifying seals to species are oftentimes not observed
from vessels since seal sightings tend to be brief in duration. PSOs were instructed to identify animals
based on clearly observed characteristics.

Seal Sghting Rates

Seal sighting rates were calculated using only the periods of effort that met the criteria for being
able to reliably detect seals (See Chapter 4 and Appendix C) and the sightings that occurred during those
periods.

Seal Sighting Rates by Beaufort Wind Force — Seal sighting rates from moving project vessels
were greatest during periods of Bf one (Fig. 5.17). Seal sighting rates from stationary project vessels
were also greatest during Bf one; however, there was limited observation effort for stationary non-source
vessels during Bf one so the sighting rate should be viewed with some caution. As would be expected,
most seal sightings from the project vessels occurred on days with lower average daily Beaufort wind
force (Fig. 5.17). Observation effort during Bf O daysis limited, so those sighting rates should be viewed
with some caution.

Seal Sighting Rates by Number of PSOs — While the project vessels were moving, the sed
sighting rates with two PSOs on watch were dlightly higher than sighting rates with one PSO on watch.
While project vessdls were stationary, seal sighting rates with two PSOs on watch was approximately two
times greater than with one PSO on watch.

TABLE 5.4. Total number of seal sightings (number of individuals) from the project vessels during
Shell's exploratory drilling operations, 2012.

Total
Source Non-source

Species Vessels Vessels Sightings (Individuals)
Seals

Bearded seal 54 (59) 95 (103) 149 (162)

Ringed seal 40 (41) 39 (44) 79 (85)

Spotted seal 51 (60) 17 (19) 68 (79)

Unidentified pinniped 18 (19) 37 (43) 55 (62)

Unidentified seal 318 (387) 269 (611) 587 (998)

Total Seals 481 (566) 457 (820) 938 (1386)
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TABLE 5.5. Number of seal sightings (number of individuals) from the moving project vessels during
Shell's exploratory drilling operations, 2012.

Moving
_ Source Non-source
Species Vessels Vessels Sightings (Individuals)
Seals

Bearded seal
Ringed seal

Spotted seal
Unidentified pinniped
Unidentified seal

Total Seals

28 (33)
12 (12)
28 (32)
11 (12)
212 (274)

291 (363)

40 (47) 68 (80)
21 (21) 33 (33)
11 (12) 39 (44)
31 (37) 42 (49)
224 (245) 436 (519)
327 (362) 618 (725)

TABLE 5.6. Number of seal sightings (number of individuals) from the stationary project vessels
during Shell’'s exploratory drilling operations, 2012

Stationary
_ Source Non-source
Species Vessels Vessels Sightings (Individuals)
Seals

Bearded seal
Ringed seal

Spotted seal
Unidentified pinniped
Unidentified seal

Total Seals

26 (26)
28 (29)
23 (28)
7 (7)
106 (113)

190 (203)

55 (56) 81 (83)
18 (23) 46 (53)
6 (7) 29 (35)
6 (6) 13 (13)
45 (366) 151 (479)

130 (458) 320 (661)
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FIGURE 5.17. Seal sighting rates from moving vessels by Beaufort wind force during Chukchi
Sea exploratory drilling operations, 2012. ltalicized numbers indicate that the sighting rate may
not be reliable due to a limited amount of observation effort having occurred within the category.
NA indicates that there was insufficient effort in the category to calculate a sighting rate.
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FIGURE 5.18. Seal sighting rates from stationary vessels by Beaufort wind force during
Chukchi Sea exploratory drilling operations, 2012. lItalicized numbers indicate that the
sighting rate may not be reliable due to a limited amount of observation effort having
occurred within the category.
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FIGURE 5.19. Seal sighting rates from moving vessels by number of PSOs on
watch from the project vessels during Shell's exploratory drilling operations in
the Chukchi Sea, 2012.
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FIGURE 5.20. Seal sighting rates from stationary vessels by number of PSOs on
watch from the project vessels during Shell's exploratory drilling operations in
the Chukchi Sea, 2012.
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Seal Sighting Rates by Vessel Activity— Seal sighting rates were highest during moving periods
when exposed to anchor handling (Fig. 5.21). Observers on stationary vessels observed the highest rate
of seal sightings during general vessdl activities (Fig. 5.22). Anchor handling was restricted to
operational periods with low sea states. High seal sighting rates from source vessels during this activity
likely were related to favorable conditions for detecting seals [and also the likelihood of two PSOs to be
on watch during these periods on source vessels compared to only a single observer on non-source vessals
(Fig. 5.19 and 5.20)].

Seal Sighting Rates by Received Sound Level — PSO effort was not evenly distributed over
received sound level bins (Fig. 5.23 and 5.24). Factors which contributed to this uneven distribution
include 1) sound pressure levels from activities such as drilling and ice management attenuated to less
than 160 dB over relatively short distances (see Chapter 3), 2) support vessels staged far from drill rigs as
part of Shell’s air quality permit, and 3) source vessels had short operational windows for activities that
produced sounds at this level. During stationary and moving periods when animals would have been
exposed to >120 dB (rms) and sufficient effort was recorded in these bins, few sightings were reported as
exposed to >120 dB (rms).
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FIGURE 5.21. Seal sighting rates by vessel activity from the moving project vessels during
Shell's exploratory drilling operations in the Chukchi Sea, 2012. A indicates that there was
insufficient effort in the category to calculate a sighting rate.
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FIGURE 5.22. Seal sighting rates by vessel activity from the stationary project vessels
during Shell's exploratory drilling operations in the Chukchi Sea, 2012. Italicized numbers
indicate that the sighting rate may not be reliable due to a limited amount of observation
effort having occurred within the category.
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FIGURE 5.23. Seal sighting rates by received sound level moving project vessels
during Shell's exploratory drilling operations in the Chukchi Sea, 2012. NA indicates
that there was insufficient effort in the category to calculate a sighting rate.
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FIGURE 5.24. Seal sighting rates by received sound level from stationary project
vessels during Shell's exploratory drilling operations in the Chukchi Sea, 2012. NA
indicates that there was insufficient effort in the category to calculate a sighting rate.

Pacific Walrus Sghtings

There were 338 Pacific walrus sightings of 8678 individuals observed by PSOs on the project
vessels (Table 5.7). There were 261 walrus sightings of 7306 individuals observed by PSOs on moving
vessels and 77 walrus sightings of 1372 individuals observed by PSOs on stationary vessels (Table 5.8
and 5.9). The average group size was ~ 26 walrus for moving and stationary vessels combined.

Pacific Walrus Sghting Rates

Pacific walrus sighting rates were calculated using only the periods of effort that met the criteria
for being able to reliably detect walruses (See Chapter 4 and Appendix E) and the sightings that occurred
during those periods.

TABLE 5.7. Total Number of Pacific Walrus sightings (number of individuals) from the project
vessels during Shell's exploratory drilling operations, 2012.

Total
_ Source Non-source
Species Vessels Vessels Sightings (Individuals)

Pacific walrus 184 (6058) 154 (2620) 338 (8678)
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TABLE 5.8. Number of Pacific Walrus sightings (number of individuals) from the moving project
vessels during Shell’s exploratory drilling operations, 2012.

Moving
_ Source Non-source
Species Vessels Vessels Sightings (Individuals)
Pacific walrus 128 (4928) 133 (2378) 261 (7306)

TABLE 5.9. Number of Pacific Walrus sightings (number of individuals) from the stationary project
vessels during Shell’s exploratory drilling operations, 2012.

Stationary
' Source Non-source
Species Vessels Vessels Sightings (Individuals)
Pacific walrus 56 (1130) 21 (242) 77 (1372)

Pacific Walrus Sighting Rates by Beaufort Wind Force — Pacific walrus sighting rates from
moving project vessels were greatest during Bf one, although the data showed no clear trend (Fig. 5.25).
Pacific walrus sighting rates from stationary vessels were greatest during Bf one, although these results
should be viewed with caution as there was very little effort for non-source vessels in Bf one (Fig. 5.26).
Pacific Walrus Sighting Rates by Number of PSOs — Pacific Walrus sighting rates were somewhat
greater between source and non-source vessels with one PSO on watch than two PSOs on watch during
moving and stationary periods (Fig. 5.27).

Pacific Walrus Sighting Rates by Vessel Activity — Walrus sightings rates were highest during
moving periods when exposed to anchor handling (Fig. 5.29). Observers on stationary vessels observed
the highest rate of pacific walrus sightings during ice management activities, however limited effort
occurred during ice management activities so those sighting rates should be viewed with caution (Fig.
5.30).

Walrus Sighting Rates by Received Sound Level — PSO effort was not evenly distributed over
received sound level bins. Factors which contributed to this uneven distribution include 1) sound
pressure levels from activities such as drilling and ice management attenuated to less than 160 dB over
relatively short distances (see Chapter 3), 2) support vessels staged far from drill rigs as part of Shell’s air
quality permit, and 3) source vessels had short operational windows for activities that produced sounds at
this level. During moving periods received sound levels >120 dB (rms) lacked sufficient effort required
for meaningful analysis. There was no clear trend in walrus sighting rates during stationary periods when
compared across received sound level (dB rms), however sighting rates were highest when received
sound levels were 159-120 dB (rms) (Fig. 5.32).
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FIGURE 5.25. Walrus sighting rates by Beaufort wind force from moving
project vessels during Shell's exploratory drilling operations in the
Chukchi Sea, 2012. Italicized numbers indicate that the sighting rate may
not be reliable due to a limited amount of observation effort having
occurred within the category. NA indicates that there was insufficient effort
in the category to calculate a sighting rate.
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FIGURE 5.26. Walrus sighting rates by Beaufort wind force from stationary
project vessels during Shell's exploratory drilling operations in the
Chukchi Sea, 2012. Italicized numbers indicate that the sighting rate may
not be reliable due to a limited amount of observation effort having
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FIGURE 5.27. Walrus sighting rates by the number of PSOs from moving project
vessels during Shell’s exploratory drilling operations in the Chukchi Sea, 2012.
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FIGURE 5.28. Seal sighting rates by the number of PSOs from stationary project
vessels during Shell’s exploratory drilling operations in the Chukchi Sea, 2012.
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FIGURE 5.29. Walrus sighting rates by vessel activity from moving project vessels during
Shell's exploratory drilling operations in the Chukchi Sea, 2012. NA indicates that there was
insufficient effort in the category to calculate a sighting rate.
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FIGURE 5.30. Walrus sighting rates by vessel activity from stationary project vessels during
Shell's exploratory drilling operations in the Chukchi Sea, 2012. lItalicized numbers indicate
that the sighting rate may not be reliable due to a limited amount of observation effort having
occurred within the category.
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FIGURE 5.31. Walrus sighting rates by received sound level from moving
project vessels during Shell's exploratory drilling operations in the Chukchi
Sea, 2012. NA indicates that there was insufficient effort in the category to
calculate a sighting rate.
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FIGURE 5.32. Walrus sighting rates by received sound level from
stationary project vessels during Shell's exploratory drilling operations in
the Chukchi Sea, 2012. NA indicates that there was insufficient effort in
the category to calculate a sighting rate.
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Polar Bear Sghtings

PSOs observed 49 sightings of 61 individual polar bears from the project vessels (Table 5.10).
There were 24 polar bear sightings of 35 individuals recorded by PSOs on moving vessels and 25 polar
bear sightings of 26 individuals observed by PSOs on stationary vessels (Table 5.11 and 5.12).

Polar Bear Sghting Rates

Polar bear sighting rates were calculated using only the periods of effort that met the criteria for
being able to reliably detect polar bears (See Chapter 4 and Appendix E) and the sightings that occurred
during those periods.

Polar Bear Sighting Rates by Beaufort Wind Force — Polar bear sighting rates from moving
project vessels were greatest during Bf two (Fig. 5.33). Polar bear sighting rates from stationary project
vessels were greatest during Bf one and two, although insufficient effort was recorded during Bf one for
meaningful comparison (Fig. 5.34).

Polar Bear Sighting Rates by Number of PSOs — Polar bear sighting rates were greater with two
PSOs on watch than with one PSO on watch (Fig. 5.35 and 5.36). Only one polar bear sighting was
observed with one PSO on watch during moving periods. Sighting rates were nearly four times higher
with two PSOs on watch during stationary periods (Fig. 5.36).

Polar Bear Sighting Rates by Vessel Activity — Polar bear sightings rates were highest during
moving periods when exposed to general vessdl activities. Observers on stationary vessels had the
highest rate of polar bear sightings during ice management activities, however limited effort occurred
during ice management activities so those sighting rates should be viewed with caution.

TaBLE 5.10. Total Number of Polar Bear sightings (number of individuals) from the project vessels
during Shell’'s exploratory drilling operations, 2012.

Total
Source Non-source
Species Vessels Vessels Sightings (Individuals)
Polar Bear 33 (35) 16 (26) 49 (61)

TaBLE 5.11. Number of Polar Bear sightings (number of individuals) from the moving project
vessels during Shell’s exploratory drilling operations, 2012.

Moving
Source Non-source
Species Vessels Vessels Sightings (Individuals)

Polar Bear 12 (13) 12 (22) 24 (35)
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TABLE 5.12. Number of Polar Bear sightings (number of individuals) from the stationary project
vessels during Shell’s exploratory drilling operations, 2012.

Stationary
Source Non-source
Species Vessels Vessels Sightings (Individuals)
Polar Bear 21 (22) 4 (4) 25 (26)
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FIGURE 5.33. Polar bear sighting rates by Beaufort wind force from moving project
vessels during Shell's exploratory drilling operations in the Chukchi Sea, 2012.
Italicized numbers indicate that the sighting rate may not be reliable due to a limited
amount of observation effort having occurred within the category.
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FIGURE 5.34. Polar bear sighting rates by Beaufort wind force from stationary project
vessels during Shell's exploratory drilling operations in the Chukchi Sea, 2012. ltalicized
numbers indicate that the sighting rate may not be reliable due to a limited amount of
observation effort having occurred within the category.
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FIGURE 5.35. Polar bear sighting rates by the number of PSOs from moving project vessels
during Shell's exploratory drilling operations in the Chukchi Sea, 2012.
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FIGURE 5.36. Polar bear sighting rates by the number of PSOs from stationary project
vessels during Shell’s exploratory drilling operations in the Chukchi Sea, 2012.
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FIGURE 5.37. Polar bear sighting rates by vessel activity from moving project vessels
during Shell's exploratory drilling operations in the Chukchi Sea, 2012. Italicized
numbers indicate that the sighting rate may not be reliable due to a limited amount of
observation effort having occurred within the category.
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FIGURE 5.38. Polar bear sighting rates by vessel activity from stationary project vessels
during Shell's exploratory drilling operations in the Chukchi Sea, 2012. Italicized numbers
indicate that the sighting rate may not be reliable due to a limited amount of observation
effort having occurred within the category.
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FIGURE 5.39. Polar bear sighting rates by received sound level from moving project
vessels during Shell's exploratory drilling operations in the Chukchi Sea, 2012. NA
indicates that there was insufficient effort in the category to calculate a sighting rate.
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FIGURE 5.40. Polar bear sighting rates by received sound level from
stationary project vessels during Shell's exploratory drilling operations in the
Chukchi Sea, 2012. NA indicates that there was insufficient effort in the
category to calculate a sighting rate.

Distribution and Behavior of Marine Mammals

Marine mammal behaviors and reactions were difficult to observe because individuals and/or
groups of animals typically spent most of their time below the water surface and could not be observed
for extended periods, however data collected from stationary vessels, which typically alow observers
sightings of extended duration, can offer a more accurate picture of surface behaviors than data collected
from moving vessels. The PSOs' primary duty was to implement mitigation rather than collect extensive
behavioral data. Relevant data collected include estimated closest observed point of approach (CPA),
direction of movement relative to the vessdl, initial behavior of the animal, and reaction of the animal to
the vessel presence or activity.

Closest point of Approach

The mean CPA of cetaceans, seals, Pacific walruses, and polar bears were calculated using only
sightings that occurred during periods of effort that met the criteria for reliable detection (see Chapter 4
and Appendix E).

Cetaceans

Cetacean sightings were recorded during moving and stationary vessel periods. Cetacean CPAS
during moving vessel activity ranged from 30 to 10,000 m from the observer station (Table 5.13). The
maximum allowable distance for sightings, 10,000 m, is based on the distance to the horizon from the
height of an average observer on a vessel. There were six cetacean sightings which met or possibly
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exceeded 10,000 m; al were estimated distances of cetaceans seen on the horizon. There was little
variation between CPAs from moving vessels during different vessel activities. During periods of
stationary vessel activity cetacean CPAs ranged from 100 to 8000 m (Table 5.14).

TABLE 5.13. Comparison of mean cetacean CPA distances by vessel activity from moving project
vessels during Shell's exploratory drilling operations in the Chukchi Sea, 2012. The overall mean
includes CPA distances for sightings exposed to all four vessel activities.

Moving Vessel Activity! Mean CPA® (m) s.d. Range (m) n
Anchor Handling 2103 2082 50-10000 51
Drilling Activities 1526 1467 100-8500 47
Ice Management 2153 1199 875 11
General Vessel Activities 2002 2038 30-14400 279

Total 1962 1966 30-14400 388

& CPA=Closest Point of Approach.

TABLE 5.14. Comparison of mean cetacean CPA distances by vessel activity from stationary
project vessels during Shell’s exploratory drilling operations in the Chukchi Sea, 2012. The
overall mean includes CPA distances for sightings exposed to all four vessel activities during
stationary periods.

Stationary Vessel Activity Mean CPA? (m) s.d. Range (m) n
Anchor Handling 3161 1892 212-7593 22
Drilling Activities 1816 1448 300-5128 9
Ice Management 875 - 875 1
General Vessel Activity 2818 2262 100-8000 74

Total 2786 2140 100-8000 106

# CPA=Closest Point of Approach.

Seals

The mean CPA for seals observed from moving project vessels was greater than the CPA for seals
from stationary project vessels. Seals regularly approached stationary vessels such as the Discoverer and
some seals maintained their close position for several days. CPASs ranged from 9 to 5031 m for moving
vessels and 0 to 4500 m for stationary vessels (Table 5.15 and 5.16). The closest point of approach for all
project vessels in the Chukchi Seawas a brief seal sighting in the moon pool of Discoverer, recorded as <
1 m distance from the vessel.
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TABLE 5.15. Comparison of mean seal CPA distances by vessel activity from moving project
vessels during Shell’'s exploratory drilling operations in the Chukchi Sea, 2012. The overall mean
includes CPA distances for sightings exposed to all four vessel activities during moving periods.

Moving Vessel Activity[l Mean CPA? (m) s.d. Range (m) n
Anchor Handling 500 663 20-4000 82
Drilling Activities 225 358 20-2173 47
Ice Management 124 132 20410 10
General Vessel Activities 404 553 9-5031 340

Total 397 557 9-5031 479

& CPA=Closest Point of Approach.

TABLE 5.16. Comparison of mean seal CPA distances by vessel activity from stationary project
vessels during Shell’'s exploratory drilling operations in the Chukchi Sea, 2012. The overall mean
includes CPA distances for sightings exposed to all four vessel activities during stationary

periods.

Stationary Vessel Activity Mean CPA? (m) s.d. Range (m) n
Anchor Handling 205 477 0-2500 29
Drilling Activities 143 131 20-400 13
Ice Management 154 159 10-600 14
General Vessel Activity 296 457 10-4500 195

Total 270 438 0-4500 251

# CPA=Closest Point of Approach.

Pacific Walruses

CPAs of Pacific walrus on ice and in water were considered separately because regulatory
requirements were different for each of these situations as were their sightability by PSOs. Walruses
were more easily detected on ice than in the water. Mean CPA for walruses observed from moving
vessels was 4.9 times greater than the mean CPA for walruses observed in water (Table 5.17 and 5.18).
Mean CPA for walruses observed from stationary vessels was 9.9 times greater than the mean CPA for
walruses observed in water (Table 5.19 12nd 5.20). There was only one walrus in the water seen during
ice management. The mean CPA for walruses on ice during ice management was 5440 m; ice
management activities were primarily scouting and monitoring and vessels were instructed to maintain a
distance of 800 m (0.5 mi) from walruses on ice.

The mean CPA for walruses observed in water from stationary vessels during drilling activities was
69 m (Table 5.19). The closest approach of a walrus to a project vessel in the Chukchi was a juvenile
walrus which approached the Tor Viking and physically contacted the vessel many times, probably
attempting to haul out on the vessel.




5-34 Monitoring in the Chukchi and Beaufort seas for Shell, 2012

TABLE 5.17. Comparison of mean walrus CPA distances in water by vessel activity from moving
project vessels during Shell’s exploratory drilling operations in the Chukchi Sea, 2012. The
overall mean includes CPA distances for sightings exposed to all four vessel activities during
moving periods.

Moving Vessel Activity(l Mean CPA? (m) s.d. Range (m) n
Anchor Handling 599 503 50-1500 22
Drilling Activities 640 1052 15-3560 11
Ice Management 50 - 50-50 1
General Vessel Activities 742 786 30-5000 119

In Water Total 710 770 15-5000 153

@ CPA=Closest Point of Approach.

TABLE 5.18. Comparison of mean walrus CPA distances on ice by vessel activity from moving
project vessels during Shell’s exploratory drilling operations in the Chukchi Sea, 2012. The
overall mean includes CPA distances for sightings exposed to all four vessel activities during
moving periods.

Moving Vessel Activity[ Mean CPA? (m) s.d. Range (m) n
Anchor Handling 4564 2535 1000-7000 4
Drilling Activities 3559 1151 2173-5000 9
Ice Management 5440 2434 3000-8000 4
General Vessel Activities 2927 1433 913-6480 23

On Ice Total 3484 1754 913-8000 40

& CPA=Closest Point of Approach.

TABLE 5.19. Comparison of mean Pacific walrus CPA distances in water by vessel activity from
stationary project vessels during Shell's exploratory drilling operations in the Chukchi Sea, 2012.
The overall mean includes CPA distances for sightings exposed to all four vessel activities during
stationary periods.

Stationary Vessel Activity Mean CPA? (m) s.d. Range (m) n
Anchor Handling 1188 583 775-1600 2
Drilling Activities 69 24 50-100 4
Ice Management 1125 1199 300-2500 3
General Vessel Activity 485 747 5-3256 22

Total 539 769 5-3256 31

& CPA=Closest Point of Approach.
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TABLE 5.20. Comparison of mean Pacific walrus CPA distances on ice by vessel activity from
stationary project vessels during Shell’'s exploratory drilling operations in the Chukchi Sea, 2012.

The overall mean includes CPA distances for sightings exposed to all four vessel activities during
stationary periods.

Stationary Vessel Activity Mean CPA? (m) s.d. Range (m) n
Anchor Handling 7000 - 7000-7000 1
Drilling Activities 6264 - 6264—6264 1
Ice Management 5456 2240 2444-8268 10
General Vessel Activity 4487 2628 1943-10000 8

Total 5186 2324 1943-10000 20

& CPA=Closest Point of Approach.

Polar Bears

CPAs of polar bears on ice and in water were considered separately because regulatory
requirements differ for each of these situations as does the sightability of polar bears by PSOs. As with
Pacific walruses, polar bears were more easily detected on ice than in the water and vessels were
requested to maintain an 800 m (0.5 mi) distance from polar bears on ice. Mean CPA for polar bearsin
water CPAs ranged from 50 to 1610 m for moving vessels and 0 to 1401 m for stationary vessels (Table
5.21 and 5.23). Polar Bears on ice was over 3 times farther for moving vessels and over 7 times farther
for stationary vessels (Table 5.22 and 5.24) than it was for animals seen in the water. In several instances

polar bears approached both moving and stationary vessels, and one polar bear (CPA of 0 m) touched the
hull of the Discoverer with its forepaw.

TABLE 5.21. Comparison of mean polar bear CPA distances in water by vessel activity from
moving project vessels during Shell's exploratory drilling operations in the Chukchi Sea, 2012.

The overall mean includes CPA distances for sightings exposed to all four vessel activities during
moving periods.

Moving Vessel Activity[ Mean CPA? (m) s.d. Range (m) n
Anchor Handling 1610 - 1610 1
Drilling Activities -- - - -
Ice Management 50 - 50 1

General Vessel Activities -

In Water Total 830 1103 50-1610 2

& CPA=Closest Point of Approach.
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TABLE 5.22 Comparison of mean polar bear CPA distances in ice by vessel activity from moving
project vessels during Shell's exploratory drilling operations in the Chukchi Sea, 2012. The
overall mean includes CPA distances for sightings exposed to all four vessel activities during
moving periods.

Moving Vessel Activity[l Mean CPA? (m) s.d. Range (m)

=)

Anchor Handling - - - -
Drilling Activities -- - - -

Ice Management 3082 1863 993-6000 7
General Vessel Activities 3329 1955 200-5880 7
On Ice Total 3206 1839 200-6000 14

& CPA=Closest Point of Approach.

TABLE 5.23. Comparison of mean polar bear CPA distances in water by vessel activity from
stationary project vessels during Shell's exploratory drilling operations in the Chukchi Sea, 2012.
The overall mean includes CPA distances from all four vessel activities.

Stationary Vessel Activity Mean CPA® (m) s.d. Range (m) n
Anchor Handling 150 212 0-300 2
Ice Management 400 495 50-750 2
General Vessel Activity 540 476 40-1401 6

Total 434 429 0-1401 10

& CPA=Closest Point of Approach.

TABLE 5.24. Comparison of mean polar bear CPA distances on ice by vessel activity from
stationary project vessels during Shell’'s exploratory drilling operations in the Chukchi Sea, 2012.
The overall mean includes CPA distances from all four vessel activities.

Stationary Vessel Activity Mean CPA? (m) s.d. Range (m) n

Ice Management 2543 1961 493-5773 7
Anchor Handling - - - -
General Vessel Activity 4170 2790 1088-7000 4
Total 3134 2306 493-7000 11

@ CPA=Closest Point of Approach.
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Movement
Cetaceans

There were 581 cetacean sightings, 466 from moving vessels and 115 from stationary vessels
(Table 5.1). The large distances at which most cetaceans were initialy detected from vessels made it
difficult to observe directions of movement, and predictably, the most common movements of cetaceans
are neutral and unknown. Of cetacean sightings from moving vessels, ~44% of sightings had either no
observed movement or neutral movement relative to the vessel and ~29% of movement was unknown
(Table 5.25). Approximately 47% of cetacean sightings from stationary vessels had either no observed
movement or neutral movement relative to the vessel and ~31% of movement was unknown (Table 5.26).
Swim away was the next most common movement relative to the vessel with ~18% of sightings from
moving vessels and ~16% of sightings from stationary vessel s exhibiting this movement.

TABLE 5.25. Number of cetacean sightings within categories of movement relative to moving vessels
during Shell's exploratory drilling operations in the Chukchi Sea, 2012.

Movement Relative to Vessel

Swim
Vessel Activity Neutral None Swim Away Towards  Unknown Totals
Anchor Handling 37 1 11 2 13 64
Drilling Activities 29 - 9 5 13 56
Ice Management 5 1 1 3 3 13
General Vessel Activities 120 10 67 27 109 333
Total 191 12 88 37 138 466

TABLE 5.26. Number of cetacean sightings within categories of movement relative to stationary vessels
during Shell's exploratory drilling operations in the Chukchi Sea, 2012.

Movement Relative to Vessel

Swim
Vessel Activity Neutral None Swim Away Towards Unknown Totals
Anchor Handling 8 - 5 - 9 22
Drilling Activities 4 - 1 4 9
Ice Management 2 - -- -- 2
General Vessel Activities 37 3 13 6 23 82
Total 51 3 18 7 36 115

Seals

There were 938 seal sightings, 618 sightings from moving vessels and 320 sightings from
stationary vessels (Table 5.4) . The most commonly observed movements of seals relative to vessels were
unknown, neutral, and swim away, for sightings from both moving and stationary vessels. Observers on
moving vessels recorded ~35% unknown movement, ~28% neutral, and ~17% swim away (Table 5.27).
Observers on stationary vessels recorded ~32% unknown movement, ~27% neutral, and ~19% swim
away (Table5.28).
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TABLE 5.27. Number of seal sightings within categories of movement relative to vessels by vessel activity
from moving project vessels during Shell's exploratory drilling operations in the Chukchi Sea, 2012.

Movement Relative to Vessel

Swim
Vessel Activity Neutral None Swim Away Towards Unknown Totals
Anchor Handling 27 3 16 6 43 95
Drilling Activities 16 2 12 6 17 53
Ice Management 3 7 3 1 2 16
General Vessel Activities 129 41 75 55 154 454
Total 175 53 106 68 216 618

TABLE 5.28. Number of seal sightings within categories of movement relative to vessels by vessel activity
from stationary project vessels during Shell’s exploratory drilling operations in the Chukchi Sea, 2012.

Movement Relative to Vessel

Swim
Vessel Activity Neutral None Swim Away Towards Unknown Totals
Anchor Handling 11 1 4 4 12 32
Drilling Activities 4 2 2 2 10 20
Ice Management 5 2 3 4 4 18
General Vessel Activities 66 24 53 31 76 250
Total 86 29 62 41 102 320

Pacific Walruses

Observers recorded 338 total sightings of Pacific walruses, 261 sightings from moving vessels
and 77 sightings from stationary vessels in the Chukchi Sea (Table 5.7). The most common movements
of walruses observed from moving vessels were neutral and swim away, at ~34% and ~32% of movement
respectively (Table 5.29). The most common movements of walruses observed from stationary vessels
were neutral (~29%) and none (~27%) (Table 5.30). However, many of the walrus sightings were of
large groups (26 individuals per sighting on average) and these results should be viewed with caution due
to difficulties inherent in ascribing a single movement to alarge group of animals.
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TABLE 5.29. Number of Pacific walrus sightings within categories of movement relative to vessels by
vessel activity from moving project vessels during Shell's exploratory drilling operations in the Chukchi
Sea, 2012.

Movement Relative to Vessel

Swim
Vessel Activity Neutral None Swim Away Towards Unknown Totals
Anchor Handling 13 5 3 4 5 30
Drilling Activities 8 2 17 3 2 32
Ice Management 1 4 - - - 5
General Vessel Activities 66 18 63 12 35 194
Total 88 29 83 19 42 261

TaBLE 5.30. Number of Pacific walrus sightings within categories of movement relative to vessels by
vessel activity from stationary project vessels during Shell’'s exploratory drilling operations in the Chukchi
Sea, 2012.

Movement Relative to Vessel

Swim
Vessel Activity Neutral None Swim Away Towards Unknown Totals
Anchor Handling 6 2 1 - 1 10
Drilling Activities 2 2 1 2 3 10
Ice Management 1 9 1 2 - 13
General Vessel Activities 13 8 10 6 7 44
Total 22 21 13 10 11 77

Polar Bears

There was a totd of 49 polar bear sightings recorded, 24 sightings from moving vessels and 25
sightings from stationary vessels (Table 5.10). The most common movement type observed from both
moving and stationary vessels was “no observed movement” (Table 5.31 and 5.32). These sightings were
primarily of resting polar bears on ice. The two records of a “swim towards’ movement were recorded
from moving vessels and involved the same individual polar bear approaching both the Fennica and Tor
Viking. Both times the vessels were moving slowly away (>2 knots) and eventually outdistanced the
swimming bear. One of the polar bear sightings exhibiting “swim towards’ movement was recorded by
the Discoverer and discussed previoudly as the polar bear which touched the vessel with its forepaw, and
the other two bears approached the Fennica while it was in dynamic positioning. Pack ice was at least 10
km away in all instances of polar bears approaching project vesselsin the Chukchi Sea.
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TABLE 5.31. Number of polar bear sightings within categories of movement relative to vessels by vessel
activity from moving project vessels during Shell's exploratory drilling operations in the Chukchi Sea,
2012.

Movement Relative to Vessel

Swim
Vessel Activity Neutral None Swim Away Towards Unknown Totals
Anchor Handling 1 - - - - 1
Drilling Activities - - - -- -- --
Ice Management 1 10 1 2 1 15
General Vessel Activities - 6 2 - - 8
Total 2 16 3 2 1 24

TABLE 5.32. Number of polar bear sightings within categories of movement relative to vessels by vessel
activity from stationary project vessels during Shell's exploratory drilling operations in the Chukchi Sea,
2012.

Movement Relative to Vessel

Swim
Vessel Activity Neutral None Swim Away Towards Unknown Totals
Anchor Handling 1 1 1 1 - 4
Ice Management 3 8 - - - 11
General Vessel Activities 4 1 3 2 - 10
Total 8 10 4 3 - 25

Initial Behavior
Cetaceans

The large distances at which most cetaceans were initially detected from vessels make it difficult
to observe specific behaviors compared to pinnipeds. “Blow” was the most frequently recorded initial
behavior from moving and stationary vessels, comprising ~68% and ~66% of moving and stationary
vessel records respectively (Table 5.33 and 5.34). Other initial behaviors were recorded in much
smaller numbers. The five most common initial behaviors are shown in the tables below, however
many other behaviors were observed during the season. Observers on moving vessels observed breach,
feed, flipper slap, log, mill, surface active, surface active travel, porpoise, and unknown behaviors in
addition to those shown below. Observers on stationary vessels observed cetaceans exhibit log, mill,
surface active, and surfac