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INTRODUCTION
Shell Offshore Inc. (Shell) submits the following Marine Mammal Monitoring and Mitigation
Program (4MP) for exploration drilling activities in Camden Bay in the Beaufort Sea during the
2012 open-water season. The 4MP developed for Shell’s exploration drilling program is
designed to protect the marine mammal resources in the area, fulfill reporting obligations to the
Bureau of Ocean Energy Management, Regulation and Enforcement (BOEMRE), the National
Marine Fisheries Service (NMFS), and the U.S. Fish and Wildlife Service (USFWS), and
establish a means for gathering additional data on marine mammals for future operations
planning.
Shell plans to conduct exploration drilling within existing lease holdings in Camden Bay of the
Beaufort Sea. One drilling vessel, either the conical drilling unit Kulluk (Kulluk) owned by Shell,
or the drillship Motor Vessel (M/V) Noble Discoverer (Discoverer) owned and operated by Noble
Drilling will be used in the Beaufort Sea during the 2012 exploration drilling activities, but not
both. The Kulluk is an ice-class drilling platform designed, engineered and constructed to safely
operate in the Arctic. The Discoverer is an ice-class drillship also designed, engineered and
constructed to safely operate in the Arctic. In addition to the drilling equipment, several support
vessels will be used. The support vessels will include tugs and barges, a primary ice management
vessel, an anchor handler/ice management vessel, resupply vessels, and oil spill response vessels.
At the completion of each well a zero-offset vertical seismic profile (ZVSP) likely will be
conducted. During ZVSP surveys, an airgun array is deployed adjacent to the drillship, while
receivers are placed (temporarily anchored) in the wellbore. The sound source (airgun array) is
fired repeatedly, and the reflected sonic waves are recorded by receivers (geophones) located in
the wellbore. The survey will last 10-14 hours as the receivers are moved through the length of
the wellbore and the airguns are fired 5-7 times after each movement. The purpose of the ZVSP
is to gather geophysical information at various depths, which can then be used to tie-in or groundtruth geophysical information from the previous seismic surveys with geological data collected
within the wellbore.
Shell’s 4MP is a combination of active monitoring of the area of operations and the implementation of
mitigation measures designed to minimize project impacts to marine resources. Monitoring will
provide information on the numbers of marine mammals potentially affected by the exploration
operations and facilitate real time mitigation to prevent injury of marine mammals by industrial
sounds or activities. These goals will be accomplished by conducting vessel-based, aerial, and
acoustic monitoring programs to document the potential reactions of marine mammals in the area
to the various sounds and activities and to characterize the sounds produced by the exploration
drilling activities, support vessels, and ZVSP.
Monitoring during exploration drilling activity and periods when exploration drilling activity is
not occurring will provide information on the numbers of marine mammals potentially affected
by the exploration operations and facilitate real time mitigation to prevent impacts to marine
mammals by industrial sounds or activities. Vessel-based marine mammal observers (MMOs)
onboard the Kulluk or Discoverer and all support vessels will record the numbers and species of
marine mammals observed in the exploration area and any observable reaction of marine
mammals to the exploratory activities. Aerial monitoring, designed primarily for detecting
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cetaceans, will be used to identify any large scale distributional changes of cetaceans relative to
the activities and add to the existing database on the abundance and distribution of observed
species. The acoustic program will characterize the sounds produced by the exploration drilling
activities and support vessels, and document the potential reactions of marine mammals in the
area, particularly bowhead whales, to those sounds and activities.

VESSEL-BASED MARINE MAMMAL MONITORING PROGRAM
Introduction
The vessel-based operations of Shell’s 4MP are designed to meet the requirements of the
Incidental Harassment Authorization (IHA) and Letter of Authorization (LOA) requested from
NMFS and USFWS, respectively, for this project, and to meet any other stipulated agreements
between Shell and other agencies or groups. The objectives of the program will be:


to ensure that disturbance to marine mammals and subsistence hunts is minimized and all
permit stipulations are followed;



to document the effects of the proposed exploratory activities on marine mammals; and



to collect data on the occurrence and distribution of marine mammals in the study area.

The 4MP will be implemented by a team of experienced MMOs, including both biologists and
Inupiat personnel. MMOs will be stationed aboard the Kulluk or Discoverer and associated
support vessels throughout the exploration drilling period. Reporting of the results of the vesselbased monitoring program will include the estimation of the number of “takes” as stipulated in
the IHA and LOA.
The vessel-based portion of Shell’s 4MP will be required to support the exploration drilling
activities in the eastern Alaskan Beaufort Sea. The dates and operating areas will depend upon
ice and weather conditions, along with Shell’s arrangements with agencies and stakeholders.
Exploration drilling activities are expected to begin July 10 through October 31, 2012. Vesselbased monitoring for marine mammals will begin 5–7 days before exploration drilling begins (i.e.
anchors are deployed); will continue throughout the period of exploration drilling operations, and
will cease 5-7 days after exploration drilling stops (i.e. anchors are pulled) to comply with
anticipated provisions in the IHA and LOA that Shell expects to receive from NMFS and
USFWS.
The vessel-based work will provide:


the basis for real-time mitigation, if necessary, as required by the various permits that
Shell receives;



information needed to estimate the number of “takes” of marine mammals by harassment,
which must be reported to NMFS and USFWS;



data on the occurrence, distribution, and activities of marine mammals in the areas where
the exploration drilling program is conducted;



information to compare the distances, distributions, behavior, and movements of marine
mammals relative to the Kulluk or Discoverer at times with and without exploration
drilling activity;
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a communication channel to coastal communities including Inupiat whalers; and



employment and capacity building for local residents, with one objective being to
develop a larger pool of experienced Inupiat MMOs.

The 4MP will be operated and administered consistent with monitoring programs conducted
during seismic and shallow hazards surveys in 2006–2010 or such alternative requirements as
may be specified in the IHA and LOA received from NMFS and USFWS, respectively for this
project. Any other stipulated agreements between Shell and agencies or groups such as
BOEMRE, the North Slope Borough (NSB), and the Alaska Eskimo Whaling Commission
(AEWC) will also be fully incorporated. All MMOs will be provided training through a program
approved by NMFS, USFWS (if so stipulated) and Shell, as described later. At least one observer
on each vessel will be an Inupiat who will have the additional responsibility of communicating
with coastal communities and directly with Inupiat whalers during the whaling season. Details of
the vessel-based marine mammal monitoring program are described below.

Mitigation Measures During Exploration Drilling Activities and Zero-Offset
Vertical Seismic Profile Surveys
Shell’s planned offshore exploration drilling program incorporates both design features and
operational procedures for minimizing potential impacts on marine mammals and on subsistence
hunts. The design features and operational procedures of the mitigation measures have been
described in the IHA (Section 12 of the IHA application to which this 4MP is appended) and
LOA applications submitted to NMFS and USFWS respectively, and are not repeated in entirety
here. Survey design features include:


timing and locating some exploration drilling and support activities to avoid interference
with the annual fall bowhead whale hunts from Kaktovik, Nuiqsut (Cross Island), and
Barrow;



identifying transit routes and timing to avoid other subsistence use areas and
communicate with coastal communities before operating in or passing through these
areas;



conducting pre-season sound propagation modeling to establish the appropriate safety
and behavioral radii;



vessel-based monitoring to implement appropriate mitigation if necessary, and to
determine the effects of project activities on marine mammals;



acoustic monitoring of the Kulluk and vessel sounds and marine mammal vocalizations;
and



seismic activity mitigation measures during performance of ZVSP surveys.

The potential disturbance of marine mammals during operations will be minimized further
through the implementation of several vessel-based mitigation measures (see Section 12 of the
IHA application to which this 4MP is appended) if mitigation becomes necessary.
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Safety and Disturbance Zones
Under current NMFS guidelines (e.g., NMFS 2000), “safety radii” for marine mammals around
industrial sound sources are customarily defined as the distances within which received sound
levels are ≥180 decibels (dB) re 1 micropascal (µPa) root mean square (rms) for cetaceans and
≥190 dB re 1 µPa rms for pinnipeds. These safety criteria are based on an assumption that sound
energy received at lower received levels will not injure these animals or impair their hearing
abilities, but that higher received levels might have some such effects. Disturbance or behavioral
effects to marine mammals from underwater sound may occur after exposure to sound at
distances greater than the safety radii (Richardson et al. 1995). NMFS assumes that marine
mammals exposed to underwater impulsive sounds at received levels 160 dB rms have the
potential to exhibit behavioral reactions great enough to meet the definition of “harassment” in
the Marine Mammal Protection Act (MMPA). For continuous sounds NMFS has established a
similar disturbance threshold at ≥120 dB rms.

Exploration Drilling Activities
Initial safety and behavioral radii for the sound levels produced by the exploration drilling
activities have been modeled. These radii will be used for mitigation purposes should they be
necessary until direct measurements are available early during the exploration activities.
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 µPa at 1 meter (m). These measurements were used as a proxy for
modeling the sounds likely to be produced by exploration drilling activities from the Kulluk.
Based on the models, source levels from exploration drilling are expected to fall below 180 dB
rms approximately (~)43 ft (13 m) from the Kulluk. The 160 dB rms radius would extend ~180 ft
(55 m) from the Kulluk and the 120 dB rms radius would be expected to be ~8 mi (~13 kilometer
[km]) from the Kulluk.
Sounds from the Discoverer have not previously 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 and Beaufort seas (Warner and Hannay 2011). Broadband source levels of sounds
produced by the Discoverer varied by activity and direction from the ship, but were generally
between 177 and 185 dB re 1 µPa at 1 m rms (Austin and Warner 2010). Propagation modeling
at the Sivulliq and Torpedo prospects yielded somewhat different results, with sounds expected to
propagate shorter distances at the Sivulliq site (Warner and Hannay 2011). As a precautionary
approach, the larger distance to which sounds ≥120 dB (2.06 mi [3.32 km]) are expected to
propagate at the Torpedo site have been used to estimate the area of water potentially exposed at
both locations. The estimated 2.06 mi (3.32 km) distance was multiplied by 1.5 (= 3.09 mi [4.98
km]) as a further precautionary measure before calculating the total area that may be exposed to
continuous sounds ≥120 dB re 1 µPa rms by the Discoverer at each drill site. Assuming one well
will be drilled in each season (summer and fall), the total area of water ensonified to ≥120 dB rms
in each season would be 30 mi2 (78 square kilometers [km2]).
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The source levels noted above for exploration drilling and support vessel activities are not high
enough to cause a temporary reduction in hearing sensitivity or permanent hearing damage to
marine mammals. Consequently, mitigation as described for seismic activities including ramp
ups, power downs, and shut downs should not be necessary for exploration drilling activities, but
will be employed during the ZVSP survey described below. Shell plans to use MMOs onboard
the Kulluk or Discoverer and the various support vessels to monitor marine mammals and their
responses to industry activities and to initiate mitigation measures should in-field measurements
of the operations indicate conditions represent a threat to the health and well-being of marine
mammals.

ZVSP Surveys
The sound source to be used by Shell for the ZVSP survey in 2012 is the ITAGA eight-airgun
array, which consists of four 150 cubic inches (in3) (2,458 cubic meters [cm3]) airguns and four
40 in3 (655 cm3) airguns. These airguns can be activated in any combination and Shell would
utilize the minimum airgun volume required to obtain an acceptable signal. A similar airgun
source was used in the region in 2008 during the BP Liberty seismic survey. Preseason estimates
of the propagation of airgun sounds from the ITAGA vertical seismic profiler (VSP) sound source
have been estimated based on the measurements of the seismic source reported in BP’s 90-day
report (Aerts et al. 2008). The BP liberty source was also an eight-airgun array, but had a slightly
larger total volume of 880 in3 (14,421 cm3). Because the number of airguns is the same, and the
difference in total volume only results in an estimated 0.4 dB decrease in the source level of the
ZVSP source, the 100th percentile propagation model from the measurements of the BP Liberty
source is almost directly applicable. However, the BP Liberty source was towed at a depth of
5.9 ft (1.8 m), while the ZVSP source will be lowered to a target depth of 13 ft (4 m) (from
10-23 ft [3-7 m]). The lower depth of the ZVSP source has the potential to increase the source
strength by as much as 6 dB. Thus, the constant term in the propagation equation from the BP
Liberty source has been increased from 235.4 to 241.4 while the remainder of the equation (18*LogR – 0.0047*R) has been left unchanged. This equation results in the following estimated
distances to maximum received levels: 190 dB = 1,719 ft (524 m); 180 dB = 4,068 ft (1,240 m);
160 dB = 12,041 ft (3,670 m); 120 dB = 34,449 ft (10,500 m).
MMOs on the Kulluk or Discoverer will initially use these estimated safety radii for monitoring
and mitigation purposes. An acoustics contractor will perform direct measurements of the
received levels of underwater sound versus distance and direction from the ZVSP array using
calibrated hydrophones. The acoustic data will be analyzed as quickly as reasonably practicable
(within 5 days) in the field and used to verify (and if necessary adjust) the safety distances. The
mitigation measures to be implemented will include pre-ramp up watches, ramp ups, power
downs and shut downs as described below.

Ramp Ups
A ramp up of an airgun array provides a gradual increase in sound levels, and involves a stepwise increase in the number and total volume of airguns firing until the full volume is achieved.
The purpose of a ramp up (or “soft start”) is to “warn” cetaceans and pinnipeds in the vicinity of
the airguns and to provide the time for them to leave the area and thus avoid any potential injury
or impairment of their hearing abilities.
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During the proposed ZVSP surveys, the operator will ramp up the airgun arrays slowly. Full
ramp ups (i.e., from a cold start when no airguns have been firing) will begin by firing a single
airgun in the array. A full ramp up will not begin until there has been a minimum of 30 minutes
of observation of the safety zone by MMOs to assure that no marine mammals are present. The
entire safety zone must be visible during the 30-minutes lead-in to a full ramp up. If the entire
safety zone is not visible, then ramp up from a cold start cannot begin. If a marine mammal(s) is
sighted within the safety zone during the 30-minutes watch prior to ramp up, ramp up will be
delayed until the marine mammal(s) is sighted outside of the safety zone or the animal(s) is not
sighted for at least 15-30 minutes: 15 minutes for small odontocetes and pinnipeds, or
30 minutes for baleen whales and large odontocetes.

Power Downs and Shut Downs
A power down is the immediate reduction in the number of operating energy sources from all
firing to some smaller number. A shut down is the immediate cessation of firing of all energy
sources. The arrays will be immediately powered down whenever a marine mammal is sighted
approaching close to or within the applicable safety zone of the full arrays, but is outside the
applicable safety zone of the single source. If a marine mammal is sighted within the applicable
safety zone of the single energy source, the entire array will be shut down (i.e., no sources firing).

Marine Mammal Observers
Vessel-based monitoring for marine mammals will be done by trained MMOs throughout the
period of exploration drilling operations to comply with expected provisions in the IHA and LOA
that Shell receives. The observers will monitor the occurrence and behavior of marine mammals
near the Kulluk or Discoverer during all daylight periods during operation, and during most
daylight periods when exploration drilling operations are not occurring. MMO duties will include
watching for and identifying marine mammals; recording their numbers, distances, and reactions
to the exploration drilling operations; and documenting “take by harassment” as defined by
NMFS.

Number of Observers
A sufficient number of MMOs will be required onboard each vessel to meet the following
criteria:


100% monitoring coverage during all periods of exploration drilling operations in
daylight;



maximum of 4 consecutive hours on watch per MMO; and



maximum of ~12 hours of watch time per day per MMO.

MMO teams will consist of Inupiat observers and experienced field biologists. An experienced
field crew leader and an Inupiat observer will be members of every MMO team onboard the Kulluk
or Discoverer and each support vessel during the exploration drilling program. The total number of
MMOs may decrease later in the season as the duration of daylight decreases assuming NMFS
does not require continuous nighttime monitoring. Inupiat MMOs will also function as Native
language communicators with hunters and whaling crews and with the Communications and Call
Centers (Com Centers) in Native villages along the Beaufort Sea coast.
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Crew Rotation
Shell anticipates that there will be provision for crew rotation at least every three to six weeks to
avoid observer fatigue. During crew rotations detailed hand-over notes will be provided to in
incoming crew leader by the outgoing leader. Other communications such as email, fax, and/or
phone communication between the current and oncoming crew leaders during each rotation will
also occur when possible. In the event of an unexpected crew change Shell will facilitate such
communications to insure monitoring consistency among shifts.

Observer Qualifications and Training
Crew leaders and most other biologists serving as observers in 2012 will be individuals with
experience as observers during one or more of the 1996-2010 seismic or shallow hazards
monitoring projects in Alaska, the Canadian Beaufort, or other offshore areas in recent years.
Biologist-observers will have previous marine mammal observation experience, and field crew
leaders will be highly experienced with previous vessel-based marine mammal monitoring
projects. Resumés for those individuals will be provided to NMFS so that NMFS (and USFWS if so
stipulated) can review and accept their qualifications. Inupiat observers will be experienced in the
region, familiar with the marine mammals of the area, and complete a NMFS approved (and USFWS
if so stipulated) observer training course designed to familiarize individuals with monitoring and data
collection procedures. A MMO handbook, adapted for the specifics of the planned Shell exploration
drilling program, will be prepared and distributed beforehand to all MMOs (see below).
Most observers, including Inupiat observers, will also complete a two-day training and refresher
session on marine mammal monitoring, to be conducted shortly before the anticipated start of the
2012 drilling season. Any exceptions will have or receive equivalent experience or training. The
training session(s) will be conducted by qualified marine mammalogists with extensive crew-leader
experience during previous vessel-based seismic monitoring programs.
Primary objectives of the training include:


review of the 4MP for this project, including any amendments specified by NMFS or
USFWS in the IHA or LOA, by BOEMRE, or by other agreements in which Shell may
elect to participate;



review of marine mammal sighting, identification (photographs and videos), and distance
estimation methods including any amendments specified by NMFS or USFWS in the
2012 IHA or LOA;



review of operation of specialized equipment (reticle binoculars, night vision devices,
and GPS system);



review of, and classroom practice with, data recording and data entry systems, including
procedures for recording data on mammal sightings, monitoring operations,
environmental conditions, and entry error control. These procedures will be implemented
through use of a customized computer database and laptop computers; and



review of the specific tasks of the Inupiat Communicator.
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MMO Handbook
A MMO Handbook will be prepared for Shell’s monitoring program. The handbook will contain
maps, illustrations, and photographs, as well as copies of important documents, and descriptive
text intended to provide guidance and reference information to trained MMOs. The following
topics will be covered in the MMO Handbook for the Shell project:


summary overview description of the project, marine mammals and underwater noise, the
4MP (vessel-based, aerial, acoustic measurements, special studies), the NMFS IHA and
USFWS LOA and other regulations/permits/agencies, the MMPA;



monitoring and mitigation objectives and procedures, initial safety radii;



responsibilities of staff and crew regarding the 4MP;



instructions for ship crew regarding the 4MP;



data recording procedures: codes and coding instructions, common coding mistakes,
electronic database; navigational, marine physical, field data sheet;



use of specialized field equipment (reticle binoculars, night-vision devices (NVDs), laser
rangefinders);



reticle binocular distance scale;



table of wind speed, Beaufort wind force, and sea state codes;



data storage and backup procedures;



list of species that might be encountered: identification, natural history;



safety precautions while onboard;



crew and/or personnel discord; conflict resolution among MMOs and crew;



drug and alcohol policy and testing;



scheduling of cruises and watches;



communications;



list of field gear that will be provided;



suggested list of personal items to pack;



suggested literature, or literature cited; and



copies of the NMFS IHA and USFWS LOA when available.

Monitoring Methodology
The observer(s) will watch for marine mammals from the best available vantage point on the
Kulluk or Discoverer and support vessels. Ideally this vantage point is an elevated stable
platform from which the MMO has an unobstructed 360 degree (o) view of the water. The
observer(s) will scan systematically with the unaided eye and 7  50 reticle binoculars,
supplemented with 20 x 60 image-stabilized Zeiss Binoculars or Fujinon 25 x 150 “Big-eye”
binoculars and night-vision equipment when needed (see below). Personnel on the bridge will
assist the MMOs in watching for marine mammals. New or inexperienced MMOs will be paired
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with an experienced MMO or experienced field biologist so that the quality of marine mammal
observations and data recording is kept consistent.
Information to be recorded by MMOs will include the same types of information that were
recorded during recent monitoring programs associated with Industry activity in the Arctic (e.g.
Ireland et al. 2009). When a mammal sighting is made, the following information about the
sighting will be carefully and accurately recorded:


Species, group size, age/size/sex categories (if determinable);



Physical description of features that were observed or determined not to be present in the
case of unknown or unidentified animals;



Behavior when first sighted and after initial sighting, heading (if consistent);



Bearing and distance from observer, apparent reaction to activities (e.g., none, avoidance,
approach, paralleling, etc.), closest point of approach, and behavioral pace;



Time, location, speed, and activity of the vessel, sea state, ice cover, visibility, and sun
glare; and



The positions of other vessel(s) in the vicinity of the observer location.

The drilling vessel, or vessel’s position, speed of support vessels, and water temperature, water
depth, sea state, ice cover, visibility, and sun glare will also be recorded at the start and end of
each observation watch, every 30 minute during a watch, and whenever there is a change in any
of those variables.
Distances to nearby marine mammals will be estimated with binoculars (Fujinon 7  50
binoculars) containing a reticle to measure the vertical angle of the line of sight to the animal
relative to the horizon.
Observers may use a laser rangefinder to test and improve their abilities for visually estimating
distances to objects in the water. However, previous experience showed that a Class 1 eye-safe
device was not able to measure distances to seals more than about 230 feet (ft) (70 meters [m])
away. The device was very useful in improving the distance estimation abilities of the observers
at distances up to about 1,968 ft (600 m)—the maximum range at which the device could measure
distances to highly reflective objects such as other vessels. Humans observing objects of moreor-less known size via a standard observation protocol, in this case from a standard height above
water, quickly become able to estimate distances within about ±20% when given immediate
feedback about actual distances during training.

Monitoring At Night and In Poor Visibility
Night-vision equipment (“Generation 3” binocular image intensifiers, or equivalent units) will be
available for use when/if needed. Past experience with NVDs in the Beaufort Sea and elsewhere
has indicated that NVDs are not nearly as effective as visual observation during daylight hours (e.g.,
Harris et al. 1997, 1998; Moulton and Lawson 2002).
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Specialized Field Equipment
Shell will provide or arrange for the following specialized field equipment for use by the onboard
MMOs: reticle binoculars, Big-eye binoculars, global positioning system (GPS) unit, laptop
computers, night vision binoculars, and possibly digital still and digital video cameras.

Field Data-Recording, Verification, Handling, and Security
The observers on the Kulluk or Discoverer and support vessels will record their observations onto
datasheets or directly into handheld computers. During periods between watches and periods
when operations are suspended, those data will be entered into a laptop computer running a
custom computer database. The accuracy of the data entry will be verified in the field by
computerized validity checks as the data are entered, and by subsequent manual checking of the
database printouts. These procedures will allow initial summaries of data to be prepared during
and shortly after the field season, and will facilitate transfer of the data to statistical, graphical or
other programs for further processing. Quality control of the data will be facilitated by (1) the
start-of-season training session, (2) subsequent supervision by the onboard field crew leader, and
(3) ongoing data checks during the field season.
The data will be backed up regularly onto compact disks (CDs) and/or USB disks, and stored at
separate locations on the vessel. If possible, data sheets will be photocopied daily during the field
season. Data will be secured further by having data sheets and backup data CDs carried back to
the Anchorage office during crew rotations.
In addition to routine MMO duties, Inupiat observers will be encouraged to record comments
about their observations into the “comment” field in the database. Copies of these records will be
available to the Inupiat observers for reference if they wish to prepare a statement about their
observations. If prepared, this statement would be included in the 90-day and final reports
documenting the monitoring work.

Field Reports
Throughout the exploration drilling program, the observers will prepare a report each day or at
such other interval as the IHA, LOA, or Shell may require summarizing the recent results of the
monitoring program. The reports will summarize the species and numbers of marine mammals
sighted. These reports will be provided to NMFS, USFWS, BOEMRE and Shell as required.

Reporting
The results of the 2012 vessel-based monitoring, including estimates of “take by harassment”,
will be presented in the 90-day and final technical report(s). Reporting will address the
requirements established by NMFS in the IHA, and USFWS in the LOA (if so stipulated).
The technical report(s) will include:


summaries of monitoring effort: total hours, total distances, and distribution of marine
mammals through the study period accounting for sea state and other factors affecting
visibility and detectability of marine mammals;
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analyses of the effects of various factors influencing detectability of marine mammals
including sea state, number of observers, and fog/glare;



species composition, occurrence, and distribution of marine mammal sightings including
date, water depth, numbers, age/size/gender categories, group sizes, and ice cover;



analyses of the effects of exploration drilling operations:
-

sighting rates of marine mammals during periods with and without exploration
drilling activities (and other variables that could affect detectability);

-

initial sighting distances versus drilling state;

-

closest point of approach versus drilling state;

-

observed behaviors and types of movements versus drilling state;

-

numbers of sightings/individuals seen versus drilling state;

-

distribution around the drillship and support vessels versus drilling state;

-

estimates of “take by harassment”.

Shell will consider requests for data collected during the marine mammal monitoring only after
the data have been put through a quality control/quality assurance program. Such requests may
include incorporating the data with other companies’ data and/or integrating the raw data with
data from other marine mammal studies.

AERIAL SURVEY PROGRAM
Objectives
An aerial survey program will be conducted in support of the exploration drilling program in the
Beaufort Sea during the summer and fall of 2012. The exploration drilling program may start in
the Beaufort Sea as early as 10 July 2012. The objectives of the aerial survey will be:


to advise operating vessels as to the presence of marine mammals (primarily cetaceans)
in the general area of operation;



to collect and report data on the distribution, numbers, movement and behavior of marine
mammals near the exploration drilling operations with special emphasis on migrating
bowhead whales;



to support regulatory reporting related to the estimation of impacts of exploration drilling
operations on marine mammals;



to investigate potential deflection of bowhead whales during migration by documenting
how far east of exploration drilling operations a deflection may occur, and where whales
return to normal migration patterns west of the operations; and



to monitor the accessibility of bowhead whales to Inupiat hunters.

Safety
Safety will be of primary importance in all decisions regarding the planning and conduct of the
aerial surveys. Safety-related considerations during planning have included choice of aircraft,
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aircraft operator, and pilots; outfitting of the aircraft; lengths and locations of survey grids; and
safety training. Safety during aerial survey operations will include careful and judicious
consideration of weather and avoidance of flight in questionable conditions. Although the pilots
will have ultimate authority, the aerial survey crew will also be required to make their own
judgments and to avoid flying in questionable circumstances. To this end, the aerial survey teams
will have a crew leader with experience conducting this type of survey in arctic conditions, and
will have the authority to cancel or (in agreement with the pilots) amend flight operations as
necessary for safety.

Selection of Aircraft
Specially-outfitted deHavilland Twin Otter (Twin Otter) aircraft are expected to be the survey
aircraft and have an excellent safety record. These aircraft will be specially modified for survey
work and have been used extensively by NMFS, Alaska Department of Fish and Game
(ADF&G), Coastal and Offshore Pacific Corporation (COPAC), NSB, and LGL during many
marine mammal projects in Alaska, including Industry funded projects as recent as the 2006–
2008, and 2010 seasons. The aircraft will be provided with a comprehensive set of survival
equipment appropriate to offshore surveys in the Arctic. For safety reasons, the aircraft will be
operated with two pilots.

Survey Procedures
Flight and Observation Procedures
Aerial survey flights will begin 5 to 7 days before operations at the exploration well sites get
underway. Surveys will be flown daily throughout exploration drilling operations, weather and
flight conditions permitting, and continued for 5 to 7 days after all activities at the site have
ended.
The aerial survey procedures will be generally consistent with those used during earlier industry
studies (Davis et al. 1985; Johnson et al. 1986; Evans et al. 1987; Miller et al. 1997, 1998, 1999,
2002; Patterson 2007). This will facilitate comparison and pooling of data where appropriate.
However, the specific survey grids will be tailored to Shell’s operations. During the 2012 drilling
season Shell will coordinate and cooperate with the aerial surveys conducted by
BOEMRE/NMFS and any other groups conducting surveys in the same region.
It is understood that the timing, duration, and location (between identified well sites) of Shell’s
exploration drilling operations are subject to change as a result of unpredictable weather and ice
conditions, as well as regulatory and stakeholder concerns. The aerial survey design is flexible
and able to adapt at short notice to changes in the operations.
For marine mammal monitoring flights, aircraft will be flown at ~120 knots ground speed and
usually at an altitude of 1,000 ft (305 m). Flying at a survey speed of 120 knots greatly increases
the amount of area that can be surveyed, given aircraft limitations, with minimal effect on the
ability to detect bowhead whales. Surveys in the Beaufort Sea are directed at bowhead whales
and an altitude of 900-1,000 ft (274-305 m) is the lowest survey altitude that can normally be
flown without concern about potential aircraft disturbance; it is also the altitude recommended by
NMFS for IHA monitoring efforts for bowhead whales. Aerial surveys at an altitude of 1,000 ft

Shell Offshore Inc.

12

May 2011

Marine Mammal Monitoring and Mitigation Plan

Camden Bay, Alaska

(305 m) do not provide much information about seals but are suitable for both bowhead and
beluga whales. The need for a 900-1000+ ft cloud ceiling will limit the dates and times when
surveys can be flown. Selection of a higher minimum altitude for surveys (e.g. 1,500 ft [457 m])
would result in a significant reduction in the number of days where surveys would be possible,
impairing the ability of the aerial program to meet its objectives. All other aircraft during the
2012 exploration drilling program shall not operate below 1,500 ft (457 m) unless the aircraft is
engaged in marine mammal monitoring, approaching, landing, taking off, under poor weather
(low ceilings) conditions, engaged in providing assistance to a whaling vessel in distress, or any
other emergency situations.
Two primary observers will be seated at bubble windows on either side of the aircraft and a third
observer will observe part-time and record data the rest of the time. All observers need bubble
windows to facilitate downward viewing. For each marine mammal sighting, the observer will
dictate the species, number, size/age/sex class when determinable, activity, heading, swimming
speed category (if traveling), sighting cue, ice conditions (type and percentage), and inclinometer
reading to the marine mammal into a digital recorder. The inclinometer reading will be taken
when the animal’s location is 90° to the side of the aircraft track, allowing calculation of lateral
distance from the aircraft trackline.
Transect information, sighting data and environmental data will be entered into a GPS-linked
computer by the third observer, and simultaneously recorded on digital voice recorders for
backup and validation. At the start of each transect, the observer recording data will record the
transect start time and position, ceiling height (ft), cloud cover (in 10ths), wind speed (knots),
wind direction degrees True North (T) and outside air temperature degrees Celsius (C). In
addition, each observer will record the time, visibility (subjectively classified as excellent, good,
moderately impaired, seriously impaired or impossible), sea state (Beaufort wind force), ice cover
(in 10ths) and sun glare (none, moderate, severe) at the start and end of each transect, and at
2-minute intervals along the transect. This will provide data in units suitable for statistical
summaries and analyses of effects of these variables (and position relative to the drillship) on the
probability of detecting animals (see Davis et al. 1982; Miller et al. 1999; Thomas et al. 2002).
The data logger will automatically record time and aircraft position (latitude and longitude) for
sightings and transect waypoints, and at pre-selected intervals along the transects.

Supplementary Data
Ice observations during aerial surveys will be recorded and satellite imagery may be used, where
available, during post-season analysis to determine ice conditions adjacent to the survey area.
These are standard practices for surveys of this type, and are necessary in order to interpret
factors responsible for variations in sighting rates.
Shell will, as a high priority, assemble the information needed to relate marine mammal
observations to the locations of the Kulluk or Discoverer, and to the estimated received levels of
industrial sounds at mammal locations. During the aerial surveys, Shell will record relevant
information on other industry vessels, whaling vessels, low-flying aircraft, or any other human
activities that are seen in the survey area.
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Coordination with BOEMRE/NMFS Aerial Surveys
BOEMRE/NMFS are planning to continue its wide-ranging aerial surveys of bowhead whales
and other marine mammals in the Beaufort Sea during the autumn of 2012. In 2012, the surveys
will be contracted to the National Marine Mammal Laboratory (NMML) in Seattle. These
surveys include the area where exploration drilling activities will occur. Shell will co-ordinate
with BOEMRE/NMML to share data, both during the drilling season and for use in analyses and
reports.
Shell will also consult with BOEMRE/NMML regarding coordination during the drilling season
and real-time sharing of data. The aims will be:


to ensure aircraft separation when both crews conduct surveys in the same general region;



to coordinate the 2012 aerial survey projects in order to maximize consistency and
minimize duplication;



to use data from BOEMRE’s broad-scale surveys to supplement the results of the more
site-specific Shell surveys for purposes of assessing the effects of exploration drilling
activities on whales and estimating “take by harassment”;



to maximize consistency with previous years’ efforts insofar as feasible.

It is expected that raw bowhead sighting and flightline data will be exchanged between BOEMRE
and Shell on a daily basis during the drilling season, and that each team will also submit its
sighting information to NMFS in Anchorage each day. After the Shell and BOEMRE data files
have been reviewed and finalized, they will be exchanged in digital form.
Shell is not aware of any other related aerial survey programs presently scheduled to occur in the
Alaskan Beaufort Sea in areas where Shell is anticipated to be conducting exploration drilling
operations during July–October 2012. If another aerial survey project were planned, Shell would
seek to coordinate with that project to ensure aircraft separation, maximize consistency, minimize
duplication, and share data.

Survey Design
During the late summer and fall, the bowhead whale is the primary species of concern, but
belugas and gray whales are also present. Bowheads and belugas migrate through the Alaskan
Beaufort Sea from summering areas in the central and eastern Beaufort Sea and Amundsen Gulf
to their wintering areas in the Bering Sea (Clarke et al. 1993; Moore et al. 1993; Miller et al.
2002). Small numbers of bowheads are sighted in the eastern Alaskan Beaufort Sea starting midAugust and near Barrow starting late August, but the main migration does not start until early
September. Recent surveys (COMIDA/BWASP 2009) and GPS tagging (ADF&G 2009) have
also recorded some bowheads in the western Alaskan Beaufort Sea in July and August. The
bowhead migration tends to be through nearshore and shelf waters, although in some years small
numbers of whales are seen near the coast and/or far offshore. Bowheads frequently interrupt
their migration to feed (Ljungblad et al. 1986; Lowry 1993; Landino et al. 1994; Würsig et al.
2002; Lowry et al. 2004) and their stop-overs vary in duration from a few hours to a few weeks
(Koski et al. 2002). A commonly used feeding area is in and near Smith Bay, east of Barrow.
Less consistently used feeding areas are in coastal and shelf waters near and east of Kaktovik. In
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operation is designed to monitor the distribution of whales around the exploration drilling
operation.

Analysis of Aerial Survey Data
During the field program, preliminary maps and summaries of the daily surveys will be provided
to NMFS as normally required by the terms of the IHA, and USFWS and BOEMRE (if so
stipulated). While in the field data, will be checked for entry errors and files will be backed up to
CDs or portable memory drives. Two levels of analyses will be conducted at the end of the
season. The first level will consist of basic summaries that are required for the 90-day report
specified by the IHA. These include summaries of numbers of marine mammals seen, survey
effort by date, maps summarizing sightings, and estimates of numbers of marine mammals that
are “taken” according to NMFS criteria. The second level of analyses will be presented in a
subsequent comprehensive report. The comprehensive report will provide more detailed analyses
of the data to quantify the effect of the exploration drilling program on the distribution and
movements of marine mammals.

Estimation of Numbers “Taken”
Shell has used this methodology, which was developed using past studies in the Beaufort and
Chukchi sea regions (Miller et al. 1999; Haley and Ireland 2006) and other areas of the world
(Lawson et al. 1998; Holst et al. 2005; Ireland et al. 2005), for estimating the numbers of marine
mammals that are “taken” (as defined by NMFS). These estimates require estimating the
numbers of animals present near or passing the exploration drilling program during periods
without exploration drilling activity and assuming that similar numbers would have passed during
those activities if the activities were not conducted. The planned approach has been accepted by
NMFS as satisfying the requirements for “take” estimates for previous monitoring programs.
The criteria to be used in tabulating and estimating numbers of cetaceans potentially exposed to
various sound levels will be consistent with those used during previous related projects in 19962010, unless otherwise directed by NMFS. Only cetaceans will be addressed using the aerial
survey data because the altitude of the surveys is too high to reliably detect and identify
pinnipeds. As in previous studies, Shell anticipates that there will be four components:
1. Numbers of cetaceans observed within the area ensonified strongly by the exploration
drilling operations. For cetaceans, Shell will estimate the numbers of animals exposed
to received rms levels of sounds exceeding 120, 160 dB and 180 dB re 1 µPa, as
required by NMFS.
2. Numbers of cetaceans observed showing apparent reactions to exploration drilling
operations, e.g., heading in an “atypical” direction. Animals exhibiting apparent
responses to the activities will be counted as affected by the programs if they were
exposed to sounds from those activities.
3. Numbers of cetaceans estimated to have been subjected to sound levels 120, 160
and 180 dB re 1µ Pa rms when no monitoring observations were possible. This will
involve using the observations from the survey aircraft (Shell and BOEMRE/NMFS),
supplemented by relevant vessel-based observations, to estimate how many cetaceans
were exposed over the full course of Shell’s 2012 exploration drilling season to
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situations where received sound levels were 120, 160 and 180 dB rms. In the case
of the bowhead whale, Shell will estimate the proportions of the observed whales that
were close enough to shore to have passed through the area where exposure might
occur, and could have passed while exploration drilling operations were underway.
Shell’s aerial survey design, together with the complementary aerial surveys to be
conducted by BPEMRE/NMFS, will provide the needed data.
4. The number of bowheads whose migration routes came within 12 mi (20 km) of the
drilling activity, or would have done so if they had not been displaced farther offshore,
will be estimated. If the 2012 data indicate that the avoidance distance exceeds 12 mi
(20 km), the larger avoidance distance will also be used for estimating the numbers of
whales potentially responding to the exploration drilling activity. These estimates will
be obtained by determining the displacement distance based on the aerial survey
results, and then estimating how many bowheads were likely to approach the avoided
area during times while the Kulluk or Discoverer and support vessels were present.

Effects of Exploration Drilling Program on Bowhead Migration
The location of the bowhead migration corridor in 2012 will be determined by examining data
from periods with exploration drilling activities and data from east of those operations. The
BOEMRE/NMFS aerial survey data will be a useful supplement for areas well east of the drilling
locations. Shell will contrast the numbers of bowhead sightings and individuals vs. distance from
shore:


during periods with vs. without exploration drilling operations, and



near vs. east vs. west of the exploration areas.

The distance categories will be linked to receive sound levels based on the results from the
acoustic measurement task. Analyses will be done on a sightings-per-unit effort basis to allow
meaningful interpretation even though aerial survey effort is inevitably inconsistent at different
distances offshore.
To determine how far east, north and west displacement effects (if any) extend, additional
analyses will be conducted on bowhead sightings and survey effort in relation to distance and
bearing from the exploration drilling operations during times with and without operations. Shell
anticipates applying a logistic or Poisson regression approach to assess the effects of distance and
direction from the exploration drilling operations on sighting probability of bowhead whales,
allowing for the confounding influence of sightability (sea state, ice conditions, etc.) and other
covariates. Such an approach has been used extensively in analyses of whale and seal distribution
in the Beaufort Sea (Manly et al. 2004; Moulton et al. 2005). Other analyses that may be useful
to describe the effects of the exploration drilling operation on the bowhead migration path,
including summaries of headings, behavior and swimming speeds, will be included in the
technical report.
The data from the current survey may not provide enough sightings to be able to quantify the
effects of Shell’s 2012 activities on the bowhead whale migration path. That could occur if
Shell’s operations in the Beaufort Sea during the bowhead whale migration season were limited
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due to ice or other factors, or if 2012 is a year when weather conditions are poorer than average,
which would limit the periods when surveys could be conducted.
The aerial survey data pertaining to other species of marine mammals will also be mapped and
analyzed insofar as this is useful. However, the main migration corridor of belugas is far
offshore, and generally north of the survey area proposed here. Few gray whales and walrus are
likely to be seen because of their rarity in the Beaufort Sea area (although gray whales were seen
in the area in 1998 (Miller et al. 1999) and small numbers have been seen during several recent
surveys by BOEMRE, formerly as Minerals Management Service (MMS) (Treacy 1998, 2000,
2002) and LGL (Patterson et al. 2007). Therefore, the proposed aerial surveys are expected to
document the infrequent use of continental shelf waters of the Beaufort Sea by beluga whales,
gray whales and walrus, but detailed analyses for these species probably will not be warranted.
Seals cannot be surveyed quantitatively by aerial surveys at altitudes 900-1,500 ft (274- 457 m)
over open water. The aerial surveys will provide only incidental data on the occurrence of
bearded and especially ringed seals in the area.

ACOUSTIC MONITORING PLAN
Drilling Sound Measurements
Objectives
Drilling sounds are expected to vary significantly with time due to variations in the level of
operations and the different types of equipment used at different times onboard the Kulluk or
Discoverer. The objectives of these measurements are:


to quantify the absolute sound levels produced by drilling, and to monitor their variations
with time, distance and direction from the drilling vessel;



to measure the sound levels produced by vessels operating in support of exploration
drilling operations. These vessels will include crew change vessels, tugs, icemanagement vessels and spill response vessels; and



to measure the sound levels produced by an end-of-hole ZVSP survey using a stationary
sound source.

Equipment
The Kulluk or Discoverer, support vessels, and ZVSP sound measurements will be performed
using one of two methods, both of which involve real-time monitoring. The first method would
involve use of bottom-founded hydrophones cabled back to the Kulluk or Discoverer (Figure 2).
These hydrophones weigh approximately 88 pounds (lb) (40 kilograms) with a footprint of
approximately 2.7 ft2 (0.5 m2) and would be positioned between 1,640 ft (500 m) and 3,281 ft
(1,000 m) from the Kulluk or Discoverer, depending on the final positions of the anchors used to
hold the Kulluk or Discoverer in place. Hydrophone cables would be fed to real-time digitization
systems on board. In addition to the cabled system, a separate set of bottom-founded
hydrophones (Figure 3) may be deployed at various distances from the exploration drilling
operation for storage of acoustic data to be retrieved and processed at a later date.
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Table 1 Typical Sound Source (Airgun Array) Speecifications for ZVSP
Sourcce
Typee

o
Number of
Sources

SLB,
ITAGA
A
Sleeve
e
Array

8 airguns
(4) 150 in3
(2,458 cm3)
3
(4) 40 in
3
(655 cm )

Maximu
um
Pressuree
Total Cham
mber
Size

Source Deepth

760 in3
(12,454 cm
m3 )

9.8 ft / 3.0 m
16.4 ft / 5.0
0m

si
2,000 ps
140 bar

Calibrrated
Peak-Peak
Vertical
Ampliitude
@1 m
16 bar @
23 bar @
@1 m

Zeroo-Peak Sound
Preessure Level

238 dB
B re1Pa @1 m
241 dB
B re1Pa @1 m

A ZV
VSP survey is normally con
nducted at each well after total depth iss reached. Foor each surveyy,
Shell would deploy
y the sound so
ource (airgun
n array) over tthe side of thee Kulluk or D
Discoverer witth
ne (sound so
ource will bee 50-200 ft (15-60 m) fr
from the welllhead dependding on cranne
a cran
location), to a deptth of approxim
mately 10-23 ft (3-7 m) beelow the wateer surface. Thhe VSI with iits
r
willl be temporarrily anchored in the wellbbore at depth. The sound source will bbe
four receivers
pressu
ured up to 2,000
2
poundss per squaree inch (psi) (138 bar), aand activatedd 5-7 times at
appro
oximately 20--second intervals. The VSI
V will thenn be moved to the next iinterval of thhe
wellbore and re-an
nchored, afterr which the airgun
a
array w
will again bee activated 5--7 times. Thhis
w bore is ssurveyed in tthis manner. The interval
process will be reepeated until the entire well
betweeen anchor po
oints for the VSI usually is between 2200-300 ft (660-91 m). A normal ZVS
SP
survey
y is conducteed over a periiod of about 10-14 hr deppending on thhe depth of thhe well and thhe
numb
ber of anchorin
ng points.
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Figure
F
4. Schematic of ZVS
SP.1
Note: 1Drillship Dis
scoverer is sh
hown; howeve
er, either it, orr the drill vesssel Kulluk will be used.

Acou
ustic Data An
nalyses
An im
mportant purp
pose of the measurementts of sound llevel variatioon with time is to providde
inform
mation that can be correlaated with obsservations off bowhead whhale deflectioons around thhe
exploration drilling
g operations, should they occur.
o
The ccalls of bowheead whales w
will be detecteed
ocated by the arrays of dirrectional auto
onomous seafl
floor acoustic recorders (D
DASARs). Thhe
and lo
goal of
o that work will be to deetermine if changes
c
in miigration patteerns can be ccorrelated witth
chang
ges in sound level output frrom the explo
oration drillinng operations.
Drillin
ng sound data will be anaalyzed to extraact a record oof the frequenncy-dependennt sound leveels
as a function of time. Figurre 5 shows the
t results oof this type oof analysis ffor a previouus
ottom-foundeed recorder. These
T
results are useful allso for correlaating measureed
deployment of a bo
oration drillin
ng operationss and also forr capturing m
marine mammal
noise events with specific explo
o provides ab
bsolute sound levels in finiite frequency bands that caan
vocaliizations. Thee analysis also
be tailored to matcch the highestt-sensitivity hearing
h
ranges for the various species oof interest. Foor
ple, bowhead
d hearing is th
hought to be most
m acute inn the 100 Hz – 1,000 Hz frrequency rangge
examp
which
h correspondss with the bluee dotted line in
i the upper pplot of Figuree 5.
The analyses
a
will also
a consider sound level integrated
i
thrrough 1-hr duurations (referrred to as noisse
equivalent level (Leq)[1-hr]).
(
Figure 6 (upper) show
ws an exam
mple of a Leeq analysis oof
hydro
ophone data. Similar grap
phs for long time periodss will be gennerated as paart of the datta
analysis performed
d for indicatin
ng drilling so
ound variationn with time inn selected freequency bandds.
b of particulaar importancee for correlatiion with bow
whead locationn data obtaineed
Thesee levels will be
from directional accoustic record
ding arrays deeployed for Shhell’s 2012 boowhead migrration study.
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Figure 5. Lower: spec
ctrogram of sound level measurements obtained from a
ne recording system.
s
Uppe
er: broadband
d and selected
hydrophon
d band level variation
with time.

Figure 6. Upper: 1-hr Leq leve
els that willl be calcullated from acoustic
ments for use in correlating with bowhea
ad whale defle
ection data.
measurem
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Reporting of Results
Sound level results will be reported in the 90-day and comprehensive reports for this program.
The results reported will include:


Sound Source Levels for the Kulluk or Discoverer and all drilling support vessels;



Spectrogram and band level versus time plots computed from the continuous recordings
obtained from the hydrophone systems;



Hourly Leq levels at the hydrophone locations. These values will be used to estimate
actual sound levels at locations of deflected whales identified in Shell’s Beaufort Sea
Whale Migration study; and



Correlation of drilling source levels with the type of exploration drilling operation being
performed. These results will be obtained by observing differences in drilling sound
associated with differences in the drilling vessel activity as indicated in detailed drilling
vessel logs.

Acoustic Study of Bowhead Deflections
Shell plans to deploy arrays of acoustic recorders in the Beaufort Sea in 2012, similar to that
which was done in 2007 through 2010, and will be again in 2011 using DASARs supplied by
Greeneridge. These directional acoustic systems permit localization of bowhead whale and other
marine mammal vocalizations. The purpose of the array will be to further understand, define, and
document sound characteristics and propagation resulting from vessel-based exploration drilling
operations that may have the potential to cause deflections of bowhead whales from their
migratory pathway. Of particular interest will be the east-west extent of deflection, if any (i.e.,
how far east of a sound source do bowheads begin to deflect and how far to the west beyond the
sound source does deflection persist). Of additional interest will be the extent of offshore (or
towards shore) deflection that might occur.
In previous work around seismic and drillship operations in the Alaskan Beaufort Sea, the
primary method for studying this question has been aerial surveys. Acoustic localization methods
will provide supplementary information for addressing the whale deflection question. Compared
to aerial surveys, acoustic methods have the advantage of providing a vastly larger number of
whale detections, and can operate day or night, independent of visibility, and to some degree
independent of ice conditions and sea state—all of which prevent or impair aerial surveys.
However, acoustic methods depend on the animals to call, and to some extent assume that calling
rate is unaffected by exposure to industrial noise. Bowheads call frequently in fall, but there is
some evidence that their calling rate may be reduced upon exposure to industrial sounds,
complicating interpretation. The combined use of acoustic and aerial survey methods will
provide a suite of information that should be useful in assessing the potential effects of
exploration drilling operations on migrating bowhead whales.

Objective
The objective of this study is to provide information on bowhead migration paths along the
Alaskan coast, particularly with respect to industrial operations, and whether and to what extent
Shell Offshore Inc.
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there is deflection
n due to ind
dustrial sound
d levels. Ussing passive acoustics w
with directional
nomous record
ders, the locaations of callling whales w
will be obserrved for a sixx- to ten-weeek
auton
contin
nuous monito
oring period
d at five coaastal sites (ssubject to ffavorable icee and weatheer
conditions). Essen
ntial to achiev
ving this objeective is the ccontinuous m
measurement oof sound leveels
t Kulluk or Discoverer. An examplee of the whalee call locationns measured from a similaar
near the
array of DASARs in 2008 is preesented in Fig
gure 7 (Blackw
kwell et al. 2010).

Figure
e 7. Bowhea
ad whale call locations dettermined from
m the receive
ed bearings at five arrays o
of
DASA
ARs in the Beaufort Sea in 2008.

Moniitoring Plan
n
Shell plans to con
nduct the whale migration
n monitoring using the paassive acousttics techniquees
oped and ussed successfu
fully since 2001
2
for moonitoring the migration ppast Northstaar
develo
produ
uction island northwest
n
of Prudhoe Bay
y and from Kaaktovik to Haarrison Bay duuring the 20007
throug
gh 2011 migrrations. Thosse techniques involve usingg DASARs too measure thee arrival anglees
of bow
whead calls at
a known locaations, then trriangulating tto locate the ccalling whalee. Hundreds oof
thousands, of whalle calls were successfully
s
located
l
in 20007 and 2008.
ponses of bow
whead whaless to the plannned industrial operations, it
In attempting to asssess the resp
b essential to
o monitor wh
hale locations at sites botth near and ffar from induustry activitiees.
will be
Shell plans to mon
nitor at five siites along thee Alaskan Be aufort coast, as shown in Figure 8. Thhe
( in Figuree 8) will be ju
ust east of K
Kaktovik ~62 mi [~100 km
m] west of thhe
easterrn-most site (#5
Sivullliq drilling arrea) and the western-most
w
site (#1) willl be in the viccinity of Harrrison Bay (~447
mi [~
~175 km] wesst of Sivulliq)). Site 2 will be located w
west of Prudhhoe Bay (~68 mi [~110 km
m]
west of
o Sivulliq). Site 4 will bee ~6.2 mi (~10 km) east off the Sivulliq drilling area and site 3 wiill
be ~1
15.5 mi (~25 km) west off Sivulliq. These
T
five sitees will provide informatioon on possible
migraation deflection well in advance
a
of whales
w
encouuntering an industry opeeration and oon
“recov
very” after paassing such op
perations should a deflectiion occur.
The proposed
p
geom
metry of DA
ASARs at each site is com
mprised of sevven DASARss oriented in a
north--south pattern so that fiv
ve equilateraal triangles w
with 4-mi (77-km) elemennt spacing arre
achiev
ved. This geeometry is illlustrated in Figure
F
8. Thhree mi (5 kkm) spacing has been useed
successfully in thee migration sttudies at Nortthstar, but whhale calls are received reliiably at greateer
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spacin
ng and the 4 mi (7 km) sp
pacing will result
r
in greatter coverage of whales along the northhsouth dimension, im
mportant in studying possiible deflectionn.
ARs will be installed att planned locations usingg a GPS. However, eaach DASAR’s
DASA
orienttation, once it
i settles on th
he bottom, iss unknown annd must be ddetermined too know how tto
refereence the call angles measured to the whales.
w
Thaat is, where is true north relative to thhe
DASA
AR orientatio
on? Also, the internal clo
ocks used to sample the aacoustic data typically driift
slighttly, but linearlly, by an amo
ount up to a few
fe seconds aafter six weekks of autonom
mous operationn.
Know
wing the tim
me differencess within a second
s
or tw
wo between DASARs iss essential foor
identiifying identical whale callss received on
n two or moree DASARs. S
Solving thesee two problem
ms
is acccomplished by
y transmitting
g known soun
nds at known times from knnown locations (by GPS) at
six po
oints around each
e
DASAR
R at the begin
nning and at th
the end of thee operational period. (Sheell
also will
w use a mid
d-season calib
bration.) Becaause of the eqquilateral trianngular geomeetry, it requirees
25 traansmission staations for eacch site. Each set of transm
missions requiires less than half a minutte.
For th
he 3-mi (5-km
m) spacing, experience has
h been that it requires aan hour to doo 4 calibratioon
transm
missions, inccluding transiit. For our planned 4 m
mi (7-km) sspacing, we estimate threee
calibrration transmiissions per ho
our. With 25 to do at eachh site, calibrattion of a site w
will require ~
~8
hours.

Figure
e 8. The Alaskan Beauforrt Sea coast showing
s
DAS
SAR site loca
ations for wha
ale call locatio
on
studie
es. The DAS
SAR array loc
cations at the
e five sites arre shown to scale, with seven DASAR
Rs
formin
ng five equila
ateral triangle
es with a unit spacing of 4 mi (7 km) a
and a north-ssouth extent o
of
13 mi (21 km) to aiid being able to observe po
ossible offsho
ore deflection
n.

The calibration
c
transmissions arre made using
g a small projjector easily ddeployed andd retrieved oveer
the side of a vesseel by a singlee person. Maaximum sourcce level is onnly 150 dB ree 1µPa at 1 m
m.
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The received level at a distance of 328 ft (100 m) will be ~110 dB, a level less than any known to
cause disturbance to marine life.
Bowhead migration begins in late August with the whales moving westward from their feeding
sites in the Canadian Beaufort Sea. It continues through September and well into October.
However, because of the exploration drilling schedule, we will attempt to install the 21 DASARs
at three sites (#3, #4 and #5 in Figure 8) in early August. The remaining 14 DASARs will be
installed at sites #1 and #2 in late August. Thus, we propose to be monitoring for whale calls
from before 15 August until sometime before 15 October.
At the end of the season the 4th DASAR in each array will be refurbished, recalibrated, and
redeployed to collect data through the winter. The other DASARs in the arrays will be recovered.
The redeployed DASARs will be programmed to record 35 minute every three hours with a disk
capacity of 10 months at that recording rate. This should be ample space to allow over-wintering
from ~mid-October 2012 through mid-July 2013.
Whale call analysis for the Northstar DASARs has been a manual process in which analysts
observe acoustic spectrograms in one-minute periods, looking for patterns caused by a whale call.
Listening to the sound, the analyst verifies that a sound is or is not a whale call, and when it is,
the bearing is calculated and stored for localization if the same call is present at one or more other
DASARs in an array. In the proposed 2012 project, machine-aided call detection software will be
used to simplify and accelerate the call analysis. Such software was developed with Shell’s
sponsorship in 2006 and is described in Greene et al. (2007). The software has been tested and
refined during data collection efforts in 2008 through 2010, and will be again with 2011 results.
When the call locations have been assessed for accuracy, the locations will be analyzed for
evidence of migration deflection. However, one must assess where the migration path would
have been in the absence of industrial activities. The migration path is known to vary from year
to year as a consequence of various factors. To control for this inter-annual variation, array pairs
east and west of industrial activities will be used to compare offshore distances prior to and after
whales pass through areas exposed to varying levels of anthropogenic sound. All DASAR arrays,
and potentially those deployed for other studies (i.e., those supporting BP’s studies of migration
past its Northstar development), could be used to quantify density contours of the bowhead whale
migration corridor. This estimation of the migration corridor would amount to an unprecedented
quantification in terms of the extent of the coastline covered and the amount of data included.
Many interesting analyses will be available from the data collected by the five array sites. Only
two analyses are discussed here. One analysis will estimate the location of the migration corridor
across the extent of our study area. The migration corridor will be estimated by contours for the
distribution of whale locations along the coast from array #1 to array #5. Density contours will
be estimated using kernel density estimation (Silverman 1998). To be included in this analysis,
call precision must be high, or alternatively, calls will be inversely weighted according to the size
of their error ellipse. Because Shell anticipates that calls occurring between arrays will have very
low precision, the variance of density estimates in these areas will be high. If the migration
corridor is generally close to shore at arrays #5 and #4, but far offshore at the locations of array
#3, #2, and #1, an offshore displacement of the corridor near the planned exploration drilling
activity might be inferred. Shell plans to use block bootstrapping (Lahiri 2003) of raw data to
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assess variation in contours, when appropriate. Block bootstrapping accounts for potential
autocorrelation among locations collected during short time intervals. This analysis does not
depend on quantification of underwater industrial sounds emanating from exploration drilling
operations.
A second analysis to assess deflection will relate changes in offshore distribution to changes in
industrial sound levels. These analyses are predicated on the assumption that industrial sound
levels will vary from below background to substantially above background throughout the season,
and that reliable measurements of industrial sound at the source are available. Assuming source
levels vary substantially throughout the season, this analysis will use periods of low industrial
sound as “reference” periods, and relate shifts in the offshore distribution to increased levels of
sound using regression or quantile regression analysis (Koenker and Park 1996; Koenker and
Geling 2001; Koenker and Xiao 2002).
To illustrate the second analysis, consider DASAR sites #4 and #3 in Figure 8. Over a standard
reporting period, for example 6 hr, calls located by these two arrays will be collected, as well as
other environmental covariates such as water depth, ambient sound levels, time of day, etc. From
these data, summary statistics for offshore distribution, and all covariates of interest will be
calculated. For example, the 25th percentile of offshore distance may be calculated, as well as
the average water depth of all call locations in the 6-hour reporting period. Differences in
offshore summary statistics among arrays will then be calculated and used in a regression or
quantile regression analysis. Using the example above, the difference in 25th percentile of
offshore distance between array #4 and array #3 could be related to the average industrial sound
level output by the source. Assuming displacement occurs somewhere between arrays #4 and #3,
a constant difference in the 25th percentile of offshore distance when sound levels are low, and
larger differences in offshore distance when industrial sound levels increase would be expected.
A significant slope of the regression relating offshore distance difference to sound levels will
indicate a statistically significant displacement between the arrays in question. This type of
analysis can be run using any pair of DASAR arrays (e.g., between #5 and #3 or between #4 and
#1, etc.).

Analysis Assumptions:


That changes in the offshore distribution of call locations reflect either changes in whale
locations or changes in calling behavior.



That industrial sound levels will vary substantially throughout the season. “Substantial”
means by a level that is both detectable and important to bowhead whales. In other
words, extended periods of both low and high sound production need to be present.



Industrial sound levels surrounding the drilling sources need to be accurately quantified
at varying distances in such a way that industrial sound levels and whale locations can be
matched. An accurate propagation model for industrial sounds hopefully can be
constructed from the collected data.



A large number of whales will swim through the areas where arrays can reliably locate
their calls.
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Post-90-day Report Analysis
Analysis of all acoustic data will be prioritized to address the primary questions. The primary
data analysis questions are to (a) determine when, where, and what species of animals are
acoustically detected on each DASAR, (b) analyze data as a whole to determine offshore
bowhead distributions as a function of time, (c) quantify spatial and temporal variability in the
ambient noise, and (d) measure received levels of drillship activities. The bowhead detection data
will be used to develop spatial and temporal animal distributions. Statistical analyses will be used
to test for changes in animal detections and distributions as a function of different variables (e.g.,
time of day, time of season, environmental conditions, ambient noise, vessel type, operation
conditions).

COMPREHENSIVE REPORT ON INDUSTRY ACTIVITIES AND
MARINE MAMMAL MONITORING EFFORTS IN THE
BEAUFORT AND CHUKCHI SEAS
Following the 2012 exploration drilling season a comprehensive report describing the vesselbased, aerial, and acoustic monitoring programs will be prepared. The comprehensive report will
describe the methods, results, conclusions and limitations of each of the individual data sets in
detail. The report will also integrate (to the extent possible) the studies into a broad based
assessment of industry activities, and other activities that occur in the Beaufort and/or Chukchi
seas, and their impacts on marine mammals. The report will help to establish long-term data sets
that can assist with the evaluation of changes in the Chukchi and Beaufort Sea ecosystems. The
report will attempt to provide a regional synthesis of available data on industry activity in
offshore areas of northern Alaska that may influence marine mammal density, distribution and
behavior.
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