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EXECUTIVE SUMMARY 

Background and Introduction 
Statoil USA E&P, Inc. (Statoil) collected marine seismic data in the Chukchi Sea during the open–

water period of 2010 in support of potential future oil and gas exploration and development.  3D and 2D 
seismic acquisition for Statoil was conducted in the Chukchi Sea by Fugro Geoteam, Inc. (Fugro) using 
the M/V Geo Celtic, a seismic vessel that towed an airgun array as well as hydrophone streamers to 
record seismic data. 

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

The National Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS) 
share jurisdiction over the marine mammal species that could have been encountered during the project.  
Statoil’s seismic survey was conducted under the jurisdiction of an Incidental Harassment Authorization 
(IHA) issued by NMFS and a Letter of Authorization (LOA) issued by the USFWS.  The IHA and LOA 
included provisions to minimize the possibility that marine mammals might occur close to the seismic 
source and be exposed to levels of sound high enough to cause hearing damage or other injuries, and to 
reduce behavioral disturbances that might be considered as “take by harassment” under the MMPA.   

A mitigation program was conducted to avoid or minimize potential effects of Statoil’s seismic 
survey on marine mammals, and to ensure that Statoil was in compliance with the provisions of the IHA 
and LOA.  This required that marine mammal observers (MMOs) onboard the seismic vessel detect 
marine mammals within or about to enter the designated safety radii, and in such cases initiate an 
immediate power down (or shut down if necessary) of the airguns.  Mitigation was also required for larger 
disturbance radii which were monitored by MMOs onboard monitoring vessels. 

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

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

Seismic Surveys Described 
The source vessel, Geo Celtic, collected seismic data in the Chukchi Sea from 20 Aug through 1 

Oct.  Statoil completed ~4482 km (2714 mi) of seismic data acquisition in the Chukchi Sea in 2010.  Two 
other vessels, the M/V Tanux I and the R/V Norseman I, were the monitoring vessels associated with the 
Geo Celtic. 

The seismic source used by Statoil and Fugro consisted of a pair of 3000 in3 three-string arrays of 
Sodera G-type airguns towed approximately 394 m (431 yd) behind the Geo Celtic for its seismic survey 
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operations.  The arrays were fired alternately on consecutive shots as the vessel traveled along the survey 
line.  Each array was comprised of three Sodera G-type airgun sub-arrays, and had a total volume of 
3,000 in3.  A 60-in3 airgun was used as a mitigation source during power downs when marine mammals 
were observed within or about to enter the applicable full array safety radius and during turns.  The 
system also included 12 hydrophone streamers, each 4050 m (4429 yd) long, with hydrophones spaced 
100 m apart over the entire length of each streamer.   

Sound Source Verification 
Statoil USA E&P Inc. (Statoil) conducted a 3-D marine seismic survey at Statoil’s Posey prospect 

in the Alaskan Chukchi Sea in August and September 2010.  As required by the Incidental Harassment 
Authorization (IHA) for this survey program, in-field sound source verification measurements were 
performed.  JASCO Applied Sciences was contracted by Statoil (through LGL) to perform field 
measurements of sound from the program’s seismic sources:  two identical 3000 in3 airgun arrays fired in 
flip-flop mode (i.e., fired alternately on consecutive shots) and a 60 in3 mitigation gun.  Calibrated 
underwater acoustic measurements of survey-related sounds were carried out on 22-24 August 2010 at 
Statoil’s Posey prospect.  The purpose of the measurements was to quantify sound levels as a function of 
distance from Statoil’s 2010 marine seismic survey sources, and to verify and possibly revise pre-survey 
estimates of the size of marine mammal safety exclusion zones.  The exclusion zones are defined by the 
maximum distances at which sound levels reach specific thresholds.  These zones were monitored by 
marine mammal observers (MMO’s) stationed on the R/V Geo Celtic, M/V Tanux I, and R/V Norseman I 
during the surveys.  MMO’s could direct rapid shut-down of the acoustic survey sources when animals 
were observed within or if they were likely to enter the zones. A second purpose of these measurements 
was to provide sound level information used to calculate actual marine mammal takes during a post-field 
analysis. 

Three calibrated JASCO Ocean Bottom Hydrophone (OBH) acoustic recording stations were 
deployed on the seabed near each of the operations monitored at Statoil’s exploration lease area in the 
Chukchi Sea. Measurements of sound produced by the 3000 in3 airgun arrays were made at distances 50 
m, 10 km, and 80 km in the broadside (perpendicular to survey line) direction and up to 50 km in the 
endfire direction (parallel to survey line). The two-direction measurement approach allowed for the 
determination of possible directive characteristics of sound emissions from the airgun arrays.  
Measurements of sound produced by the 60 in3 mitigation gun were made with an OBH at the middle of a 
20 km mitigation turn. 

Distances to root-mean-square (rms) sound pressure thresholds in 10 dB increments from 120 dB 
re 1 µPa to 190 dB re 1 µPa for both sources were determined from the measurements.  Further analysis 
of the airgun array data was performed to calculate M-weighted cumulative sound exposure levels (SEL) 
and to compare measured levels with recently proposed criteria for assessing auditory injury to marine 
mammals from pulsed sound sources (Southall et al., 2007).  The SEL thresholds for the airgun arrays 
were reached at shorter distances than the rms based thresholds and are provided in this report. 

The IHA stipulated specific exclusion and monitoring safety zones to be observed during airgun 
operations.  The pre-season marine mammal safety radii for the Geo Celtic’s full (3000 in3) airgun array 
was 700 m, 2500 m, and 13,000 m for the ≥190, ≥180, and ≥160 dB (rms) zones, respectively.   

The SSV results indicate that the pre-season estimated radii in the IHA for the Geo Celtic’s 3000 
in3 airgun arrays were conservative for the 190 dB and 180 dB re 1 µPa radii and that the measured 160 
dB and 120 dB re 1 µPa safety radii were greater than the pre-season estimates.  The SSV results also 
showed smaller safety radii for all SPL rms90 thresholds for the 60 in3 mitigation airgun than the estimated 
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radii in the IHA.  The measured marine mammal safety radii for Geo Celtic’s 3000 in3 airgun arrays was 
520 m, 1600 m, and 13,000 m for the ≥190, ≥180, and ≥160 dB (rms) zones, respectively.   

Marine Mammal Monitoring  
The Geo Celtic traveled along a total of 10,717 km (6659 mi) of trackline in the Chukchi Sea 

survey area.  Airgun operations occurred along 8069 km (5014 mi) of that trackline.  The full airgun array 
was ramping up or active along 5387 km (3347 mi) of trackline.  The single mitigation airgun operated 
along 2681 km (1666 mi), including turns and power downs.  The airguns did not operate along the 
remaining 2648 km (1645 mi) of trackline in the Chukchi Sea.   

MMOs aboard the three vessels were on watch for a total of 28080 km (17,448 mi; 2741 h).  Of 
this total, 10,477 km (6510 mi; 1223 h) of observation effort was from the Geo Celtic, 9250 km (5748 mi; 
784 h) from the Norseman I, and 8353 km (5190 mi; 734 h) from the Tanux I.  Of the total observation 
effort on all three vessels, 3564 km (2215 mi; 399 h) occurred during darkness 

During the Statoil seismic survey, MMOs recorded a total of 310 sightings of 534 marine mammals 
from the Geo Celtic and 428 groups of 939 marine mammals from the monitoring vessels.  Eight marine 
mammal species were identified, including bowhead whale, gray whale, minke whale, ribbon seal, ringed 
seal, spotted seal, bearded seal, and Pacific walrus.   

MMOs recorded 32 sightings of 45 individual cetaceans from the Geo Celtic and its monitoring 
vessels.  More than half of the cetaceans sightings were unable to be identified to species.  One cetacean 
was observed from the Geo Celtic during seismic activities and resulted in a power down of the seismic 
array.  Sighting rates from the Geo Celtic when the full array was active and during non-seismic periods 
were over three times higher than those from the monitoring vessels in areas where RSLs were ≥160 and 
<120 dB (rms). 

There were 362 seals sightings of 388 individuals recorded by MMOs on the Geo Celtic and its 
monitoring vessels.  Bearded seal was the most frequently identified seal species, although nearly half of 
the seals sighted could not be identified to species.  Nine power downs of the airgun array were requested 
by Geo Celtic MMOs due to seals sighted within or approaching the ≥190 dB (rms) safety radius of the 
active array during Statoil’s seismic survey.  The sighting rate during full array activity was 2.5 times 
greater than during only mitigation airgun activity and non-seismic periods.   

There were 346 Pacific walrus sightings of 1042 individuals recorded by MMOs on the Geo 
Celtic and its monitoring vessels.  The majority (72%) of these sightings were observed between 28 and 
31 August 2010 (250 sightings of 823 individuals) as a large number of Pacific walrus moved from the 
receding ice edge towards land.  Twenty-nine power downs were requested and implemented for Pacific 
walruses observed within or about to enter the ≥180 dB (rms) safety radius around the full 3000 in3 airgun 
array.  Ten power downs occurred during the 4-day period, 28–31 Aug, when walrus sightings were most 
numerous.  In addition to the power downs, three complete shut downs were implemented during the 
seismic survey as a result of Pacific walrus sightings. 

No cetaceans were observed by MMOs within areas where received seismic sound levels were 
≥180 dB (rms).  Ten seals were observed within the ≥190 dB (rms) safety radius and potentially exposed 
to received sound levels ≥190 dB (rms) .  Forty Pacific walruses (in 21 separate sightings) were observed 
in areas where received sound levels were ≥180 dB (rms). 

The number of marine mammals visually detected by MMOs likely underestimated the actual 
numbers that were present.  Marine mammal densities were based on data collected from the Geo Celtic 
and its monitoring vessels (Tanux I, Norseman I) during Statoil’s seismic operations in the Chukchi Sea.  
Based on estimates extrapolated from density calculations, 18 cetaceans may have been exposed to sound 
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levels ≥160 dB (rms).  Similar calculations indicated that 2180 seals and 963 Pacific walruses may have 
been exposed to sound levels ≥160 dB (rms).   
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1.  BACKGROUND AND INTRODUCTION1

Statoil USA E&P, Inc. (Statoil) collected marine seismic data in the Chukchi Sea during the open–
water period of 2010 in support of potential future oil and gas exploration and development.  3D and 2D 
seismic acquisition for Statoil was conducted in the Chukchi Sea by Fugro Geoteam, Inc. (Fugro) using 
the M/V Geo Celtic, a seismic vessel that towed an airgun array as well as hydrophone streamers to 
record seismic data. 

 

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

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

Statoil submitted an application to NMFS on 24 December 2009 for an Incidental Harassment 
Authorization (IHA) to authorize non-lethal “takes” of marine mammals incidental to Statoil’s planned 
seismic survey in the Chukchi Sea during the 2010 open-water season.  A notice announcing Statoil’s 
request for an IHA was published in the Federal Register on 8 Jun 2010 and public comments were 
invited (NMFS 2010).  An IHA allowing seismic activities in the Chukchi Sea was issued to Statoil by 
NMFS on 6 Aug 2010 which allowed operations to be conducted through 30 November 2010 (Appendix 
A).  The IHA authorized “potential take by harassment” of various cetacean and seal species during the 
seismic survey described in this report.   

On 18 Dec 2009, Statoil requested a Letter of Authorization (LOA) from USFWS for the incidental 
“take” of polar bears and walrus during open–water exploration activities in the Chukchi Sea in 2010.  
The USFWS issued a LOA on 15 July 2010 allowing Statoil to “take” small numbers of polar bears and 

                                                 
1 By Megan Blees, Kris Hartin and Darren Ireland (LGL). 
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Pacific walruses incidental to activities occurring during the 2010 Chukchi Sea open–water exploration 
program.  The LOA was valid through 30 Nov 2010 (Appendix B).    

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

Incidental Harassment Authorization 
IHAs issued to seismic operators include provisions to minimize the possibility that marine mam-

mals close to the seismic source might be exposed to levels of sound high enough to cause short or long–
term hearing loss or other physiological injury.  During this project, sounds were generated by the Geo 
Celtic’s airgun array in order to collect seismic data on and near Statoil’s lease holdings in the Chukchi 
Sea.  Given the nature of the operations and mitigation measures, no serious injuries or deaths of marine 
mammals were anticipated as a result of the seismic survey.  No such injuries or deaths were attributed to 
these activities.  Nonetheless, the seismic survey operations described in Chapter 2 had the potential to 
“take” marine mammals by harassment.  Behavioral disturbance to marine mammals is considered to be 
“take by harassment” under the provisions of the MMPA.   

Under current NMFS guidelines (e.g., NMFS 2010), “safety radii” for marine mammals around 
airgun arrays are customarily defined as the distances within which received sound levels are ≥180 dB re 1 
µPa (rms)2

Disturbance to marine mammals could occur at distances beyond the safety radii if the mammals 
were exposed to moderately strong pulsed sounds generated by the airguns or perhaps by sonar 
(Richardson et al. 1995).  The NMFS assumes that marine mammals exposed to airgun sounds with 
received levels ≥160 dB re 1 μPa (rms) are likely to be disturbed.  That assumption is based mainly on 
data concerning behavioral responses of baleen whales, as summarized by Richardson et al. (1995) and 
Gordon et al. (2004).  Dolphins and pinnipeds are generally less responsive than baleen whales (e.g., 
Stone 2003; Gordon et al. 2004), and 170 dB (rms) may be a more appropriate criterion of potential 
behavioral disturbance for those groups (LGL Ltd. 2005a,b).  In general, disturbance effects are expected 

 for cetaceans and ≥190 dB re 1 μPa (rms) for pinnipeds.  Those safety radii are based on an 
assumption that seismic pulses at lower received levels will not injure these mammals or impair their 
hearing abilities, but that higher received levels might have some such effects.  The mitigation measures 
required by IHAs 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.   

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

received by the animal.  Received levels of airgun pulses measured on an “rms” basis (sometimes described as 
Sound Pressure Level, SPL) are generally 10-12 dB lower than those measured on the “zero-to-peak” basis, and 
16-18 dB lower than those measured on a “peak-to-peak” basis (Greene 1997; McCauley et al. 1998, 2000a,b).  
The latter two measures are the ones commonly used by geophysicists.  Unless otherwise noted, all airgun pulse 
levels quoted in this report are rms levels.  Received levels of pulsed sounds can also be described on an energy or 
“Sound Exposure Level” basis, for which the units are dB re (1 µPa)2 · s.  The SEL value for a given airgun pulse, 
in those units, is typically 10-15 dB less than the rms level for the same pulse (Greene 1997; McCauley et al. 1998, 
2000a,b), with considerable variability (Madsen et al. 2006; see also Chapter 3 of this report).  SEL (energy) 
measures may be more relevant to marine mammals than are rms values (Southall et al. 2008), but the current 
regulatory requirements are based on rms values. 
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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.  Some individuals 
may exhibit behavioral responses at received levels somewhat below the nominal 160 or 170 dB (rms) 
criteria, but others may tolerate levels somewhat above 160 or 170 dB (rms) without reacting in any 
substantial manner.  For example, migrating bowhead whales in the Alaskan Beaufort Sea have shown 
avoidance at received levels substantially lower than 160 dB (rms; Miller et al. 1999; Richardson et al. 
1999).  However, recently acquired acoustic evidence suggests that some whales may not react as much 
or in the same manner as suggested by those earlier studies (Blackwell et al. 2008).  Beluga whales may, 
at times, also show avoidance at received levels below 160 dB (rms; Miller et al. 2005).  In contrast, 
bowhead whales on the summer feeding grounds tolerate received levels of 160 dB (rms) or sometimes 
more without showing significant avoidance behavior (Richardson et al. 1986; Miller et al. 2005; Lyons 
et al. 2008).   

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

NMFS granted the IHA to Statoil on the assumptions that  
• the numbers of whales and seals potentially harassed (as defined by NMFS criteria) during seis-

mic operations would be “small”,  
• the effects of such harassment on marine mammal populations would be negligible,  
• no marine mammals would be seriously injured or killed,  
• there would be no unmitigated adverse effects on the availability of marine mammals for sub-

sistence hunting in Alaska, and 
• the agreed upon monitoring and mitigation measures would be implemented.  

The LOA issued to Statoil by USFWS required Statoil to observe a 190 dB (rms) safety radius for 
polar bears and a 180 dB (rms) safety radius for walruses. 

Mitigation and Monitoring Objectives  
The objectives of the mitigation and monitoring program were described in detail in Statoil’s IHA 

application (Statoil 2009) and in the IHA issued by NMFS to Statoil (Appendix A).  An explanation of 
the monitoring and mitigation requirements was published by NMFS in the Federal Register (NMFS 
2010).   

The primary objectives of the monitoring program were to 
• provide real–time sighting data needed to implement the mitigation requirements;   
• estimate the numbers of marine mammals potentially exposed to strong seismic pulses; and 
• determine the reactions (if any) of marine mammals potentially exposed to seismic sound 

impulses. 
Specific mitigation and monitoring objectives and requirements were described in the IHA and LOA 
(Appendices A and B).  Mitigation and monitoring measures that were implemented during the activities 
in the Chukchi Sea are described in detail in Chapter 4. 

The purpose of the mitigation program was to avoid or minimize potential effects of Statoil’s 
seismic survey on marine mammals and subsistence hunting.  This required that shipboard personnel 
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detect marine mammals within or about to enter the designated safety radii [190 dB (rms) for pinnipeds 
and polar bears and 180 dB (rms) for cetaceans and Pacific walrus], and in such cases initiate an 
immediate power down (or shut down if necessary) of the airguns.  A power down involves reducing the 
source level of the operating airguns, in this case by reducing the number of airguns firing.  A shut down 
involves temporarily terminating the operation of all airguns.  Additionally, the safety radii were 
monitored in good visibility conditions for 30 minutes prior to starting the first airgun and during the 
ramp up procedure to ensure that marine mammals were not near the airguns when operations began (see 
Appendix A and Chapter 4).  The location and timing of survey activities was planned in coordination 
with representatives of the North Slope communities in order to avoid adverse impacts to subsistence 
harvest of marine mammals and other resources.   
 Mitigation measures within the 160 dB (rms) isopleth were also required, as described in the IHA 
issued by NMFS, for an aggregation of 12 or more non-migratory mysticete whales and in the LOA 
issued by USFWS for aggregations of 12 or more Pacific walruses.  This area was monitored by vessels 
that accompanied the seismic vessel.  Power down of the seismic airgun array was required if an 
aggregation of 12 or more non-migratory mysticete whales or Pacific walruses were detected a within the 
160 dB (rms) isopleth.  

Report Organization  
This 90–day report summarizes the seismic survey activities and describes the methods and results 

of the mitigation and monitoring performed to meet the above objectives as required by the IHA and LOA 
(Appendices A and B).  Various other marine mammal and acoustic monitoring and research programs 
not specifically related to the above objectives were also implemented by Statoil in the Chukchi Sea 
during 2010.  Results of those additional efforts will be reported at a later date.   

This report includes five chapters:  
1. background and introduction (this chapter);  
2. description of Statoil’s seismic study;  
3. acoustic sound source measurements during the field season; 
4. description of the marine mammal monitoring and mitigation program and the data analysis 

methods;  
5. results of the marine mammal monitoring program and estimates of potential “take by haras-

sment”; 
In addition, there are 11 appendices that provide copies of relevant documents and details of field 

procedures and data analysis methods and results.  The appendices include 
A.  copy of the IHA issued by NMFS in 2010 to Statoil for this study; 
B.  copy of the Chukchi Sea LOA issued by USFWS to Statoil for this study; 
C. descriptions of vessels and equipment; 
D. sound source verification Calibration Tables; 
E. details of monitoring, mitigation, and analysis methods; 
F. Beaufort wind force definitions; 
G. background on marine mammals in the Chukchi Sea; 
H. marine mammal monitoring results during the Chukchi Sea seismic survey; 
I. list of all marine mammal detections;   
J. weekly maps of vessel activity and marine mammal sightings; 
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K. NMFS Marine Mammal Stranding Reports for carcasses observed in 2010. 
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2.  SEISMIC SURVEY DESCRIBED1

Marine mammal monitoring was conducted from three vessels operated by Statoil in the Chukchi 
Sea in 2010 in support of seismic exploration.  The seismic source vessel (M/V Geo Celtic) was the 
primary exploration vessel and used a 26-airgun array for seismic acquisition.  Details of the seismic 
survey and marine mammal monitoring program for the Chukchi Sea are described below.   

 

The Geo Celtic was used as the source vessel during Statoil’s 3D and 2D seismic exploration 
activities in the Chukchi Sea in 2010.  Two other vessels, the M/V Tanux I and the R/V Norseman I, were 
the monitoring vessels associated with the Geo Celtic.  Detailed description of these vessels can be found 
in Appendix C.  The results of the marine mammal monitoring program were based on observations by 
marine mammal observers (MMOs) aboard the Geo Celtic and the two monitoring vessels.  All vessels 
operated in accordance with the provisions of the IHA issued by NMFS (Appendix A) and the LOA 
issued by USFWS (Appendix B). 

Operating Areas, Dates, and Navigation 
The geographic region where the seismic survey occurred was in or near specific Statoil lease 

holdings in the Chukchi Sea Planning Area designated as Oil and Gas Lease Sale 193 (Fig. 2.1).  Seismic 
acquisition occurred in the Chukchi Sea ~240 km (150 mi) west of Barrow and ~160 km (100 mi) 
northwest of Wainwright in Outer Continental Shelf (OCS) waters averaging 30–50 m (100-165 ft) deep 
and outside the polynya zone (Fig. 2.1).  

The Geo Celtic left Dutch Harbor on 8 Aug and entered the Chukchi Sea survey area (the area 
north of Point Hope, 68.34ºN latitude) on 11 Aug.  Statoil’s seismic contractor, Fugro, deployed the 
seismic acquisition equipment and JASCO Research Ltd. (JASCO) conducted measurements of the 
underwater sound produced by the airgun array and mitigation airgun on 22–24 Aug.  Acoustic 
measurements were conducted at Statoil’s exploration lease area in the Chukchi Sea, approximately 190 
km (118 mi; see Chapter 3 for a complete description of the sound source measurements and analysis).  
JASCO calculated preliminary disturbance and safety radii within 5 days of completion of the 
measurements.  These radii were the basis for implementation of mitigation by MMOs during seismic 
survey activities thereafter. 

The Geo Celtic collected seismic data in the Chukchi Sea from 20 Aug through 1 Oct.  The Geo 
Celtic departed the Chukchi Sea on 4 Oct arriving in Dutch Harbor on 6 Oct.  Statoil completed ~4482 
km (2714 mi) of seismic data acquisition in the Chukchi Sea in 2010. 

On each seismic line, the airguns were firing for a period of time during ramp up, and during “lead 
in” periods before the beginning of seismic data acquisition at the start of each seismic line.  The airguns 
were also firing during “lead out” periods after completion of each seismic line, before the full array was 
powered down to a single gun for transit to the next survey line.  Periods of full array firing including 
periods of lead in, lead out, and ramp up occurred along 5388 km (3348 mi) of trackline.  During turns 
from one seismic line to the next, or during power down periods for marine mammals observed within the 
safety radii of the full airgun array, the single mitigation gun was operated along 2700 km (1678 mi) of 
vessel trackline.  Thus, one or more airguns were operated along 8073 km (5016 mi) of total trackline in 
the Chukchi Sea in 2010. 

   

                                                 
1 By Megan Blees, Kris Hartin and Darren Ireland (LGL). 
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FIGURE 2.1.  Location of the 3D seismic survey activity (red outline) and 2D trackline (yellow line).  The 
boundary of the polynya is shown by the thin black line which also delineates the boundary of Lease Sale Area 
193.   

 
Throughout the survey, the Geo Celtic’s position and speed were logged digitally every ~60 s.  In 

addition, the position of the Geo Celtic, water depth, and information on the number and volume of 
airguns that were firing were collected by the marine mammal observers (MMOs) while on duty.  This 
includes when the Geo Celtic was offline (e.g., prior to shooting at full volume) or was online but not 
recording data (e.g., during airgun or computer problems). 

Airgun Description  
The seismic source used by Statoil and Fugro consisted of a pair of 3000 in3 three-string arrays of 

Sodera G-type airguns towed approximately 394 m (431 yd) behind the Geo Celtic for its seismic survey 
operations.  The arrays were fired alternately on consecutive shots, sometime referred to as a flip-flop 
pattern, as the vessel traveled along the survey line.  Each array was comprised of three Sodera G-type 
airgun sub-arrays, and had a total volume of 3,000 in3.  Airguns were operated at an air pressure of 2000 
psi.  Individual airguns in the sub-arrays ranged in volume from 60 to 250 in3 and included four 60-in3, 
eight 70-in3, six 100-in3, four 150-in3, and four 250-in3 airguns in two-gun clusters.  A 60-in3 airgun was 
used as a mitigation source during power downs when marine mammals were observed within or about to 
enter the applicable full array safety radius and during turns.  Each string was 15 m (16 yd) in length, and 
was 10 m (11 yd) from the adjacent string(s).  The airgun arrays were towed at a depth of 6 m (19.7 ft) 
and spacing between arrays was 50 m (55 yd).  Air compressors aboard the Geo Celtic were the source of 
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high pressure air used to operate the airgun arrays.  Seismic pulses were emitted at intervals of 25 m (27 
yd); average time between shots was 10 sec) while the Geo Celtic traveled at a speed of 7.4–9.3 km/h (4 
to 5 kt).  The system also included 12 hydrophone streamers, each 4050 m (4429 yd) long, with 
hydrophones spaced 100 m apart over the entire length of each streamer.  The hydrophone streamers 
recorded the reflected and refracted sound energy as it returned from the sub surface.  In general, the Geo 
Celtic towed this system along a predetermined survey track, although adjustments were occasionally 
made during the field season to avoid obstacles or during repairs to the equipment.  Characteristics of the 
airgun arrays are detailed in Appendix C. 

Marine Mammal Monitoring 
Vessel-based marine mammal monitoring and mitigation was conducted from the Geo Celtic and 

its associated monitoring vessels (Tanux I and Norseman I) throughout the seismic operations in the 
Chukchi Sea.  Chapter 4 provides a detailed description of the methods and equipment used for 
monitoring and mitigation during the deep seismic survey, as well as the data analysis methodology.  
Results of the marine mammal monitoring program are presented in Chapter 5. 

In addition to the visual marine mammal monitoring conducted by MMOs, Statoil tested two types 
of monitoring tools: (1) a vessel-mounted 360° infrared (IR) camera and whale blow-detection system, 
and (2) a towed passive acoustic monitoring (PAM) system.  The IR camera system was installed on the 
Geo Celtic in order to test its ability to detect marine mammals and functionality as an aid to MMOs.  
Data were collected over the duration of the survey and recorded on hard drives for post-processing.  
Preliminary analysis confirms records of blow-signatures from mystecete and odontocete whales and 
body-signatures of Pacific walruses at the surface during calm conditions.  The PAM system (JASCOs 
Cetacean Towed Array Sonar [CETAS]) was deployed from the Norseman I between 21 Sep and 8 Oct 
2010 to test the ability to detect and localize marine mammal vocalizations.  The ability of the PAM 
system to detect lower-frequency cetacean calls, such as the bowhead whale (Balaena mysticetus), was of 
particular interest as they are often difficult to detect due to extraneous noise (i.e. vessel noise).  
Preliminary analysis indicates that vocalizations of bowhead and beluga whales, as well as bearded seals 
and walrus were recorded.  Results for both IR and PAM system trials are still preliminary and are not 
presented in this report.  However, reports describing the equipment tested and the results are expected to 
be available for distribution in the spring of 2011.     

Communication with Native Communities 
While working in the Chukchi Sea, personnel contracted by Statoil (most often the MMOs) aboard 

the Geo Celtic and its monitoring vessels routinely contacted native communities via communication 
centers (comm. centers) established at Point Hope, Wainwright, and Barrow.  These communications 
were intended to ensure that project activities did not interfere with subsistence hunting along the coast.  
The primary comm. center contacted during the survey was in Wainwright and communications were 
made via phone or email by each vessel every six hours.  The current vessel location and activities were 
reported during each call.  Additional contacts were made with the Wainwright comm. center on the two 
occasions when the Norseman I went to Wainwright to complete personnel transfers.  There were no 
reported conflicts encountered during the survey. 
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3. SOUND SOURCE VERIFICATION1

Introduction 

 

Sound Source Verification Overview 
This chapter presents detailed results of the underwater sound measurements performed during 

Statoil’s 2010 3-D marine seismic survey program in the Chukchi Sea, Alaska.  The goal of the sound 
level measurements was to verify and refine the sizes of marine mammal exclusion safety zones that are 
defined by root-mean-square (rms) sound levels near the seismic survey airgun sources.  The underwater 
sound measurements of the Geo Celtic’s 3000 in3 airgun arrays and 60 in3 mitigation airgun were 
conducted by JASCO Applied Sciences during 22-24 August 2010.  Preliminary analyses of the acquired 
acoustic data were performed in the field and distances to sound level thresholds 190, 180, 160 and 120 
dB re 1 µPa (rms) were presented in a 5-day field report.  Those results were used during the survey to set 
marine mammal exclusion zones that were monitored by marine mammal observers (MMOs) during 
active survey operations.  A more detailed analysis of the acoustic data was performed since.  This 
chapter presents the results of the more detailed analyses of the sound source verification (SSV) data. 

Methods 
Measurement Apparatus and Calibration 

Underwater sound level measurements were obtained using three autonomous Ocean Bottom 
Hydrophone (OBH) recorder systems (see Fig. 3.1).  The OBH units recorded two channels of acoustic 
data using two different hydrophone sensitivities.  The lower sensitivity channel used a Reson TC4043 
with nominal sensitivity -201 dB re V/μPa, and the higher sensitivity channel used a Reson TC4032 with 
nominal sensitivity -170 dB re V/μPa.  The acoustic data were recorded on calibrated Sound Devices 722 
24-bit audio hard-drive recorders at 48 kHz sampling rate.  Upon retrieval of the recorders, the data were 
transferred to external hard drives for backup.  The OBHs provided high-resolution, digital underwater 
sound recordings during the SSV tests. 

All of the OBH systems were calibrated prior to deployment using a GRAS pistonphone calibrator 
which generated a 250 Hz reference tone played into the hydrophones of the OBH systems.  The pressure 
calibration was obtained from the level of the reference signals in the digital recordings, thereby 
providing end-to-end calibrations of the complete monitoring systems.  Calibration results are provided in 
Table D.1 through Table D.5 in Appendix D. 

 

                                                 
1 By Caitlin O’Neill, Del Leary, and Andrew McCrodan (JASCO Applied Sciences) 
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FIGURE 3.1.  Photograph of a JASCO Ocean Bottom Hydrophone (OBH) recorder with 
ballast anchor. 

 

Field Measurement Procedures 
SSV measurements were conducted at Statoil’s exploration lease area in the Chukchi Sea, 

approximately 190 km (118 mi) northwest of Wainwright.  Three calibrated OBH recorders were 
deployed from the monitoring vessel R/V Norseman I to measure in situ SPLs versus distance from the 
survey vessel’s airgun arrays.  Sound level measurements for the 3000 in3 airgun arrays were measured in 
both the broadside (perpendicular to survey line) and endfire (parallel to survey line) directions, in order 
to capture their directivity.  Omni-directional sound levels from the 60 in3 mitigation airgun were 
measured using a single OBH recorder during the survey vessel’s line turn. 

Fig. 3.2 shows a diagram of the SSV test layout for Geo Celtic’s 3000 in3 airgun arrays and 60 in3 
mitigation airgun.  The Geo Celtic fired its airgun arrays along four track lines at its nominal survey speed 
of 4.4 knots (8.1 km/h).  These seismic survey lines were approximately 45 km (28 mi) long with a 40 km 
(25 mi) approach and 5 km (3 mi) run out.  All the track lines were oriented west-east, perpendicular to 
the line of OBHs.  Measurements of sound levels from Geo Celtic’s 60 in3 mitigation airgun were 
obtained by repositioning the OBH at station A1 to station A2, at the apex of a line change.  The 
mitigation airgun turn was 20 km long.  The OBH recorders at stations B and C were not used for the 
mitigation airgun measurements. 

During 3-D surveying, Geo Celtic’s airguns fired every 18.75 m (20.5 yd) over ground 
(approximately every 10 seconds).  Each OBH recorded approximately 24 hours of seismic data.  After 
completion of the SSV test, the monitoring vessel Norseman I returned to the test area to recover the 
OBHs.  Table 3.1 shows the start and end coordinates of each of the four SSV test lines and the mitigation 
turn.  Table 3.2 shows the OBH locations and deployment and retrieval times. 
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FIGURE 3.2.  Map of Statoil’s seismic survey area with the SSV survey lines and OBH deployment 
locations.  Blue contours indicate water depth in meters. 

 
TABLE 3.1.  SSV survey line coordinates (WGS-84) and start and end times. 

Survey Line Start Time (UTC) End Time (UTC) Start Coordinates End Coordinates 
1145-68 23/Aug/10 21:26 24/Aug/10 01:34 71º 33.778’N  

163º 40.508’W 
71º 34.032’N 
164º 47.336’W 

1169-92 23/Aug/10 02:31 23/Aug/10 07:30 71º 34.014’N  
163º 31.182’W 

71º 34.349’N 
164º 47.333’W 

1601-24 24/Aug/10 04:36 24/Aug/10 10:00 71º 40.140’N  
164º 34.510’W 

71º 39.660’N  
163º 08.756’W 

1625-48 23/Aug/10 11:44 23/Aug/10 17:24 71º 40.481’N  
164º 39.010’W 

71º 40.028’N  
163º 13.763’W 

Mitigation 
Turn  

24/Aug/10 19:26 24/Aug/10 22:10 71º 34.994’N 
164º 48.419’W 

71º 40.387’N 
164º 53.751’W 
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TABLE 3.2.  OBH location coordinates (WGS-84) and deployment and retrieval times for the SSV 
measurements. 

Station Deployment 
Time (UTC) 

Retrieval Time 
(UTC) 

Latitude Longitude Water 
Depth (m) 

OBH A1 23/Aug/10 03:22 24/Aug/10 15:22 71º 40.205’N 164º 30.979’W 41 
OBH A2 24/Aug/10 18:17 24/Aug/10 23:18 71º 37.776’N 165º 03.207’W 38 
OBH B 23/Aug/10 02:02 25/Aug/10 01:21 71º 35.080’N 164º 31.091’W 43 
OBH C 22/Aug/10 19:24 25/Aug/10 07:52 70º 57.459’N 164º 32.076’W 43 

 
Acoustic Metrics 

By convention, underwater noise is measured in decibels (dB) relative to a fixed reference pressure 
of 1 μPa (equal to 10-6 Pa or 10-11 bar).  Sound pressure levels (SPL) from impulsive noise sources are 
commonly characterized by three acoustic metrics: peak SPL, root-mean-square (rms) SPL, and sound 
exposure level (SEL).  The standard equations for computing these metrics are provided below. All 
acoustic pressures in these formulas are in units of μPa. 

The peak SPL (symbol Lpk) is the maximum instantaneous sound pressure level attained from a 
pressure pulse, p(t): 
 Peak SPL: ))((maxlog20 10 tpLpk =  (1) 

The rms SPL (symbol LP) is the mean square pressure level integrated over a specified time 
window T containing the pressure pulse, p(t): 

 rms SPL: 





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L )(1log10 2

10
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When computing rms SPLs for airguns and other impulse noise sources, the time interval is 
generally taken to be the 90% energy pulse duration, and is represented by T90 (Malme et al., 1986; 
Greene 1997; McCauley et al., 1998).  The 90% energy pulse duration for each seismic pulse is computed 
as the time window defined by the times corresponding to receipt of 5% and 95% of SEL.  rms SPLs 
computed in this way are consequently referred to as 90% rms SPLs (symbol LP90).  Because the window 
length acts as a divisor, pulses that are more spread out in time have a lower rms SPL for the same total 
SEL. 

The SEL (symbol LE) is a measure of the total sound energy contained in one or more pulses.  SEL 
for a single pulse is computed from the time-integral of the squared pressure over a fixed time window, 
long enough to include the entire pulse: 

 SEL: 

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SEL has units of dB re 1 μPa2·s and is a measure of sound exposure, rather than sound pressure.  
Species-specific SEL metrics may be computed by applying a frequency weighting filter to the pressure 
pulse data p(t) in Equation (3) before computing the SEL, as discussed in the Frequency M-Weighting 
section below. 
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The cumulative SEL of a collection of N acoustic pulses is the sum of the SELs from the individual 
pulses: 

 Cumulative SEL: 
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where LE
(i) is the SEL of the ith pulse. 

To compute SPL and SEL of pulses in the presence of high levels of background noise, Equations 
2 and 3 are modified to subtract the background noise contribution from the pulse energy: 

 90% rms SPL: 
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where 2n  is the mean square pressure of the background noise, generally computed by averaging 
the squared pressure of a nearby segment of the acoustic recording during which pulses are absent (i.e., 
between pulses). 

Because the 90% rms SPL and SEL are both computed from the integral of square pressure, these 
metrics are related by a simple expression, which depends only on the duration of the 90% integration 
time window T90: 

 LE = LP90 458.0)log(10 90 ++ T  (7) 

where the 0.458 dB factor accounts for the rms level containing 90% of the total energy from the 
per-pulse SEL. 

Exposure Criteria and M-weighting 
NMFS Criteria 

Operational safety radii for the 2010 Statoil Seismic Survey Program were based on rms auditory 
injury criteria developed by the National Marine Fisheries Service (NMFS).  NMFS has defined two 
noise exposure criteria, corresponding to Level A harassment (auditory injury) and Level B harassment 
(behavioral disturbance) as defined in the US Marine Mammal Protection Act (see Richardson et al., 
1995, §1.3).  The NMFS criteria are based on the un-weighted rms SPL of single airgun pulses.  The 
NMFS Level A criteria are based on estimates of marine mammal hearing damage thresholds extrapolated 
from known Damage Risk Criteria for humans (see discussion in Richardson et al., 1995, §10.5).  The 
NMFS Level A criteria, intended to represent cautionary estimates for the onset of auditory system injury, 
are 190 dB re 1 µPa (rms) for pinnipeds and 180 dB re 1 µPa (rms) for cetaceans (e.g., US Federal 
Register 60:53753-60).  The airgun array was to be powered down or shut down when marine mammal 
observers detected seals within the pre-defined 190 dB re 1 µPa safety radius and/or whales within the 
pre-defined 180 dB 1 µPa safety radius. 

NMFS has also established a threshold criterion for behavioral responses (Level B harassment) to 
impulse noise sources.  The threshold for the onset of behavioral response to seismic pulses is 160 dB re 1 
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µPa rms SPL, based on estimated received seismic noise levels during behavioral studies where baleen 
whales exhibited avoidance behavior around airgun pulses (e.g., Malme et al., 1984 and 1986).  The 
airgun arrays were to be powered down or shut down when marine mammal observers detected 
aggregations of baleen whales (12 or more) within the ≥160 dB re 1 µPa ( rms) zone.  The NMFS 
behavioral threshold criterion was also used to estimate the number of animals potentially affected by the 
seismic survey. 
Southall Auditory Injury Criteria 

Recent literature suggests that frequency dependence of marine mammal hearing should be 
considered when establishing safety radii for seismic surveys.  Based on a review of literature on marine 
mammal hearing and on physiological and behavioral responses to anthropogenic sound, Southall et al. 
(2007) have recently proposed alternative injury criteria for marine mammals, based on the peak SPL and 
SEL metrics.  These criteria account for the type of sound (non-pulse, single-pulse, or multi-pulse), as 
well as the approximate hearing ranges of the mammals involved.  The Southall injury criteria are for the 
onset of PTS (permanent threshold shift) in marine mammals.  PTS is associated with unrecoverable 
hearing loss and auditory organ tissue damage. For a multi-pulse source such as an airgun array, Southall 
et al. have proposed the following injury criteria: 

• Peak SPL: 230 and 218 dB re 1 µPa (unweighted) for cetaceans and pinnipeds, respectively 
• SEL: 198 and 186 dB re 1 µPa2·s (M-weighted) for cetaceans and pinnipeds, respectively 

For a given situation, the more conservative of these two conditions should be applied.  The 
Southall criteria were not mentioned in the Statoil IHA and these were not implemented to define 
exclusion zones.  However, we have computed the Southall criteria metrics for the individual SSV survey 
lines to provide a comparison with the rms criteria implemented in the field. 
Frequency M-Weighting 

The M-weighting approach of Miller et al. (2005) is commonly applied to account for the different 
hearing abilities of different marine mammals groups.  It is similar to the C-weighting method that is used 
for assessing impacts of loud impulsive sounds on humans.  M-weighting accounts for decreased hearing 
sensitivity above and below the most sensitive hearing range of marine mammals.  Weighting curves are 
defined for five marine mammal groups: low-frequency cetaceans, mid-frequency cetaceans, high-
frequency cetaceans, pinnipeds in air (not considered here), and pinnipeds underwater (see Table 3.3).  
The decibel weighting as a function of frequency, W(f), is: 
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where fhi and flo are the estimated upper and lower hearing limits specific to each functional hearing group 
(Table 3.3).  Fig. 3.3 shows the four underwater M-weighting curves as a function of frequency for each 
hearing group. M-weighted SELs are used for computing the Southall noise exposure criteria in a later 
section in this report. 
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TABLE 3.3.  Functional marine mammal hearing groups and 
associated auditory bandwidths, as per Miller et al. (2005). 

Functional hearing group 
Estimated auditory bandwidth 
flo fhi 

Low-frequency cetaceans 7 Hz 22 kHz 
Mid-frequency cetaceans 150 Hz 160 kHz 
High-frequency cetaceans 200 Hz 180 kHz 
Pinnipeds (underwater) 75 Hz 75 kHz 
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FIGURE 3.3.  Decibel M-weighting versus frequency for underwater marine mammal functional 
hearing groups: low- (LFC), mid- (MFC), and high-frequency cetaceans (HFC), and pinnipeds 
underwater (Pinn). 
 

Data Analysis Procedures 
SPL Threshold Radii 

Acoustic data were analyzed using custom processing software, to determine peak and rms SPLs 
and sound exposure levels (SELs) versus range from the airgun arrays.  The data processing steps were as 
follows: 

1. Airgun pulses in the OBH recordings were identified using automated detection algorithm. 

2. Waveform data were converted to units of μPa using the calibrated hydrophone sensitivity of 
each OBH system. 

3. For each pulse, the distance to the airgun array was computed from the GPS deployment 
coordinates of the OBH systems and the time referenced P1/90-S navigation logs of the survey 
vessel. 
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The airgun pulses were processed to determine peak sound pressure level (Peak SPL), 90% rms 
sound pressure level (SPLrms90) and sound exposure level (SEL). 

In order to estimate distances to the different rms SPL threshold levels, the SPL data were fit to an 
empirical propagation loss curve of the following form: 

BRRASLRL −−= 10log  

where R is the horizontal range from the source to the OBH, RL is the received sound level, SL is 
the estimated source level term, A is the geometric spreading loss coefficient and B is the absorptive loss 
coefficient.  This equation was fit to the SPL data by minimizing (in the least-squares sense) the 
difference between the trend line and the measured level-range samples.  In order to provide 
precautionary estimates of the threshold radii, the best fit line was shifted upwards (by increasing the 
constant SL term) so that the trend line encompassed 90% of all the data.  The 90th percentile best-fit 
values for SL, A, and B are shown in the SPL plot annotations in the following sections. 
Cumulative SEL 

The M-weighted cumulative SEL metric considers the total SEL received from multiple pulses and 
also accounts for frequency-dependent hearing sensitivity of different species groups.  The auditory injury 
cumulative SEL threshold is 198 dB re 1 µPa2-s (M-weighted) for cetaceans and 186 dB re 1 µPa2-s (M-
weighted) for pinnipeds under water. 

The cumulative SEL metric proposed by Southall et al. involves summing the single pulse SEL’s 
for multiple pulses.  They acknowledge that this approach is very conservative because it does not make 
any allowance for the recovery of hearing between pulse exposures.  Their proposed cumulative SEL 
metric (flat weighted) is defined in Equation 4 above. 

In the present study the cumulative SEL levels (both flat-weighted and M-weighted) were 
computed for all shots in a single seismic line.  We computed these levels from data from both OBHs at 
both prospects.  It is important to note that if these levels were to be used for assessing impact then one 
would assume the exposed animals remained stationary throughout the exposure (while the airguns 
operated along the entire survey line).  It is more likely that an animal would move away from the survey 
line as the seismic vessel approached, resulting in lower cumulative SEL received.  It is considered 
unlikely that an animal would swim parallel to a seismic survey at close distance thereby receiving the 
maximum possible SEL. 
Ambient Sound Levels 

Spectral analysis was used to determine the statistical distribution of ambient noise over the entire 
recording period.  For each recording, sound spectra were computed from the acoustic data using a 1-
second sliding analysis window (48,000 samples) with 50% overlap.  The time-domain data were shaded 
using a normalized Hanning window in order to minimize spectral leakage.  Sound power spectral levels 
were computed with 1 Hz frequency resolution up to the Nyquist frequency (24 kHz).  The statistical 
distribution of the ambient noise was calculated by constructing a histogram of the spectral values.  A bin 
width of 0.1 dB was used for the ambient noise histograms.  The histogram distributions were used to 
calculate the 5th, 25th, 50th, 75th, and 95th percentile ambient noise spectral levels (note that the nth 
percentile level is defined as the sound level that was exceeded n% of the time, in compliance with ISO 
standard 1996-1:1982). 
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Results 
CTD Data 

CTD (conductivity, temperature, depth) profiles of the water column at each OBH location were 
sampled before and after the SSV test.  The sound speed was calculated from these measurements using 
Coppens’ formulae (Coppens, 1981).  The water temperature and salinity casts obtained with the CTD 
profiler at stations OBH A1, OBH A2, and OBH B showed a well-mixed ~17-m (19 yd)-thick layer of 
warmer surface water (~4.2 °C) above a deeper layer of cold water (~–0.6 °C).  The salinity of the well-
mixed surface layer was ~3.0 ppt less than that of the deeper cold layer.  These temperature and salinity 
conditions resulted in a two-layer sound speed profile, with a sharp transition from a higher speed surface 
layer (~1460 m/s) to a lower speed bottom layer (~1445 m/s) at 17 m (19 yd) depth.  At OBH C, the water 
temperature was ~1.0 degrees warmer throughout the water column than at the other OBH locations.  This 
increased the sound speed to ~1465 m/s in the surface layer and ~1450 m/s in the bottom layer. 

The sound speed profiles measured before and after the SSV test at all OBH locations are shown in 
Fig. 3.4.  These profiles, having higher sound speed near the sea-surface, are downward refracting.  The 
sound speed minimum at the bottom could generate a sound duct that would trap sound energy, resulting 
in higher sound levels near the seabed than near the surface.  However, this profile may also result in 
higher acoustic propagation loss due to increased interaction with the seabed. 

SPL Measurements 
Airgun Array 

Peak SPL, 90% rms SPL and SEL for each shot were computed from acoustic data for all three 
OBHs. Fig. 3.5 shows plots of sound level versus range data from the SSV site for the endfire and 
broadside directions from the 3000 in3 airgun array.  The endfire SPL data in Fig. 3.5a were obtained 
from OBH A1, which was located directly on the longest survey vessel track line (track line 1601-24).  
The broadside SPL data in Fig. 3.5b were obtained by taking 3 to 5 points around the broadside lobe on 
OBH A1 and 11 points around the broadside lobe on OBH B and OBH C.  Table 3.4 shows ranges to the 
190 dB to 120 dB re 1 µPa rms SPL thresholds, in 10 dB increments, computed from the 90th percentile 
empirical curve fits to the SPL versus distance data.  The curve fit for endfire data Fig. 3.5a over-
estimates radii at distances less than 200 m (219 yd) due to near-field effects that are not accounted for in 
the fitted approximation, however safety threshold set at 190 dB occurs at a distance greater than 200 m 
(219 yd) keeping the approximation valid. 
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FIGURE 3.4.  Ocean sound speed profiles measured before and after the SSV test. Note 
that sound speed in seawater was computed from in situ temperature and salinity 
measurements.  Red lines are pre-deployment and blue lines are post-deployment.  The 
double lines correspond to the upcast and downcast of the CTD profiler. 
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(a) 

 
(b) 

FIGURE 3.5.  Peak SPL, rms SPL, and sound exposure level (SEL) versus range for 3000 in3 array 
airgun pulses at the SSV site: (a) endfire on OBH A1, and (b) broadside on OBH A1, B, and C. Solid 
line is best fit of the empirical function to SPLrms90 values. Dashed line is the best-fit adjusted to 
exceed 90% of the SPLrms90 values. 

 
 

TABLE 3.4.  Threshold radii at the SSV site as determined from 90th percentile fit to SPLrms90 versus 
distance data in Fig. 3.5. 

SPLrms90 
Threshold 
(dB re 1 µPa) 

Endfire Broadside 
Best-Fit Line 

Radius 
90th Percentile 

Radius 
Best-Fit Line 

Radius 
90th Percentile 

Radius 
190 300 m 370 m 430 m 520 m 
180 1,000 m 1,300 m 1,400 m 1,600 m 
170 3,300 m 4,000 m 4,100 m 4,900 m 
160 8,600 m 10,000 m 11,000 m 13,000 m 
150 18,000 m 19,000 m 27,000 m 30,000 m 
140 30,000 m 32,000 m 52,000 m 57,000 m 
130 43,000 m 46,000 m 85,000 m 91,000 m 
120 59,000 m 61,000 m 123,000 m 130,000 m 
 
 
Fig. 3.6 shows waveform and spectrum plots a single airgun pulse in the endfire direction at 460 m 

(503 yd; 183 dB re 1 µPa), 1359 m (1486 yd; 180 dB re 1 µPa), 1953 m (2136 yd; 178 dB re 1 µPa), and 
9393 m (10,272 yd; 159 dB re 1 µPa). Fig. 3.7 shows waveform and spectrum plots for the same ranges in 
the broadside direction for comparisons with the corresponding endfire measurements.  The waveforms 
show that pulse dispersion increases with distance from the source where the time length increases due to 
high frequencies traveling faster than lower frequencies.  At greater ranges prominent low-frequency sub-
bottom or head-waves (< 30 Hz), which travel through the seafloor sediments, can be detected before the 
water-borne pulse that travels through the water column.  This phenomenon is due to the higher sound 
speeds within the marine sediments than in water.  The red bars on the waveform plots indicate the 90% 
energy pulse duration. Fig.  3.7a includes a small pulse at the relative time of 1.7 seconds.  This is likely 
an echosounder on the Geo Celtic that was operating during the SSV acquisition.  It has a center 
frequency at approximately 8 kHz, as shown in the corresponding spectrum plot and in the spectrum plot 
of Fig. 3.8a.  
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FIGURE 3.6.  Waveform and corresponding spectrum plots of an airgun pulse at 
various distances (a) 460 m, (b) 1359 m, (c) 1953 m, and (d) 9393 m in the rear 
endfire direction. The red bars on the waveform plot indicate the 90% energy pulse 
duration. 
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FIGURE. 3.7.  Waveform and corresponding spectrum plots broadside direction of an 
airgun pulse at various distances (comparative to the endfire data) for (a) 460 m, (b) 
1359 m, (c) 1953 m, and (d) 9393 m in the rear endfire direction. The red bars on the 
waveform plot indicate the 90% energy pulse duration. The red bars on the waveform 
plot indicate the 90% energy pulse duration 

a 

 b 

  c 

d 
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The most proximal and distal airgun array pulse acquisitions from the broadside direction are 
presented in Fig. 3.8.  The proximal acquisition at distances 90 m (98 yd; 202 dB re 1 µPa) and 150 m 
(164 yd; 195 dB re 1 µPa) yield pulses with a short time duration and are more impulsive in nature.  
Conversely, the distal pulse acquired at 80 km (50 mi; 133 dB re 1 µPa) has a much longer pulse length 
due to the effects of dispersion that increase with distance. 

 

 

 

 
FIGURE 3.8.  Additional waveform and corresponding spectrum plots for proximal (a) 
90 m and (b) 150 m, and distal (c) 80 km spectra in the broadside direction. 

 
Spectrograms 

Spectrograms (plots of acoustic intensity versus time and frequency) were generated for selected 
pulses (see Fig. 3.9, Fig. 3.10, and Fig. 3.11) to show the time evolution of the spectra variation of the 
airgun pulses.  This type of analysis highlights the time separation of the low frequency (< 30 Hz) ground 
refracted or head waves.  This energy arrives in advance of the water borne pulse.  Head waves and 
refracted waves propagate through the seabed where sound speeds are higher than in water.  A clear 

b 

a 

c 
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example of a head wave can be seen at 9393 m range, for both the endfire (see Fig. 3.9d) and broadside 
(see Fig. 3.10d) directions, arriving approximately 2.5 s before the water borne pulse.  The airgun pulse 
length is shown to increase in time at increasing distance due to frequency dispersion of the sound energy, 
which can be most clearly seen in Fig. 3.11c. 

 
 

  

  
FIGURE 3.9.  Spectrograms of airgun pulses at (a) 460 m, (b) 1359 m, (c) 1953 m, and (d) 9393 m range in 
the endfire direction.  The data are spectrograms of the waveforms shown in Fig. 3.6.  

 

a b 

d c 
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FIGURE 3.10.  Spectrograms of airgun pulses at (a) 460 m, (b) 1359 m, (c) 1953 m, and (d) 9393 m range in 
the broadside direction.  The data are spectrograms of the waveforms shown in Fig. 3.7. 

a 

c d 

b 
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FIGURE 3.11.  Spectrograms of airgun pulses at proximal (a) 90 m and (b) 150 m, and distal (c) 80 km 
ranges from the broadside direction.  The data are spectrograms of the waveforms shown in Fig. 3.8.  

 

Mitigation Airgun (60 in3) Measurements 
Peak SPL, 90% rms SPL and SEL for each mitigation gunshot were computed from acoustic data 

from OBH A2. Fig. 3.12 shows plots of sound level versus range data from the SSV site for the 60 in3 
mitigation airgun.  Table 3.5 presents the ranges corresponding to levels of 190 dB to 120 dB (re 1 µPa 
rms) SPL, in 10 dB increments, computed from the 90th percentile empirical curve fits to the SPL versus 
distance data. Fig. 3.13 shows waveform and spectrum plots of a mitigation airgun pulse at 50 m (54 yd), 
500 m (547 yd), and 5000 m (5468 yd).  The red bars on the waveform plots indicate the 90% energy 
pulse duration. 

a b 

c 
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FIGURE 3.12.  Peak SPL, rms SPL, and sound exposure level (SEL) 
versus range for 60 in3 mitigation airgun pulses at the SSV site. Solid 
line is best fit of the empirical function to SPLrms90 values. Dashed 
line is the best-fit adjusted to exceed 90% of the SPLrms90 values. 

 
TABLE 3.5.  Threshold radii for the mitigation airgun at the SSV 
site as determined from 90th percentile fit to SPLrms90 versus 
distance data in Fig. 3.12. 

SPLrms90 
Threshold 
(dB re 1 µPa) 

Best-Fit Line 
Radius 

90th Percentile 
Radius 

190 11 m 13 m 
180 57 m 68 m 
170 290 m 340 m 
160 1,300 m 1,500 m 
150 4,300 m 4,700 m 
140 9,700 m 10,000 m 
130 17,000 m 18,000 m 
120 25,000 m 26,000 m 
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FIGURE 3.13.  Waveform and corresponding spectrum plots of an airgun pulse at 
distances (a) 50 m, (b) 500 m, and (c) 5000 m of the mitigation airgun. The red bars on 
the waveform plot indicate the 90% energy pulse duration. 

b 

a 

c 
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FIGURE 3.14.  Spectrograms of airgun pulses at (a) 50 m, (b) 500 m, and (c) 5000 m range from the 
mitigation airgun.  The data are spectrograms of the waveforms shown in Fig. 3.13. 

 

Cumulative M-weighted SEL 
Cumulative SEL was calculated for each recorder along line 1601 according to the procedures in 

the Field Measurement Procedures section.  Each pulse was M-weighted before computing and summing 
SEL, providing cumulative SELs specific to low- (LFC), mid- (MFC), and high-frequency (HFC) 
cetaceans, and pinnipeds (PINN).  The cumulative flat- and M-weighted SEL at each OBH are shown in 
Fig. 3.15.  Flat-weighted per pulse SEL was included for comparison.  In aggregate, these data indicate 
the cumulative SEL at fixed positions at various distances from the survey line, increasing with the 
number of recorded pulses as the survey line was traversed until the line flattens out where the weak 
pulses travelling over long ranges have little contribution.  Note that if these levels were to be used for 
assessing impact then one would be assuming the exposed animals remained stationary throughout the 
exposure (while the airguns operated along the entire survey line).  The total cumulative SEL for each 
hearing group is listed in Table 3.6.  

 

a 

c 

b 
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(a) 

 
(b) 

 
(c) 

FIGURE 3.15.  Cumulative SEL: Flat and M-weighted cumulative sound exposure 
level (SEL) with flatweighted per pulse SEL for OBHs (a) A1, (b) B, and (c) C, 
situated 90 m, 10 km, and 80 km respectively, from the survey line. 
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Received per-pulse SEL increased along the survey line with decreasing source-receiver distance, 
with maximum per-pulse SEL measured at the closest point of approach (CPA).  Distances to the 
thresholds of the auditory injury criteria (see Table 3.7) proposed by Southall et al. (2007) were linearly 
interpolated from total cumulative SEL (see Table 3.6) at OBH A1 and OBH B for each species group. 
For the mid-frequency and high-frequency cetaceans, the total cumulative M-weighted SEL measured at 
the nearest recorder (OBH A1) was below the corresponding auditory injury criterion.  Therefore the 
distance to that criterion threshold is less than the range to the nearest OBH (89 m as indicated in Table 
3.7).  The SEL thresholds suggested by Southall et al. 2007 corresponding to auditory injury from pulsed 
sound sources were therefore reached only at shorter distances than the rms based thresholds for the 
airgun arrays.  This suggests that rms thresholds are more conservative than the Southall criteria for these 
sources in this environment. 

 
TABLE 3.6.  Total flat- and M-weighted cumulative sound exposure level (SEL) measured at 
fixed distances from the seismic survey line 1601. 

Distance 
from survey 
track line 

Flat-
weighted 

Total Cumulative SEL (dB re 1 µPa2s) 
Low-

frequency 
cetaceans 

Mid-
frequency 
cetaceans 

High-
frequency 
cetaceans 

Pinnipeds 
Underwater 

90 m 198.7 198.3 187.4 184.8 192.0 
10 km 184.7 184.5 176.4 173.9 180.6 
80 km 161.6 161.5 154.4 151.8 158.8 

 
TABLE 3.7.  Perpendicular distances off seismic survey line 1601 to auditory injury 
criterion thresholds proposed by Southall et al. (2007) for cumulative M-weighted 
sound exposure level (SEL). 

Functional Hearing Group Auditory Injury Criterion 
(dBMW re 1 µPa2s) 

Distance to Auditory 
Injury Threshold (m) 

Low-frequency cetaceans 198 290 
Mid-frequency cetaceans 198 < 89* 
High-frequency cetaceans 198 < 89* 
Pinnipeds 186 5,000 
* SEL auditory injury criterion not reached at closest recorder (OBH A1). 

 

Airgun Spectral Levels 
Contour plots of 1/3-octave band pressure levels, versus range and frequency, were produced for 

both endfire (see Fig. 3.16a) and broadside (see Fig. 3.16b) directions.  These contour plots show the 
measured spectral distribution of sound energy from the airgun array versus distance as well as which 
frequencies dominated sound propagation for each direction.  The endfire 1/3-octave band levels 
presented include both the forward and aft directions, and the broadside levels presented include 3 shots 
around the CPA at 100 m (109 yd), 5 shots around the CPA at 500 m (546 yd), and 10 shots around the 
CPA at all other measured ranges.  Fewer shots were chosen at ranges less than 1 km (0.6 mi) to capture 
only the broadside data.  Data was then interpolated between ranges.  In the endfire direction, frequencies 
between 10 and 200 Hz were prominent at ranges less than 300 m (328 yd).  At ranges greater than 1 km 
(0.6 mi), the dominant 1/3-octave bands were 20, 70, and 200 Hz.  In the broadside direction, the 
dominant 1/3-octave bands were 20 and 150 Hz, evident at all ranges from the source.  In both directions 
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there are elevated levels at 9 kHz at distances less than 2 km.  This is from the echosounder operating on 
the Geo Celtic at the same time as the airgun shots. 
 

 
(a) 

 
(b) 

FIGURE 3.16.  Spectral plot of the 1/3 octave band pressure levels as a function of range and frequency for 
the (a) endfire direction and (b) broadside direction. 

 
Ambient Sound Levels 

Percentiles are a statistical measurement of the relative frequency of occurrence of an event.  The 
nth percentile level is defined as the sound pressure level that was exceeded n % of the time.  In other 
words, n-percent of the time, the measured SPL was equal to or above the nth percentile.  For example, the 
95th percentile will give the level above which the measured SPL falls 95% of the time, and 5% of the 
time, the SPL will be below this level. 

For this report, rms SPL was computed within 1-second sliding analysis windows (48,000 samples) 
with 50% overlap for frequencies up to 24 kHz.  Counts were made of the number of time windows for 
which specific SPL values were measured.  Airgun shots at the furthest measured range (80 km; 50 mi) 
lasted approximately 4 seconds (see Fig. 3.11c) and airgun shots were fired every 10 seconds.  This leaves 
a sufficient amount of data between airgun shots to compute the higher percentiles in the ambient noise 
level plots.  Fig. 3.17 shows percentile noise spectral levels at each OBH location during the SSV study.  
Fig. 3.18 shows overall percentile levels for all four OBH locations during the SSV study. 
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FIGURE 3.17.  Percentile noise levels recorded during the SSV measurements at (a) OBH A1, (b) 
OBHA2, (c) OBH B, and (d) OBH C. 

 

 
FIGURE 3.18.  Percentile noise levels calculated 
from data recorded at all four OBH locations. 

 
To examine the temporal dependence of the ambient noise at each OBH location, spectral levels 

from the entire study were analyzed in 10-minute windows and are presented below in Fig. 3.19 to Fig. 
3.21.  Plots of decade-band and broadband sound level pressures are paired with plots of ambient noise 
spectral levels, and all the plots use the same time window for comparison. 

a b 

c d 



Chapter 3:  Sound Source Verification     3-25 
 

 
FIGURE 3.19.  Decade band and broadband SPLs (top) and ambient noise spectral levels (bottom) 
measured at OBH A1 and OBH A2.  White areas, the highest received levels, represent the closest 
points of approach for survey lines 1625 (left) and 1601 (right). 
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FIGURE 3.20.  Decade band and broadband SPLs (top) and ambient noise spectral levels (bottom) 
measured at OBH B.  White areas, the highest received levels, represent the closest points of 
approach for survey lines 1169 (left) and 1145 (right). 
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FIGURE 3.21.  Decade band and broadband sound pressure levels (top) and ambient noise spectral 
levels (bottom) measured at OBH C. 

 
Marine Mammal Vocalizations 

During data analysis, marine mammal vocalizations were found among the airgun shots.  JASCO 
bioacousticians, with extensive experience classifying marine mammal vocalizations, identified the 
vocalizations as primarily walrus grunts.  Using a combination of an automated detector and limited 
manual searching, walrus grunts were found in recordings on OBH A1 and OBH B, the majority 
occurring between 08:55 and 12:20, 24/Aug/10 (UTC).  No grunts were found in recordings on OBH A2 
and OBH C.  Grunts were loudest on the OBH A1 recordings, indicating that the walrus were closer to 
this location.  It is estimated walrus would have to be closer than approximately 5 km (3 mi) to be audible 
on any OBH recording. 

Fig. 3.22 to Fig. 3.25 show several examples of walrus grunts found on the OBH recordings.  
Grunts occurred in sequences of single grunts, pairs of grunts, and groups of three grunts.  Vocalizations 
occurred both during and between seismic survey lines, with several sequences of grunts and airgun shots 
overlapping (see Fig. 3.24 and Fig. 3.25). 

Airgun head 
waves 

Airgun array 
Mitigation 
airgun 

Sea state 
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FIGURE 3.22.  Sequence of walrus grunts recorded on OBH A1 at 
09:56, 24/Aug/10 (UTC).  Survey line 1601 was underway at this 
time, with the airgun array approximately 47.6 km away from OBH 
A1. 

 
FIGURE 3.23.  Three single walrus grunts recorded on OBH A1 at 
09:57, 24/Aug/10 (UTC).  Survey line 1601 was underway at this 
time, with the airgun array approximately 47.7 km away from OBH 
A1. 
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FIGURE 3.24.  Sequence of walrus grunts recorded on OBH A1 at 
09:56, 24/Aug/10 (UTC).  Airgun array pulses occur at 1.5 and 
11.5 s, with many walrus grunts between 200 and 500 Hz. Survey 
line 1601 was underway at this time, with the airgun array 
approximately 47.6 km away from OBH A1. 

 
FIGURE 3.25.  Sequence of walrus grunts recorded by OBH A1 at 
10:12, 24/Aug/10 (UTC).  Mitigation airgun pulses occur at 2 and 
12 s, with many walrus grunts between 200 and 500 Hz.  The 
mitigation airgun was operated during a line change, at least 48 km 
from OBH A1. 

 

Discussion 
Comparison of Measured and Pre-Season Radii 

Pre-season radii were estimated for an airgun array that differed slightly from the production 
system (24 airguns and 3147 in3 preseason, versus 24 airguns and 3000 in3 production).  The pre-season 
expected tow depth of 6 m (6.5 yd) was used by the production system.  Pre-season estimated sound 
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threshold radii were based on measurements made for other operators in the Chukchi Sea during SSVs in 
2006, 2007, and 2008.  Comparison of the marine mammal safety radii for Geo Celtic’s 3000 in3 airgun 
arrays (Table 3.8) showed that the measured 190 dB and 180 dB re 1 µPa radii were less than the pre-
season estimates and that the measured 160 dB and 120 dB re 1 µPa safety radii were greater than the pre-
season estimates.  Comparisons for Geo Celtic’s 60 in3 mitigation airgun (Table 3.9) showed that the 
measurements did not exceed the estimated pre-season 190 dB, 180 dB, 160 dB, and 120 dB re 1 µPa 
safety radii. 

 
TABLE 3.8.  Comparison of measurements with pre-season estimated marine 
mammal safety radii for Geo Celtic’s 3000 in3 airgun arrays. 

SPLrms90 Threshold 
(dB re 1 µPa) 

Safety Radii 

Ratio (%) 
Pre-season 
Estimated Measured 

190 700 m 430 m 61 
180 2,500 m 1,600 m 64 
160 13,000 m 16,000 m 123 
120 70,000 - 120,000 m 130,000 m <108 

 
TABLE 3.9.  Comparison of measurements with pre-season estimated marine 
mammal safety radii for Geo Celtic’s 60 in3 mitigation airgun. 

SPLrms90 Threshold 
(dB re 1 µPa) 

Safety Radii 

Ratio (%) 
Pre-season 
Estimated Measured 

190 75 m 13 m 17 
180 220 m 68 m 31 
160 1,800 m 1,500 m 83 
120 50,000 m 26,000 m 52 

 
Ambient Sound Levels 

The ambient noise levels for a given location will depend on the typical weather conditions of the 
region as wind, waves, and precipitation all influence underwater ambient noise levels.  The main source 
of anthropogenic noise in the oceans is vessel traffic.  The contributions to the ambient noise field from 
various sources have been well summarized through what are known in the literature as the Wenz curves 
(Wenz, 1962).  These curves indicate typical ranges of ambient noise levels that can be expected in 
shallow water environments (see Fig. 3.26). 

The 50th percentile levels plotted in Fig. 3.17 and Fig. 3.18 fall within the ranges anticipated from 
the Wenz curves.  The 5th and 25th percentiles are from airguns and shipping/vessel noise.  Aside from the 
Geo Celtic, there were three other vessels in the project area during the SSV measurements: R/V 
Norseman I, M/V Tanux I, and R/V Westward Wind. 

The largest contribution to ambient noise during SSV measurements was sounds from the seismic 
survey.  The four SSV track lines are clearly visible in the spectrum plots for OBH A1 and OBH B (see 
Fig. 3.19, Fig. 3.20), and the mitigation turn recorded at OBH A2 (see Fig. 3.19).  Fig. 3.21 shows the 
impact of the seismic survey on ambient noise 80 km (50 mi) away from the SSV site.  The airgun arrays 
generate spectral levels of approximately 100 dB re 1 µPa/Hz between 20 and 300 Hz, which is greater 
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than the range of heavy shipping noise on the Wentz curves.  The mitigation airgun, between 20 and 200 
Hz, generates 80 dB re 1 µPa/Hz, which is in the range of usual traffic noise in shallow water.  The head 
waves from the airgun arrays are 80 dB re 1 µPa/Hz between 5 and 10 Hz, which is within the range of 
prevailing ambient noise.  The noise due to sea state can be seen between the 1 to 10 kHz, at a level of 60 
dB re 1 µPa/Hz, from the beginning of the recording until noon on August 23rd.  According to the Wenz 
curves this indicates sea state 4.  The sea state then calms to spectral levels of 50 dB re 1 µPa/Hz at these 
frequencies, representative of normal sea state 2 levels, and then further decreases to 40 dB on August 
24th, indicating sea state 0.5.  Although we don’t have weather records for the entire recording time at 
OBH C, our notes during deployment and retrieval are consistent with the sea states indicated by the 
Wenz curves during the same time periods.  There was minimal precipitation during the SSV study, 
which agrees with the absence of levels around 80 dB re 1 µPa/Hz between 1 and 10 kHz.  Tidal data was 
found for Barrow, AK during the time of the SSV (NOAA Tides and Currents, 2010), which showed a 
maximum variation on water level of 0.3 ft.  As a result, current noise due to tidal effects (primarily due 
to wind forcing) does not contribute significantly to ambient sound levels at the SSV site. 
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FIGURE 3.26.  Wenz Curves, which describe the contributions to ambient 
noise from various sources in shallow water 
 (http://www.dosits.org/science/ssea/2b.htm). 

 

Summary and Conclusions 
A sound source verification (SSV) study was carried out for Statoil’s 2010 3-D marine seismic 

survey program in the Chukchi Sea.  Measurements from this study were used to verify marine mammal 
safety radii around the survey vessel’s 3000 in3 airgun arrays and 60 in3 mitigation airgun (see Table 
3.10).  The Geo Celtic’s 3000 in3 airgun arrays did not exceed the estimated pre-season 190 dB and 180 
dB re 1 µPa safety radii.  However, the measured 160 dB and 120 dB re 1 µPa safety radii for the airgun 
arrays were greater than the pre-season estimated values.  The SSV measurements for the Geo Celtic’s 60 
in3 mitigation airgun did not exceed the estimated pre-season 190 dB, 180 dB, 160 dB, and 120 dB re 1 
µPa safety radii. 

http://www.dosits.org/science/ssea/2b.htm�
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TABLE 3.10.  Measured marine mammal safety radii for Geo 
Celtic’s 3000 in3 airgun arrays and 60 in3 mitigation airgun. 

SPLrms90 Threshold 
(dB re 1 µPa) 

Airgun Arrays 
(3000 in3) 

Mitigation Airgun 
(60 in3) 

190 520 m 13 m 
180 1,600 m 68 m 
170 4,900 m 340 m 
160 13,000 m 1,500 m 
150 30,000 m 4,700 m 
140 57,000 m 10,000 m 
130 91,000 m 18,000 m 
120 130,000 m 26,000 m 

 
Marine mammal safety radii were also computed based on the proposed Southall et al. (2007) 

species specific auditory injury criteria.  Unlike the NMFS criteria which were based on SPL levels, the 
Southall auditory injury criteria consider exposure to high peak levels (peak SPL) as well as cumulative 
exposure due to multiple pulses (cumulative SEL).  The Southall criteria also apply M-frequency 
weighting to account for differences in frequency-dependence of hearing sensitivity between four 
different marine mammal functional hearing groups.  The Southall criteria were not applied for 
determining operational safety radii for the Statoil seismic survey.  The Southall radii were calculated 
here only for comparison with the SPL threshold radii.  Distances from the airgun array at which the 
Southall auditory injury criteria would be reached were computed from cumulative M-weighted SEL and 
peak SPL measurements.  The auditory injury distances according to these criteria were less than the 
distances based on the 190 and 180 dB re 1 µPa rms SPL criteria. 

Spectrograms of selected airgun pulses, detected at various distances and directions from the 
arrays, showed the presence of head waves, normal mode striations, and seismic vessel noise.  At long 
ranges from the arrays, prominent, low-frequency (< 30 Hz) head waves arrived several seconds in 
advance of the water borne airgun pulses.  The head waves were due to low frequency sound energy 
refracted along layer boundaries and through higher sound speed seabed layers. 

Ambient noise was measured up to 80 km (50 mi)from the prospect area during the SSV.  
Contributions to the ambient noise included: airgun arrays, mitigation airgun, vessels, marine mammal 
vocalizations, and sea state.  At this range the airgun arrays were above ambient noise levels associated 
with heavy shipping traffic.  The mitigation airgun contributed sound levels equivalent to usual traffic 
noise.  Walrus grunts were recorded on OBH A1 and OBH B during the seismic survey.  Plots of 
percentile levels showed that the 50th percentile corresponded with ambient noise levels at the SSV site. 
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4.  MONITORING, MITIGATION, AND DATA ANALYSIS METHODS1

This chapter describes the marine mammal monitoring and mitigation measures implemented for 
Statoil’s seismic survey in the Chukchi Sea during the 2010 open-water season.  The required measures 
were detailed in the IHA and LOA (Appendices A and B) issued to Statoil by the National Marine 
Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS), respectively.  It also 
describes the methods used to categorize and analyze the monitoring data collected by observers and 
reported in the following chapter.  

 

Monitoring Tasks  
The main purposes of the marine mammal monitoring program were to ensure that the provisions 

of the IHA and LOA issued to Statoil were satisfied, effects on marine mammals were minimized, and 
residual effects on animals were documented.  Tasks specific to monitoring are listed below (also see 
Appendices A and B):  

• use of dedicated Marine Mammal Observers (MMOs) aboard the seismic source vessel, to 
visually monitor the occurrence and behavior of marine mammals near the airguns when the 
airguns were operating and during a sample of the times when they were not;   

• use of MMOs aboard support vessels to visually monitor the occurrence and behavior of marine 
mammals and to conduct visual surveys of areas where airgun sounds could reach received 
sound levels ≥160 dB re 1 µPa (rms);  

• use the visual monitoring data as a basis for implementing the required mitigation measures; 
• record (insofar as possible) the effects of the airgun operations and the resulting sounds on 

marine mammals; 
• estimate the number of marine mammals potentially exposed to airgun sounds at specified 

levels. 

Safety and Potential Disturbance Radii  
Under current NMFS guidelines (e.g., NMFS 2000), “safety radii” for marine mammals around 

airgun arrays are customarily defined as the distances within which received levels of pulsed sounds are 
≥180 dB re 1 µPa (rms) for cetaceans and ≥190 dB re 1 µPa (rms) for pinnipeds.  The ≥180 and ≥190 dB 
(rms) guidelines were also employed by USFWS for the species under its jurisdiction (≥180 dB [rms] for 
walrus and ≥190 dB [rms] for polar bear, respectively) in the LOA issued to Statoil.  These safety criteria 
are based on a cautionary assumption that seismic pulses at lower received levels will not harm these 
animals or impair their hearing abilities, but that higher received levels might have some such effects.  
Marine mammals exposed to ≥160 dB (rms) are assumed by NMFS to be potentially subject to behavioral 
disturbance.  

Statoil’s 2010 permits also required implementation of mitigation measures for large groups (≥12 
individuals) of bowhead or gray whales (IHA) and Pacific walruses (LOA) that occurred within an area 
where sound levels were ≥160 dB (rms; Appendices A and B).  Monitoring of the ≥160 dB (rms) zone at 
specified times and locations is discussed below in the section on Special Mitigation Measures.   

Statoil’s IHA and LOA applications described the anticipated underwater sound field around the 
planned 3000 in3 airgun array with airguns at a depth of 6 m (20 ft) based on the 2006, 2007 and 2008 

                                                 
1 By Megan Blees, Kris Hartin and Darren Ireland (LGL). 
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sound source verification (SSV) measurements in the Chukchi Sea of a similar array, towed at a 
similar depth (Hannay and Warner 2009).  Field measurements of the received airgun sounds as a 
function of distance and aspect were acquired during the beginning of seismic data acquisition (O’Neill 
and MacGillivray 2010) and are reported in Chapter 3 of this report.  During the 2010 field measurements 
and until those results were available, the modeled safety radii distances were used for mitigation 
purposes.  The 2010 measured radii were similar to, but in most cases less than the modeled safety radii 
(Table 4.1).  The preliminary empirical measurements of the ≥180 and ≥190 dB (rms) radii, as presented 
by O’Neill and MacGillivray (2010), were adopted as safety radii for Statoil’s seismic survey (Table 4.1).  

More extensive analysis of the field measurements was completed after the field season as 
described in Chapter 3 of this report.  Those analyses resulted in some refinements of the various radii 
(Table 4.1).  The refined values were not available for use by the MMOs in the field.  However, the 
refined estimates were used during processing of the monitoring data presented in Chapter 5 and to 
estimate the numbers of marine mammals exposed to various sound levels. 

 
TABLE 4.1.  Comparison of measurements of the ≥190, 180, 160 and 120 dB (rms) distances (in km) for 
sound pulses from the 26-airgun, 3000 in3 array and 60 in3 mitigation airgun deployed from Geo Celtic in 
the Chukchi Sea, Alaska, 2010.   

Received 
Level dB (rms) Modeled Radii Preliminary 

Radii Final Radii Modeled 
Radii

Preliminary 
Radii Final Radii

≥190 0.700 0.430 0.520 0.075 0.013 0.013
≥180 2.500 1.600 1.600 0.220 0.068 0.068
≥160 13.000 16.000 13.000 1.800 1.500 1.500
≥120 70.000-120.000 130.000 130.000 50.000 26.000 26.000

Full Airgun Array Mitigation Airgun

 
 

Mitigation Measures as Implemented  
Through pre-season meetings with coastal communities and stakeholders, the location and timing of 

survey activities, especially in relation to subsistence uses of marine mammals, were considered when 
developing the mitigation plan for Statoil’s seismic operations.  During survey operations, the primary 
mitigation measures that were implemented included ramp up, power down, and shut down of the airguns.  
These measures are standard procedures during seismic surveys and are described in detail in Appendix E.  
Mitigation also included those measures specifically identified in the IHA and LOA (Appendices A and B) 
as described below.    

Standard Mitigation Measures 
Standard mitigation measures implemented during the study included the following:  
1. Modeled safety radii (distances used in the IHA application) were initially implemented during 

the seismic activities, and were revised to the preliminary results of the 2010 field 
measurements once they became available (O’Neill and MacGillivray 2010; Chapter 3; Table 
4.1). 

2. Power down or shut down procedures were implemented when a marine mammal was sighted 
within or approaching the applicable safety radius while the airguns were operating.  
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3. A change in vessel course and/or speed alteration was identified as a potential mitigation 
measure if a marine mammal was detected outside the safety radius and, based on its position 
and motion relative to the ship track, was judged likely to enter the safety radius.   In practice, 
this measure was not implemented because the Geo Celtic was unable to maneuver quickly 
while towing the airguns and streamers.  Monitoring vessels did use course alterations to avoid 
disturbing marine mammals whenever possible. 

4. A ramp up procedure was implemented whenever operation of the airguns was initiated if >10 
min had elapsed since shut down or power down of the full array airguns.   

5. In order for seismic operations to begin, the entirety of the ≥180 dB (rms) safety radius, the 
largest safety radii to be monitored by MMOs on the vessel, must have been visible for at least 
30 min.   

The specific procedures applied during power downs, shut downs, and ramp ups are described in 
Appendix E.  Briefly, a power down involved reducing the number of operating airguns from the full array 
(3000 in3) to a single “mitigation” airgun (60 in3) when a marine mammal was observed approaching or was 
first detected already within the full array safety radius.  Power downs also occurred when the survey vessel 
was between seismic survey lines to reduce the amount of sound energy introduced into the water.  A shut 
down involved suspending operation of all airguns.  A shut down was implemented if a marine mammal was 
sighted within or approaching the safety radius of the mitigation airgun either after the full array had been 
powered down or upon initial observation.  A ramp up involved a gradual increase in the number of airguns 
operating (from no airguns firing) usually accomplished by an addition of airguns such that the number of 
airguns operating is doubled approximately every 5 min.  For the Geo Celtic, the ramp up duration was 
between 25 and 40 min.   In this report, when a ramp up was initiated while the mitigation airgun had been 
firing it is referred to as a power up.  A ramp up could not be initiated during times when the ≥180 dB (rms) 
safety radii was not visible to MMOs for 30 min because the mitigation airgun had not been firing.  A power 
up could be initiated during times when the full safety radius was not visible because the mitigation airgun had 
been firing. 

Special Mitigation Measures as Required by NMFS and USFWS 
In addition to the standard safety radii based on the ≥190 and ≥180 dB (rms) distances for 

pinnipeds and cetaceans, NMFS and USFWS required Statoil to monitor the ≥160 dB (rms) radius for 
aggregations of 12 or more non-migratory bowhead or gray whales and Pacific walruses during all 
seismic activities (Appendices A and B).  To survey the ≥160 dB (rms) zone for aggregations of whales 
and walruses, monitoring vessels followed a “zig-zag” pattern through the area of seismic lines expected 
to be surveyed in the next 24–48 h.  MMOs onboard the monitoring vessel searched the area and reported 
all cetacean sightings to MMOs on the Geo Celtic.  Power down or shut down procedures were to be 
implemented if groups of 12 or more bowhead whales, gray whales, or Pacific walruses were observed 
within the ≥160 dB (rms) radius while the airguns were in operation.  During this project, survey activities 
in some areas were postponed when Pacific walrus concentrations were determined to be high based on 
observations from a monitoring vessel searching the 160 dB zone ahead of the seismic vessel.   

Marine Mammal Monitoring Methods 
Marine mammal monitoring methods were designed to meet the requirements specified in the IHA 

and LOA as listed above (Appendices A and B).  The main purposes of MMOs aboard the seismic source 
vessel and monitoring vessels were as follows:  (1) Conduct monitoring and implement mitigation 
measures to avoid or minimize exposure of cetaceans and walruses to airgun sounds with received levels 
≥180 dB (rms), or of other pinnipeds and polar bears to ≥190 dB (rms).  (2) Conduct monitoring and 
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implement mitigation measures to avoid or minimize exposure of groups of 12 or more bowhead or gray 
whales and/or Pacific walruses to airgun sounds with received levels ≥160 dB (rms).   (3) Document 
numbers of marine mammals present, any reactions of marine mammals to seismic activities, and whether 
there was any possible effect on accessibility of marine mammals to subsistence hunters in Alaska.  
Results of marine mammal monitoring effort are presented in Chapter 5.   

The visual monitoring methods that were implemented during Statoil’s seismic survey were similar 
to those used during various previous seismic cruises conducted under IHAs since 2003.  The standard 
visual observation methods are described below and in Appendix E. 

During the seismic survey, at least one MMO onboard the seismic source vessel, Geo Celtic, 
maintained a visual watch for marine mammals 24 h per day while airguns were in use.  Observers 
focused their search effort forward and to the sides of the vessel but also searched aft of the vessel 
occasionally.  Watches were conducted with the unaided eye, Fujinon 7×50 reticle binoculars, Zeiss 
20×60 image stabilized binoculars, or Fujinon 25×150 “Big-Eye” binoculars.  MMOs instructed seismic 
operators to power down or shut down the airguns if marine mammals were sighted within or about to 
enter applicable safety radii.  

MMOs onboard the two support vessels, Tanux I and Norseman I, conducted watches similar to 
those of MMOs onboard the source vessel.  However, observers limited watches to only daylight hours as 
darkness periods increased later in the season.  The Norseman I was used primarily to monitor the ≥160 
dB (rms) radius and the Tanux I usually remained near the Geo Celtic to support operations and assist in 
monitoring the ≥180 dB (rms) radius.  MMOs onboard the monitoring vessel notified MMOs onboard the 
Geo Celtic if groups of bowheads or gray whales (or bowhead cow/calf pairs), or groups of walrus, were 
sighted within the ≥160 dB (rms) radius, allowing the Geo Celtic to implement the appropriate mitigation.   
During most seismic operations, at least one monitoring vessel traveled approximately 3–5 km (1.9–3.1 
mi) ahead of and 1 km (0.6 mi) to either side of the Geo Celtic’s trackline.  MMOs on watch aboard the 
monitoring vessels called the Geo Celtic MMOs if they observed marine mammals within the Geo 
Celtic’s applicable safety radii.  MMOs aboard the Geo Celtic then initiated any necessary mitigation 
measures. 

Data Analysis Methods 
Categorization of Data 

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 recent seismic studies conducted under IHAs in this region (e.g., Funk et al. 2008, Ireland et al. 
2007a, b, Patterson et al. 2007).  These categories are defined briefly below, with a more detailed 
description provided in Appendix E. 
Species Groups  

Results are presented separately by species 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 industry activities.  Pacific walrus are presented separately due to 
their management by USFWS.  No polar bears were observed during this project. 
Geographic Boundaries and Vessel Role 

Data were categorized by the duties of the vessel on which the data were collected.  All data 
collected by MMOs aboard the seismic source vessel, Geo Celtic, were categorized as “source vessel” 
data.  All data collected by MMOs aboard the Tanux I and Norseman I were categorized as “monitoring 
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vessel” data.  Only sightings and effort from vessel activities north of Point Hope (68.34 °N) were included 
in the analysis.  Monitoring vessel data were compared to source vessel data in Chapter 5 to consider the 
potential impact of seismic vessel activities at greater distances than could be directly observed from the 
source vessel. 
Seismic Periods 

Sighting and observer effort data from the Geo Celtic were categorized into three groups depending 
on airgun status.  Periods of seismic testing, ramp up, and full array activity were grouped as “full array”.  
Periods of only mitigation gun activity were categorized as “mitigation airgun” while periods with no 
airgun activity were categorized as “non-seismic”.   

Monitoring vessels were in constant motion relative to the sound source.  Therefore, sighting and 
effort data were categorized by received sound level (RSL) based on their distance to the active sound 
source and the results of the sound source measurements (see Chapter 3).  Monitoring vessel data were 
categorized into 10 dB (rms) sound level bins from >190 through <120 dB (rms).  In order to keep sample 
sizes large enough for comparisons among RSL bins, data were grouped into three broader bins: (1) ≥160 
dB (rms), (2) 159–120 dB (rms), and (3) <120 dB (rms).  The ≥160 dB (rms) bin is roughly equivalent to 
the “full array” category in the source vessel data and the “seismic” category used in some previous 
seismic survey reports. The <120 dB (rms) bin is roughly equivalent to the “non-seismic” category in the 
source vessel data and the “non-seismic” category used in previous seismic survey reports.  The 159–120 
dB (rms) bin represents data collected where received sound levels were at intermediate levels.  In this 
report, the term “seismic” refers to “full array” data from the source vessel and monitoring vessel data in 
the ≥160 (rms) bin while the term “non-seismic” refers to “non-seismic” data from the source vessel and 
the <120 dB (rms) bin from monitoring vessel data.  Statistical analyses were generally limited to 
comparisons of the “seismic” and “non-seismic” bins where adequate effort allowed for meaningful 
interpretation.     

Sighting Rate Calculation and Comparisons 
Sighting rates (sightings/1000 km of observer effort) are presented for the Geo Celtic and 

monitoring vessels within the analysis categories of Beaufort wind force, number of MMOs on watch, 
and by seismic status (for the Geo Celtic) or RSL (for the monitoring vessels).  Sighting rates  presented 
independently by species groups including cetaceans, pinnipeds (excluding walrus), and Pacific walrus.  
Where appropriate and sample sizes permitted, comparisons of sightings rates between categories were 
made using a chi-square (X2) test.   

Sighting rates have the potential to be biased by a number of different factors. In order to present 
meaningful and comparable sighting rates, especially for purposes of considering the potential effects of 
seismic activity on the distribution and behavior of marine mammals, effort and sightings data were 
categorized by sighting conditions (e.g. environmental conditions), operational conditions, and other vessel 
proximity.  The criteria were intended to exclude data from periods of observation effort when conditions 
would have made it unlikely 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 Sighting Rate Data 

Different definitions were used for pinnipeds and cetaceans in order to account for assumed 
differences in their reactions to seismic survey and vessel activities.  Therefore, effort and sightings 
occurring under the following conditions were excluded when calculating sighting rates and densities. 

• periods 3 min to 1 h for pinnipeds and polar bears, or 2 h for cetaceans, after the airguns were 
turned off (post-seismic period); 
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• periods when ship speed was <3.7 km/h (2 kt); 
• periods aboard a vessel when one or more vessels were operating within 5 km (3.1 mi) for 

cetaceans and 1 km (0.6 mi) for pinnipeds in the forward 180° of that vessel; 
• periods with seriously impaired visibility including: 

• all nighttime observations; 
• visibility distance <3.5 km (2.2 mi); 
• Beaufort wind force (Bf) >5 (Bf >2 for Minke whales, belugas, and porpoises; See Appendix 

F for Beaufort wind force definitions); 
• >60º of severe glare in the forward 180° of the vessel. 

This categorization system was designed primarily to identify potential differences in behavior and 
distribution of marine mammals during periods with airgun activity versus periods without airgun 
activity.  The rate of recovery toward “normal” behavior and distributions during the post-seismic period 
is uncertain.  Marine mammal responses to seismic sound likely diminish with time after the cessation of 
seismic activity.  The end of the post-seismic period was defined as a time long enough after cessation of 
airgun activity to ensure that any carry-over effects of exposure to sounds from the airguns would have 
waned to zero or near-zero.  The reasoning behind these categories was explained in MacLean and Koski 
(2005) and Smultea et al. (2005) and is discussed in Appendix E.  Data that met these criteria are 
presented in Parts 2 and 3 of Appendix H. 

Distribution and Behavior 
Marine mammal behavior is difficult to observe because individuals and/or groups are often at the 

surface only briefly, and may avoid the vessel.  This causes difficulties in re-sighting those animals, and 
in determining whether two sightings some minutes apart are repeat sightings of the same individual(s).  
Limited behavioral data were collected during this project because marine mammals were often observed 
at distances too far from the vessel to determine behavior, and they were typically not tracked for long 
distances or durations while the vessel was underway.   

Data collected during visual observations provided some information about behavioral responses of 
marine mammals to the seismic survey: 

• bearings and distances of initial sightings to marine mammals from the MMO observation 
station; 

• observed behavior of animals at the time of the initial sighting; 
• animal movements relative to vessel movements; and 
• reaction of animals in response to the vessel or seismic sounds.   

The closest point of approach (CPA) of each sighting to the observer position and airgun array was 
calculated in a GIS using the closest sighting record to the MMO position on the vessel and then 
triangulating to the airgun array.  The mean CPA to the observer or airgun array was calculated separately 
for sightings from source and monitoring vessels and within the three seismic activity or RSL bins.  
Standard deviation and range of distances (m) to the observer were also calculated. 

Closest Point of Approach  

Similar to sighting rate calculations, the calculation of mean CPA distances and subsequent 
comparisons during different seismic states could be biased by including data from observation periods of 
poor visibility or when animals may have been affected by something other than seismic sounds.  
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Therefore, only sightings that met the criteria for inclusion in the sighting rate calculations were used in 
the calculation of mean CPA distances. 

Animal movements relative to the vessel were grouped into five categories: swim (move) away, 
swim (move) towards, neutral (e.g. parallel), none, or unknown.  The observed movements of animals 
that fell into these categories were compared between source and monitoring vessels and across the three 
seismic activity or RSL bins.   

Movement  

For each sighting an initial behavior was recorded by the MMO.  Animal behavior codes included: 
blow, dive, logging, looking, milling, resting, surface active, surface active travel, sink, swim, thrash, and 
unknown.  The initial behaviors of animals that fell into these categories were compared between source 
and monitoring vessels and across the three seismic activity or RSL.   

Initial Behavior 

Animal reactions in response to the vessel or the seismic source were recorded during each 
sighting.  Reaction behavior codes included: change in direction, increase in speed, look, splash, 
interactions with seismic gear, unknown, and no reaction.  The reaction behaviors of animals that fell into 
these categories were compared between source and monitoring vessels and across the three seismic 
activity or RSL bins.   

Reaction Behavior  

Line Transect Estimation of Densities 
Marine mammal sightings recorded during seismic and non-seismic periods were used to calculate 

densities (#/km2) of marine mammals near source and monitoring vessels during those periods.  Density 
calculations were based on line-transect principles (Buckland et al. 2001).  Whenever sample size 
allowed, correction factors for animals not detected at greater distances from the vessels, f (0), were 
calculated from data collected from these project vessels during the 2010 season.  When sufficient data 
collected during this survey were not available, f (0) correction factors from other similar studies were 
substituted.  Correction factors for animals near the vessel, but underwater and therefore unavailable for 
detection by observers [g(0)], were taken from related studies, as summarized by Koski et al. (1998) and 
Barlow (1999).  This was necessary because of the inability to assess trackline sighting probability, g(0), 
during a project of this type.  Further details on the line transect methodology used during the survey are 
provided in Appendix E. 

Estimating Numbers Potentially Affected 
NMFS and USFWS practice 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 levels of sounds exceeding 160 dB re 1 µPa rms (NMFS 2005, 2006; USFWS 2008).  
When calculating the number of mammals potentially affected as described below, we used the measured 
≥160 dB (rms) distances shown in Table 4.1.   

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

(A) minimum estimates based on direct observations during seismic activities; and 
(B) estimates based on pinniped and cetacean densities calculated from data collected during this 

study multiplied by the area of water exposed to seismic sounds ≥160 dB (rms). 
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As noted in the previous section, separate density estimates were calculated from data collected during 
seismic and non-seismic periods or locations.  The use of non-seismic densities in method (B) provides an 
estimate of the number of animals that presumably would have been present in the absence of seismic 
activities.  The use of seismic densities in method (B) provides an estimate of the number of animals that were 
likely present in the area of seismic activity during this project.  In cases where seismic densities are lower than 
non-seismic densities, the difference between the two estimates could be taken as an estimate of the number of 
animals that moved in response to the operating seismic vessel, or that changed their behavior sufficiently to 
affect their detectability by visual observers.  In cases where seismic densities are greater than non-seismic 
densities, it suggests that individuals of that species did not move in response to the operating seismic vessel, 
or that they altered their behavior in such a way that made them more detectable by visual observers. The 
actual number of individuals exposed to, and potentially affected by, seismic survey sounds was likely 
between the minimum and maximum estimates resulting from methods (A) and (B).   

Method (B) above provided an estimate of the number of animals that would have been exposed to 
airgun sounds at various levels if the seismic activities did not influence the distribution of animals near 
the activities.  However, it is known that some animals are likely to have avoided the area near the 
seismic vessel while the airguns were firing (see Richardson et al. 1995, 1999; Stone 2003; Gordon et al. 
2004; Smultea et al. 2004, Funk et al. 2008).  Within the ≥160 dB (rms) radii around the seismic source 
(i.e., 2.5 km [1.6 mi]), the distribution and behavior of cetaceans may have been altered as a result of the 
seismic survey.  The distribution and behavior of pinnipeds may have been altered within some lesser 
distance.  These effects could occur because of reactions to the active airgun array, or to other sound 
sources or other vessels working in the area.   

Density estimates for each species group were used to estimate the number of animals potentially 
affected by seismic operations (method (B)).  This involved using two approaches to estimate the extent 
to which marine mammals may have been exposed to given sound levels ≥160, ≥170, ≥180, and ≥190 dB 
(rms): 

1. Estimates of the number of different individual marine mammals exposed; and  
2. Estimates of the average number of exposures each individual may have received.   

The ≥160, ≥170, ≥180, and ≥190 dB (rms) distances are summarized in Table 4.1.  The following 
description of the two different methods refers only to the ≥160 dB (rms) sound level, but the same 
method of calculation was used for ≥170, ≥180 and ≥190 dB (rms) sound levels. 

The first method (“individuals”) involved multiplying the following three values:   
• km of seismic survey;  
• width of area assumed to be ensonified to ≥160 dB rms (2 × 160 dB radius), counting the areas 

ensonified on more than one occasion only once; and 
• densities of marine mammals estimated from data collected during this survey as described 

above.   
The second approach (“exposures”) represents the average number of times a given area of water 

within the seismic survey area was ensonified to the specified level.  The value was calculated as the ratio 
of the area of water ensonified including multiple counts of areas exposed more than once to the area of 
water ensonified excluding multiple counts of areas exposed more than once.  If an animal remained in 
approximately the same location through the duration of the survey activities it would have been exposed 
an equivalent number of times.   

This approach was originally developed to estimate numbers of seals potentially affected by 
seismic surveys in the Alaskan Beaufort Sea conducted under IHAs (Harris et al. 2001).  The method has 
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recently been used in estimating numbers of seals and cetaceans potentially affected by other seismic 
surveys conducted under IHAs (e.g., Funk et al. 2008; Ireland et al. 2007a,b; Patterson et al. 2007).  
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5.  MARINE MAMMAL MONITORING1

Monitoring Effort and Marine Mammal Encounter Results 

 

This section summarizes the visual observer effort from the Geo Celtic and its two monitoring 
vessels (Tanux I and Norseman I) during Statoil’s 2010 seismic operations in the Chukchi Sea, and does 
not include effort conducted during transit from Dutch Harbor to and from the survey area (north of Point 
Hope, Alaska).  The survey period began when the Geo Celtic and its monitoring vessels entered the 
Chukchi Sea survey area on 11 Aug 2010 (AKDT) and ended when the Geo Celtic departed the area on 4 
October 2010.   

The Geo Celtic traveled along a total of 10,717 km (6659 mi) of trackline in the Chukchi Sea 
survey area.  Airgun operations occurred along 8069 km (5014 mi) of that trackline.  The full airgun array 
was ramping up or active along 5387 km (3347 mi) of trackline.  The single mitigation airgun operated 
along 2681 km (1666 mi), including turns and power downs.  The airguns did not operate along the 
remaining 2648 km (1645 mi) of trackline in the Chukchi Sea.   
Other Vessels 

The Geo Celtic and at least one of its monitoring vessels typically worked within 5 km (3 mi) of 
each other and often as close as a few hundred meters.  Vessels’ proximity to each other was variable over 
time and may have influenced the number and behavior of marine mammals sighted from different 
vessels.  Vessels other than those involved in the survey seldom passed through the project area.  Each 
ship that was not participating in the project transited well away from survey activities (>15 km) and 
MMOs observed no instances of harassment or disturbance to marine mammals due to their presence.  

Observer Effort 
MMOs aboard the three vessels were on watch for a total of 28080 km (17,448 mi; 2741 h).  Of 

this total, 10,477 km (6510 mi; 1223 h) of observation effort was from the Geo Celtic, 9250 km (5748 mi; 
784 h) from the Norseman I, and 8353 km (5190 mi; 734 h) from the Tanux I (Fig. 5.1).   

The IHA required MMOs on the Geo Celtic to watch at night during night time power ups or if 
daytime monitoring had resulted in a power down due to the presence of a marine mammal within the 
applicable safety radius.  Of the total observation effort on all three vessels, 3564 km (2215 mi; 399 h) 
occurred during darkness (Fig. 5.1).  Observers on the Geo Celtic conducted 3187 km (1980 mi; 365 h) of 
watch effort in darkness while observers on the two monitoring vessels conducted 377 km (234 mi; 34 h; 
Fig. 5.1).  Hereafter, effort analyses will compare the seismic source vessel, Geo Celtic, to the combined 
data of the two monitoring vessels. 
Observer Effort by Beaufort Wind Force 

Observer effort from the Geo Celtic occurred between Beaufort wind force (Bf) zero and Bf eight 
(Fig. 5.2).  The monitoring vessels did not have any observation effort in Bf seven and eight because it 
was not safe to observe from the smaller vessels during high sea states (>Bf 6).  The greatest amount of 
observer effort on the Geo Celtic occurred during Bf three, which accounted for 29% of Geo Celtic MMO 
effort.  Observer effort from the monitoring vessels was greatest during Bf two, which accounted for 31% 
of the monitoring vessel MMO effort.   

 
 

                                                 
1 By Megan Blees, Kris Hartin, Danielle Dickson, and Darren Ireland 
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FIGURE 5.1.  MMO observation effort (km) by daylight and darkness periods, during 
Statoil’s seismic survey from the Geo Celtic and its monitoring vessels, 11 Aug – 4 
October 2010.  Total MMO observation effort is displayed in bold above each bar. 

 
 

11

540

2156

3066

1804 1703

969

223
494

2033

5511

4606

3242

1651

467
NA NA

0

1000

2000

3000

4000

5000

6000

0 1 2 3 4 5 6 7 8

M
M

O
 E

ffo
rt 

(k
m

)

Beaufort Wind Force

Geo Celtic
Monitoring Vessels

 
FIGURE 5.2.  MMO observation effort (km) by Beaufort wind force from the Geo 
Celtic and its monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 October 
2010.   
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Observer Effort by Number of MMOs 
On the Geo Celtic, two MMOs were on watch during 58% of observation effort while on the 

monitoring vessels, one MMO was on watch during 60% of effort (Fig. 5.3).  The lesser amount of two-
person watch on the monitoring vessels was a result of the fewer number of MMOs on those vessels due 
to bunk and bridge space restrictions. 
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FIGURE 5.3.  MMO observation effort (km) by number of MMOs, during Statoil’s 
seismic survey from the Geo Celtic and its monitoring vessels, 11 Aug – 4 October 
2010. 

 
 

Observer Effort by Seismic Status and Received Sound Level 
Most observer effort from the Geo Celtic occurred while the airguns were active: 51% while the 

full array was active and 26% while the mitigation airgun was active (Fig. 5.4).  Observer effort during 
non-seismic periods accounted for the remaining 23% of total effort.   

Most observer effort from the monitoring vessels occurred where RSLs were 159-120 dB or <120 
dB (rms; 84%; Fig. 5.5).  This was expected because monitoring vessels typically operate in areas away 
from the seismic source where RSLs are lower during airgun activity.  The amount of effort that occurred 
where RSLs were ≥160 dB (rms) was much lower (16% of total observer effort). 
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FIGURE 5.4.  MMO observation effort (km) for the Geo Celtic by seismic status during 
Statoil’s seismic survey, 11 Aug – 4 October 2010.  The full airgun array operated at 
3000 in3 and the mitigation airgun operated at 60 in3. 
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FIGURE 5.5.  MMO observation effort (km) from the monitoring vessels by received 
sound level during Statoil’s seismic survey, 11 Aug – 4 October 2010. 
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Marine Mammal Sightings 
During the Statoil seismic survey, MMOs observed a total of 310 sightings of 534 marine 

mammals from the Geo Celtic and 428 groups of 939 marine mammals from the monitoring vessels.  
Details of each marine mammal sighting observed north of Point Hope are available in Appendix I.  The 
sighting data below is presented in three species groups: cetaceans, seals, and Pacific walruses.   
Cetacean Sightings 

MMOs observed 32 sightings of 45 cetaceans from the Geo Celtic and its monitoring vessels (Table 
5.1).  More than half of the cetaceans sightings were unable to be identified to species (Table 5.1).   
  
 

TABLE 5.1.  Number of cetacean sightings (number of individuals) from the Geo Celtic and its 
monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 October 2010. 

Bowhead Whale 0 5 (6) 5 (6)
Gray Whale 1 (1) 4 (9) 5 (10)
Minke Whale 4 (5) 0 4 (5)
Unidentified Mysticete Whale 7 (10) 9 (10) 16 (20)
Unidentified Toothed Whale 1 (3) 0 1 (3)
Unidentified Whale 0 (0) 1 (1) 1 (1)

Total Cetaceans 13 (19) 19 (26) 32 (45)

Species Geo Celtic Monitoring Vessels Total

Cetaceans

 
 

 

Cetacean Sighting 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 E) and the sightings that occurred 
during those periods.  Data that met these criteria are presented in Parts 2 and 3 of Appendix H. 

Cetacean Sighting Rates by Beaufort Wind Force – Cetacean sighting rates from the Geo Celtic 
were greatest during periods of Beaufort wind force (Bf) two through four (Fig. 5.6).  Sighting rates from 
the monitoring vessels were greatest during Bf conditions one and two.   

Cetacean Sighting Rates by Number of MMOs – There were relatively few periods on the Geo 
Celtic during which either one or three MMOs were on watch.  Aboard the monitoring vessels, it was rare 
to have three MMOs on duty.  Therefore, effort and sightings from all three vessels were combined in 
order to compare sighting rates between periods with different numbers of MMOs on watch (Fig. 5.7).  
Cetacean sighting rates were greatest with two MMOs on watch.  This sighting rate was 8% greater than 
periods when three MMOs were on watch, and over three times greater than periods when only one MMO 
was on watch.  Sighting rates were significantly greater with two MMOs on watch, than with one MMO 
on watch (X2 = 6.56, df = 1, p = 0.01).   
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FIGURE 5.6.  Cetacean sighting rates during Beaufort wind force conditions 0 
through 5 during Statoil’s seismic survey, 11 Aug – 4 October 2010.   
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FIGURE 5.7.  Cetacean sighting rates by number of MMOs on watch from all 
vessels during Statoil’s seismic survey, 11 Aug – 4 October 2010.   
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Cetacean Sighting Rates by Received Sound Level – Cetacean sighting rates from the Geo Celtic 
and the monitoring vessels generally increased with decreasing seismic source levels or RSLs (Fig. 5.8).  
Sighting rates from the Geo Celtic when the full array was active and during non-seismic periods were 
over three times higher than those from the monitoring vessels in areas where RSLs were ≥160 and <120 
dB (rms).  Sighting rates were higher from the monitoring vessels where RSLs were 159–120 dB (rms) 
than during periods when the Geo Celtic was operating only the mitigation airgun.  When effort and 
sightings from the Geo Celtic and its monitoring vessels were pooled (full array activity pooled with ≥160 
dB; mitigation airgun activity pooled with 159–120 dB; and non-seismic periods pooled with <120 dB) 
there was no significant difference between sighting rates during seismic periods and non-seismic periods 
(X2 = 0.02, df = 1, p = 0.89). 
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FIGURE 5.8.  Cetacean sighting rates from the Geo Celtic by airgun activity level 
(seismic status) and from the monitoring vessels by received sound level during 
Statoil’s seismic survey, 11 Aug – 4 October 2010.  Seismic status labels (full array, 
mitigation airgun, and non-seismic) describe the sighting rate categories from the Geo 
Celtic, while received sound level labels (≥160 dB, 159-120 dB, and <120 dB) describe 
the sighting rate categories from the monitoring vessels. 

 
 



5-8    90-Day Monitoring Report: Statoil USA E&P, Inc., 2010 

Seal Sightings 
There were 362 seals sightings of 388 individuals by MMOs on the Geo Celtic and its monitoring 

vessels (Table 5.2).  Bearded seal was the most frequently identified seal species, although nearly half of 
the seals sighted could not be identified to species. 
 
 
TABLE 5.2.  Number of sightings (number of individuals) of seals during Statoil’s seismic survey from the 
Geo Celtic and its monitoring vessels, 11 Aug – 4 October 2010. 

Bearded Seal 53 (56) 69 (72) 122 (128
Ribbon Seal 0 1 (1) 1 (1)
Ringed Seal 17 (18) 16 (17) 33 (35)
Spotted Seal 1 (1) 4 (4) 5 (5)
Unidentified Pinniped 19 (25) 26 (31) 45 (56)
Unidentified Seal 57 (63) 97 (98) 154 (161)

Total Seals 147 (163) 213 (223 360 (386)

Seals

Species Geo Celtic Monitoring Vessels Total

 
 

 
Seal Sighting 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 E) and the sightings that occurred during those 
periods.   

Seal Sighting Rates by Beaufort Wind Force – As would be expected, seal sighting rates from the 
Geo Celtic and its monitoring vessels decreased with increasing Beaufort wind force (Fig. 5.9).  Sighting 
rates for the Geo Celtic during periods of Bf 1 were approximately three times greater than those during 
Bf 2, but should be viewed with caution as the MMO effort was limited during this period for both the 
Geo Celtic (7.4 km; 4.6 mi) and its monitoring vessels (54.2 km; 33.7 mi). 

Seal Sighting Rates by Number of MMOs – There were relatively few periods on the Geo Celtic 
during which either one or three MMOs were on watch.  Aboard the monitoring vessels, it was rare to 
have three MMOs on duty at one time.  Therefore, effort and sightings from all three vessels were 
combined in order to compare sighting rates between periods with different numbers of MMOs on watch 
(Fig . 5.10).  Seal sighting rates with three MMOs on watch were 1.5 times greater than with two MMO 
on watch, and three times greater than with one MMO on watch.  However, limited effort (464 km; 288 
mi) occurred when there were three MMOs on watch, so that sighting rate should be viewed with some 
caution.  Seal sighting rates were significantly greater with two MMOs on watch than with one MMO on 
watch (X2 = 28.4, df = 1, p < 0.0001).   
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FIGURE 5.9.  Seal sightings by Beaufort wind force during Statoil’s seismic survey 
from the Geo Celtic and its monitoring vessels, 11 Aug – 4 October 2010.  Italics 
indicate a marginal level of effort was available for calculating the sighting rate. 
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FIGURE 5.10.  Seal sighting rates by number of MMOs from three vessels during 
Statoil’s seismic survey, 11 Aug – 4 October 2010.   

 



5-10    90-Day Monitoring Report: Statoil USA E&P, Inc., 2010 

Seal Sighting Rates by Received Sound Level – The seal sighting rate from the Geo Celtic was 
highest during full array activity; Fig. 5.11).  The sighting rate during full array activity was 2.5 times 
greater than during only mitigation airgun activity and non-seismic periods.  The difference between 
sighting rates during full array activity and non-seismic periods was statistically significant (X2 = 10.57, 
df = 1, p = 0.001).  The sighting rates from the monitoring vessels were highest where RSLs were 159–
120 dB (rms), which was ~17% higher than the sighting rate where RSLs were ≥160 dB (rms) and ~37% 
higher than the sighting rate where RSLs were <120 dB (rms; Fig. 5.11).  However, there was not a 
significant difference between sighting rates where RSLs were ≥160 dB and <120 dB (rms; X2 = 1.22, df 
= 1, p = 0.27). 
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FIGURE 5.11.  Seal sighting rates from the Geo Celtic by airgun activity level 
(seismic status) and from the monitoring vessels by received sound level during 
Statoil’s seismic survey, 11 Aug – 4 October 2010.  Seismic status labels (full 
array, mitigation airgun, and non-seismic) describe the sighting rate categories 
from the Geo Celtic, while received sound level labels (≥160 dB, 159 -120 dB, and 
<120 dB) describe the sighting rate categories from the monitoring vessels. 
 

Polar Bear Sightings 
 No polar bears were observed during Statoil’s seismic survey. 
Pacific Walrus Sightings 

There were 346 Pacific walrus sightings of 1042 individuals by MMOs on the Geo Celtic and its 
monitoring vessels (Table 5.3).  The majority (72%) of these sightings were observed between 28 and 31 
August 2010 (250 sightings of 823 individuals) as a large number of Pacific walrus moved from the 
receding ice edge towards land (Fig. 5.12).   
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TABLE 5.3.  Number of sightings (number of individuals) of Pacific walruses during Statoil’s 
seismic survey from the Geo Celtic and its monitoring vessels, 11 Aug – 4 October 2010.   

Species

Pacific Walruses 150 (352) 196 (690) 346 (1042)

Geo Celtic Monitoring Vessels Total
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Figure 5.12.  Number of Pacific Walrus sightings per day as observed by MMOs 
during Statoil’s seismic survey from the Geo Celtic and its monitoring vessels, 11 Aug 
– 4 October 2010. 
 

Pacific Walrus Sighting 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.   

Pacific Walrus Sightings Rates by Beaufort Wind Force – Pacific walrus sighting rates from the 
Geo Celtic and its monitoring vessels generally decreased with increasing Beaufort wind force (Bf; Fig. 
5.13).  Sighting rates from the Geo Celtic during periods of Bf two were over three times greater than 
during periods of Bf three.  Conditions of Bf zero were very uncommon during the survey resulting in 
very little effort being recorded in that category.  Additionally, observations during Bf one from the Geo 
Celtic were limited (121 km; 75 mi) so the resulting sighting rate should be viewed with caution.   

Pacific Walrus Sighting Rates by Number of MMOs – There were relatively few periods on the 
Geo Celtic during which either one or three MMOs were on watch.  Aboard the monitoring vessels, it was 
rare to have three MMOs on duty at one time.  Pinniped effort and sightings from all three vessels were 
therefore combined in order to compare sighting rates between periods with different numbers of MMOs 
on watch (Fig. 5.14).  Pacific walrus sighting rates with three MMOs on watch were 1.2 times greater 
than with two MMOs on watch, and over 3.5 times greater than with one MMO on watch.  However, as 
with seals, limited effort (464 km; 288 mi) was available when three MMOs were on watch so that 
sighting rate should be viewed with some caution.  Pacific walrus sighting rates increased as the number 
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of MMOs increased and were significantly greater with two MMOs on watch than with one MMO on 
watch (X2 = 56.48, df = 1, p < 0.0001). 
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FIGURE 5.13.  Pacific walrus sighting rates by Beaufort wind force from the Geo Celtic 
and its monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 October 2010. 

 
Pacific Walrus Sighting Rates by Received Sound Level – Pacific walrus sighting rates from both 

the Geo Celtic and its monitoring vessels were greatest during mitigation airgun activity and where RSLs 
were 159–120 dB (rms), respectively.  From the Geo Celtic, sighting rates during mitigation airgun were 
32% greater than during full array activity and over 5.5 times greater than during non-seismic periods.  
Geo Celtic sighting rates were significantly greater during full array activity periods than during non-
seismic periods (X2 = 15.04, df = 1, p = 0.0001).  These results likely reflect the brief period over which 
most of the walrus sightings occurred, and the seismic activity that was ongoing at that time (mitigation 
airgun activity), rather than a typical distribution of walruses relative to received sound levels from 
airguns.  For the monitoring vessels, sighting rates where RSLs were 159–120 dB (rms) were over two 
times greater than where RSLs were ≥160 dB (rms) and almost 2.5 times greater than where RSLs were 
<120 dB (rms; Fig. 5.15).  There was no significant difference between sighting rates from monitoring 
vessels in locations near to the active seismic source (RSLs ≥160 dB rms) and very distant from the active 
airguns or when they were not operating (RSLs ≤120 dB rms; X2 = 0.05, df = 1, p = 0.82). 
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FIGURE 5.14.  Pacific walrus sighting rates by number of MMOs from all three 
vessels during Statoil’s seismic survey, 11 Aug – 4 October 2010.   
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Figure 5.15.  Pacific walrus sighting rates from the Geo Celtic by airgun activity 
level (seismic status) and from the monitoring vessels by received sound level 
during Statoil’s seismic survey, 11 Aug – 4 October 2010.  Seismic status labels 
(full array, mitigation airgun, and non-seismic) describe the sighting rate 
categories from the Geo Celtic, while received sound level labels (≥160 dB, 159 -
120 dB, and <120 dB) describe the sighting rate categories from the monitoring 
vessels. 
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Distribution and Behavior of Marine Mammals 
Marine mammal behaviors and reactions were difficult to observe because individuals and/or 

groups typically spent most of their time below the water surface and could not be observed for extended 
periods.  Additionally, the MMOs primary duty is mitigation rather than collecting behavioral data.  The 
data collected during visual observations therefore provided limited information about reactions of marine 
mammals to Statoil’s seismic survey.  The relevant data collected from the Geo Celtic and its monitoring 
vessels included estimated distance to the vessel, movement relative to the vessel, and behavior and 
reaction of animals at the time of the initial detections.   

Cetaceans 
Cetacean Closest Point of Approach 

The mean closest points of approach (CPAs) of cetaceans were calculated using only sightings that 
occurred during periods of effort that met the criteria for being able to reliably detect cetaceans (See 
Chapter 4 and Appendix E).  The mean closest point of approach (CPA) of cetaceans from the Geo Celtic 
during full array activity was 3741 m (2.3 mi), while it was 983 m (0.6 mi) during non-seismic periods 
(Table 5.4).  From the monitoring vessels, the mean CPA where RSLs were ≥160 and <120 dB (rms) 
were 1298 m (0.8 mi) and 684 m (0.4 mi), respectively (Table 5.4).  Cetaceans were observed from the 
Geo Celtic as close as 587 m (0.4 mi) and as far as 4974 m (3.1 mi).  From the monitoring vessels, the 
CPA  of cetaceans ranged from 10 m (11 yd) up to 2010 m (1.3 mi).  Only one cetacean sighting from the 
monitoring vessels occurred where RSLs were ≥160 dB (rms) and the CPA to the vessel was 298 m (326 
yd).   

 
TABLE 5.4.  Comparison of mean cetacean CPA distances by seismic status from the Geo Celtic and 
received sound level from the monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 October 
2010.  The overall mean includes CPA distances from all three seismic activity or RSL bins.  

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms) Mean CPAa (m) s.d. Range (m) n

Geo Celtic  Full Array 3741 1438 1853-4971 5
Geo Celtic  Mitigation Airgun  --  --  -- 0
Geo Celtic  Non-Seismic 983 359 587-1287 3

Geo Celtic Overall 2707 1804 587-4971 8

Monitoring Vessels ≥160 298  --  -- 1
Monitoring Vessels 159-120 874 619 100-2010 8
Monitoring Vessels <120 684 631 10-1785 7

Monitoring Vessel Overall 755 602  10-2010 16

a CPA=Closest Point of Approach.   For Geo Celtic  this value is the marine mammal's closest point of approach to the 
airgun array, for monitoring vessels this value is the marine mammal's closest point of approach to the MMO position on the 
vessel.   
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Cetacean Movement 
The movement relative to the vessel of most cetaceans (84%) observed from the Geo Celtic and its 

monitoring vessels was either unknown or neutral across all received sound level bins (Table 5.5).  
Neutral movement indicated the animal(s) were swimming neither towards nor away from the vessel (i.e. 
parallel to vessel).  Two cetaceans were observed swimming away from the monitoring vessels and two 
were observed with no overall movement.  Due to the low number of cetacean sightings from all vessels, 
meaningful comparisons of cetacean movements during Statoil’s seismic survey were not possible.  

 
TABLE 5.5.  Number of cetacean sightings by movement relative to vessels by seismic activity status from 
the Geo Celtic or received sound level from the monitoring vessels during Statoil’s seismic survey, 11 Aug 
– 4 October 2010. 

Neutral None
Swim 
Away

Swim 
Towards Unknown Totals

Geo Celtic  Full Array 2 0 0 0 3 5
Geo Celtic  Mitigation Airgun 0 0 0 0 2 2
Geo Celtic  Non-Seismic 4 0 0 1 1 6

Geo Celtic Total 6 0 0 1 6 13

Monitoring Vessels ≥160 0 0 0 0 1 1
Monitoring Vessels 159-120 2 2 1 0 4 9
Monitoring Vessels <120 3 0 1 0 5 9

Monitoring Vessel Total 5 2 2 0 10 19

Movement Relative to VesselVessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

  
 

Cetacean Initial Behavior 
The number of cetacean sightings was insufficient to make meaningful comparisons of differences 

in observed behaviors across received sound level bins.  Most initial cetacean behaviors recorded from the 
Geo Celtic and its monitoring vessels (53%) were blow (Table 5.6).  This is typical because a blow is a 
highly visible sighting cue.  The other recorded initial behaviors were swim (34%), dive (6%), feeding 
(3%) and logging (3%; Table 5.6).  The logging category indicates a cetacean drifting motionless at the 
surface. 
Cetacean Reaction Behavior 

One of the 24 cetacean sightings observed during Statoil’s seismic survey displayed activity that 
may have been a reaction to the vessel (Table 5.7).  This individual, observed from a monitoring vessel, 
demonstrated an increase in speed in reaction to the vessel.  All other cetacean sightings from the Geo 
Celtic and its monitoring vessels exhibited no overt (or discernable) reaction to the vessel (Table 5.7).  
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TABLE 5.6.  Comparison of cetacean behaviors by seismic activity status from the Geo Celtic or 
received sound level from the monitoring vessels during the Statoil’s seismic survey period, 11 Aug – 4 
October 2010.  

Blow Dive Feeding Swim Logging Totals

Geo Celtic  Full Array 4 0 0 1 0 5
Geo Celtic  Mitigation Airgun 2 0 0 0 0 2
Geo Celtic  Non-Seismic 1 0 0 5 0 6

Geo Celtic Total 7 0 0 6 0 13

Monitoring Vessels ≥160 1 0 0 0 0 1
Monitoring Vessels 159-120 7 0 0 2 0 9
Monitoring Vessels <120 2 2 1 3 1 9

Monitoring Vessel Total 10 2 1 5 1 19

Initial BehaviorVessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

 
 

 
TABLE 5.7.  Comparison of reaction of cetaceans by seismic activity status from 
the Geo Celtic or received sound level from the monitoring vessels during Statoil’s 
seismic survey, 11 Aug – 4 October 2010. 

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)
Increase 
in Speed None Totals

Geo Celtic  Full Array 0 5 5
Geo Celtic  Mitigation Airgun 0 2 2
Geo Celtic  Non-Seismic 0 6 6

Geo Celtic Total 0 13 13

Monitoring Vessels ≥160 0 1 1
Monitoring Vessels 159-120 0 9 9
Monitoring Vessels <120 1 8 9

Monitoring Vessel Total 1 18 19

Reaction

  
 
Seals 
Seal Closest Point of Approach 

The mean closest points of approach of seals were calculated using only the sightings that occurred 
during periods of effort that met the criteria for being able to detect seals (See Chapter 4 and Appendix 
E).  The mean closest point of approach (CPA) for seals observed from the Geo Celtic was greatest during 
mitigation airgun activity.  From the monitoring vessels, the mean CPA of seals was greatest where RSLs 
were <120 dB (rms; Table 5.8).  Seals were observed as close as 430 m (0.26 mi) and as far as 3677 m 
(2.3 mi) from the Geo Celtic and from 10 m (11 yd) to 1072 m (0.7 mi) from the monitoring vessels 
(Table 5.8). 
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Seal Movement   
Most of the seal movements recorded during Statoil’s seismic survey were either neutral or 

unknown relative to the vessels (67%;Table 5.9).  Excluding unknown movements, most seals observed 
from the Geo Celtic (88%) appeared to be neutral or swimming away from the vessel, whereas seals 
observed from the monitoring vessels were most often either neutral or swimming towards the vessels 
(79%). 
Seal Initial Behavior 

Most of the initial seal behaviors (89%) observed from the Geo Celtic and its monitoring vessels 
were of seals looking or swimming (Table 5.10).  Most of the recorded initial behaviors of seals sighted 
from the Geo Celtic were swimming (69%) while most seals observed from the monitoring vessels were 
recorded as looking (52%) at the vessel.   
Seal Reaction Behavior 

Seals observed from the Geo Celtic were most often recorded as having no reaction (63%), while 
the second-most observed reaction was of seals looking at the vessel (30%; Table 5.11).  From the 
monitoring vessels, seals reacted primarily by looking at the vessel (51%).  Most of the remaining 
sightings (39% of the total) were recorded as no reaction.    
 
 

TABLE 5.8.  Comparison of seal CPA distances from MMO sightings by seismic status from the Geo 
Celtic and received sound levels from monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 
October 2010.  The overall mean includes CPA distances for all three seismic activity or RSL bins in the 
calculation. 

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms) Mean CPAa (m) s.d. Range (m) n

Geo Celtic  Full Array 978 558 430-3677 93
Geo Celtic  Mitigation Airgun 2177 621 1508-3352 13
Geo Celtic  Non-Seismic 1019 308 634-1614 13

Geo Celtic Overall 1113 657 430-3677 119

Monitoring Vessels ≥160 194 195 20-685 19
Monitoring Vessels 159-120 185 158 10-700 85
Monitoring Vessels <120 225 220 10-1072 62

Monitoring Vessel Overall 201 187 10-1072 166

a CPA=Closest Point of Approach.  For Geo Celtic this value is the marine mammal's closest point of approach to the 
airgun array, for monitoring vessels this value is the marine mammal's closest point of approach to the MMO position on 
the vessel.  
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TABLE 5.9.  Comparison of seal movement relative to vessels by seismic activity status from the Geo 
Celtic or received sound level from the monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 
October 2010. 

Swim 
Towards

Swim 
Away Neutral None Unknown Totals

Geo Celtic  Full Array 9 44 48 0 17 118
Geo Celtic  Mitigation Airgun 1 1 7 0 4 13
Geo Celtic  Non-Seismic 4 1 4 0 7 16

Geo Celtic Total 14 46 59 0 28 147

Monitoring Vessels ≥160 10 4 10 0 11 35
Monitoring Vessels 159-120 16 6 42 3 44 111
Monitoring Vessels <120 6 8 14 5 34 67

Monitoring Vessel Total 32 18 66 8 89 213

Movement Relative to VesselVessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)
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TABLE 5.10.  Comparison of seal initial behavior by seismic activity status from the Geo Celtic or received sound level from the monitoring vessels 
during Statoil’s seismic survey, 11 Aug – 4 October 2010.   

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms) Dive Logging Looking Milling Resting
Surface 
Active Sink Swim Thrash Unknown Totals

Geo Celtic  Full Array 4 0 27 1 0 0 0 86 0 0 118
Geo Celtic  Mitigation Airgun 0 0 5 0 0 0 0 8 0 0 13
Geo Celtic  Non-Seismic 0 0 6 0 0 0 2 8 0 0 16

Geo Celtic Total 4 0 38 1 0 0 2 102 0 0 147

Monitoring Vessels ≥160 1 2 15 0 1 1 0 14 0 1 35
Monitoring Vessels 159-120 7 3 60 0 1 1 0 35 0 4 111
Monitoring Vessels <120 3 0 36 0 1 1 0 21 1 4 67

Monitoring Vessel Total 11 5 111 0 3 3 0 70 1 9 213

Initial Behavior

 
 

TABLE 5.11.  Comparison of reaction of seals by seismic activity status from the Geo Celtic or received sound level from the 
monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 October 2010.  

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms) Splash
Increase 
in Speed

Change in 
Direction

Look at 
Vessel None Unknown Totals

Geo Celtic  Full Array 2 6 3 35 72 0 118
Geo Celtic  Mitigation Airgun 0 0 0 3 10 0 13
Geo Celtic  Non-Seismic 0 0 0 6 10 0 16

Geo Celtic Total 2 6 3 44 92 0 147

Monitoring Vessels ≥160 1 0 0 20 14 0 35
Monitoring Vessels 159-120 8 4 2 50 47 0 111
Monitoring Vessels <120 2 3 0 38 22 2 67

Monitoring Vessel Total 11 7 2 108 83 2 213

Reaction
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Pacific Walruses 
Pacific Walrus Closest Point of Approach 

The mean closest points of approach of Pacific walruses were calculated using only sightings that 
occurred during periods of effort that met the criteria for being able to detect Pacific walruses (See 
Chapter 4 and Appendix E).  The mean CPA of Pacific walruses observed from the Geo Celtic was 
greatest during mitigation airgun activity.  The overall mean CPA to the Geo Celtic was 1427 m (0.89 mi; 
Table 5.12).  Mean CPA distances from the monitoring vessels were similar across all RSL bins with an 
overall mean CPA of 361 m (0.22 mi).  Pacific walruses were observed as close as 230 m (0.14 mi) and as 
far as 3313 m (2.06 mi) from the Geo Celtic and from 10 m (11 yd) to 1217 m (0.76 mi) from the 
monitoring vessels (Table 5.12).     

  
TABLE 5.12.  Comparison of Pacific walrus CPA distances from MMO sightings by seismic status 
from the Geo Celtic and received sound levels from monitoring vessels during Statoil’s seismic 
survey, 11 Aug – 4 October 2010.  The overall mean includes CPA distances from all three 
seismic activity or RSL bins. 

 

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms) Mean CPAa (m) s.d. Range (m) n

Geo Celtic  Full Array 1115 572 230-3313 76
Geo Celtic  Mitigation Airgun 2092 474 1508-3313 36
Geo Celtic  Non-Seismic 1377 464 648-1906 6

Geo Celtic Overall 1427 697 230-3313 118

Monitoring Vessels ≥160 361 157 50-500 9
Monitoring Vessels 159-120 357 277 10-1217 88
Monitoring Vessels <120 368 197 100-1000 36

Monitoring Vessel Overall 361 250 10-1217 133

a CPA=Closest Point of Approach.  For Geo Celtic this value is the marine mammal's closest point of approach to the 
airgun array, for monitoring vessels this value is the marine mammal's closest point of approach to the MMO position 
on the vessel  

 
Pacific Walrus Movement 

Movements neutral relative to the vessels were the most commonly recorded movements from both 
the Geo Celtic and the monitoring vessels during Statoil’s seismic survey (Table 5.13).  From the Geo 
Celtic, the second most observed Pacific walrus movement was swim away (27%) and from the 
monitoring vessels it was unknown (21%).   
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TABLE 5.13.  Comparison of Pacific walrus movement relative to vessels by seismic activity status from 
the Geo Celtic or received sound level from the monitoring vessels during Statoil’s seismic survey, 11 Aug 
– 4 October 2010. 

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)
Swim 

Towards
Swim 
Away Neutral None Unknown Totals

Geo Celtic  Full Array 10 30 47 0 8 95
Geo Celtic  Mitigation Airgun 10 7 15 0 7 39
Geo Celtic  Non-Seismic 0 4 9 0 3 16

Geo Celtic Total 20 41 71 0 18 150

Monitoring Vessels ≥160 2 1 7 1 3 14
Monitoring Vessels 159-120 15 25 49 14 23 126
Monitoring Vessels <120 3 6 25 7 15 56

Monitoring Vessel Total 20 32 81 22 41 196

Movement Relative to Vessel

 
 
Pacific Walrus Initial Behavior 

Most of the initial walrus behaviors (64%) observed from the Geo Celtic and its monitoring vessels 
were of animals swimming (Table 5.14).  From the Geo Celtic, 84% of walruses were initially observed 
swimming, while 15% were initially observed looking at the vessel.  Besides swimming and looking, the 
monitoring vessels also recorded initial behaviors of traveling (9%), diving (2%), logging (2%), sinking 
(2%), and surface active (2%).   
Pacific Walrus Reaction Behavior 
 Walruses observed from the Geo Celtic and its monitoring vessels were most often recorded has 
having no reaction (59%).  The second-most observed reaction (27%) was of walruses looking at the 
vessel (Table 5.15).   
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TABLE 5.14.  Comparison of Pacific walrus initial behavior by seismic activity status from the Geo Celtic or received sound level from the 
monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 October 2010. 

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms) Dive Logging Looking Sink
Surface 
Active

Surface 
Active Travel Swim Unknown Totals

Geo Celtic  Full Array 1 0 10 0 0 0 84 0 95
Geo Celtic  Mitigation Airgun 0 0 10 0 0 0 29 0 39
Geo Celtic  Non-Seismic 0 0 3 0 0 0 13 0 16

Geo Celtic Total 1 0 23 0 0 0 126 0 150

Monitoring Vessels ≥160 0 0 4 0 0 3 7 0 14
Monitoring Vessels 159-120 2 3 45 2 2 9 59 4 126
Monitoring Vessels <120 2 0 16 2 1 6 29 1 56

Monitoring Vessel Total 4 3 65 4 3 18 94 5 196

Initial Behavior

 

TABLE 5.15.  Comparison of reaction of Pacific walrus by seismic activity status from the Geo Celtic or received sound level from the 
monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 October 2010. 

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms) Splash
Increase 
in Speed

Interaction 
with Gear

Change in 
Direction

Look at 
Vessel None Totals

Geo Celtic  Full Array 1 2 3 7 26 56 95
Geo Celtic  Mitigation Airgun 0 0 0 4 4 31 39
Geo Celtic  Non-Seismic 0 2 0 0 3 11 16

Geo Celtic Total 1 4 3 11 33 98 150

Monitoring Vessels ≥160 0 0 0 0 6 8 14
Monitoring Vessels 159-120 3 7 0 11 39 66 126
Monitoring Vessels <120 2 3 0 5 14 32 56

Monitoring Vessel Total 5 10 0 16 59 106 196

Reaction
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Mitigation Measures Implemented 
Safety and Disturbance Radii 

Prior to completion of the sound source verification measurements, MMOs on the Statoil vessels 
used the modeled safety radii presented in Statoil’s 2010 IHA application and outline in the IHA issued 
by NMFS (Appendix A) for mitigation purposes.  Once Statoil’s site specific sound source verification 
(SSV) was completed on 24Aug 2010), the results were reported (O’Neill and MacGillivray 2010) on 30 
Aug 2010, the distances shown in Table 4.1 were implemented for mitigation purposes throughout the 
duration of the survey.   

The pre-SSV ≥190 dB (rms) safety radii for seals were 700 m (766 yd) from the full airgun array 
and 75 m (82 yd) from the mitigation airgun.  Safety radii for cetaceans (≥180 dB rms) were 2.5 km (1.6 
mi) from the full airgun array and 220 m (241 yd) for the single mitigation airgun.  The pre-SSV ≥160 dB 
(rms) disturbance for the full array was 13 km (8.1 mi) and from the mitigation airgun was 1.8 km (1.1 
mi).  The SSV results decreased the ≥190 dB safety radius around the full array to 430 m (470 yd) while 
the ≥190 dB safety radius around the mitigation airgun decreased to 13 m (14 yd).  The ≥180 dB safety 
radius decreased to 1.6 km (0.99 mi) and 68 m (74 yd) around the full airgun array and mitigation airgun, 
respectively.  The ≥160 dB (rms) disturbance radius increased to 16 km from the full airgun array but 
decreased to 1.5 km (0.9 mi) from the mitigation airgun as a result of the SSV measurements. 

Mitigation Actions 
A total of 39 power downs and 3 shut downs were requested during the Statoil seismic survey as a 

result of marine mammal sightings within or approaching the applicable safety radius.  This included 1 
power down for a cetacean sighting, 9 power downs for seals, and 29 power downs and 3 shut downs for 
walruses, of which one was a carcass. 

The single power down for a cetacean was requested by the Geo Celtic on 25 Aug for a gray whale 
that was observed approaching the 180 dB (rms) safety radius (Table 5.16).  The gray whale was initially 
detected by the monitoring vessel, Tanux I, who alerted the MMOs aboard the Geo Celtic.  The whale 
was observed approaching the Geo Celtic at a distance of 2913 m (1.8 mi) and subsequently 2165 m (1.5 
mi) from the MMOs.  The CPA to the active airgun array was 2567 m (1.6 mi), so a power down to the 
mitigation airgun was requested prior to the whale entering the safety radius.  The whale was not 
observed again, so confirmation that it had left the safety radius could not be made, and therefore a 30-
min watch occurred prior to a power up of the full airgun array.   
 
TABLE 5.16.  The single power down for a cetacean during Statoil’s seismic survey, 11 Aug – 4 October 
2010.   

Sighting ID Species
No.

Indiv. Date
Initial 

Behaviora

Reaction 
to 

Vesselb

Distance to 
Airguns at 

First 
Detection (m)

CPAc to 
Airguns 

(m)

GEO201072 Gray whale 1 25-Aug BL NO 3352 2567

c CPA = Closest Point of Approacth to the airgun array.

aInitial Behavior Code: BL = Blow
b Reaction Codes: No = No Reaction
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Nine power downs of the airgun array were requested by Geo Celtic MMOs due to seals sighted 
within or approaching the ≥190 dB (rms) safety radius of the active array during Statoil’s seismic survey 
(Table 5.17).  The first power down was implemented 23 Aug 2010 when a ringed seal was first observed 
within the 700 m (766 yd) pre-SSV safety radius.  This seal was estimated to have a CPA of 611 m (668 
yd) from the active array.  When applying the updated safety radius based on the SSV measurements, it 
was unlikely that the animal was exposed to a sound level ≥190 dB (rms).  This was also the case for 
three additional seal sightings that occurred within the pre-SSV safety radius.  The power downs that 
were implemented after 30 Aug 2010 were due to sightings of seals approaching or already within the 
measured ≥190 dB (rms) safety radius of 430 m (170 yd.  Each of the power downs occurred when the 
array was operating at full volume (3000 in3).  None of the seals that caused the power downs were seen 
within the 13 m (14 yd) safety radius of the mitigation airgun, so no shut downs were requested.   
 
TABLE 5.17.  The nine power down events for seals observed from the Geo Celtic during Statoil’s seismic 
survey, 11 Aug – 4 October 2010.   

Sighting ID Species
No.

Indiv. Date
Initial 

Behaviora

Reaction 
to 

Vesselb

Distance to 
Airguns at 

First 
Detection (m)

CPAc to 
Airguns 

(m)

GEO201066 Ringed seal 1 23-Aug SW LO 611 611
GEO201069 Ringed seal 1 25-Aug SW IS 926 926
GEO201078 Ringed seal 1 25-Aug SW IS 501 501
GEO201082 Unidentified seal 1 25-Aug SW LO 501 501
GEO201089 Unidentified seal 1 28-Aug SW NO 784 784
GEO2010176 Ringed seal 1 29-Aug SW IS 648 648
GEO2010237 Bearded seal 1 31-Aug SW NO 510 510
GEO2010308 Bearded seal 1 12-Sep DI NO 488 454
GEO2010319 Bearded seal 1 17-Sep SW LO 430 430

c CPA = Closest Point of Approacth to the airgun array.

aInitial Behavior Code: BL = Blow ; DI = Dive; LO = Look; SW = Sw im
b Reaction Codes: CD = Change in Direction;  IS = Increase in Speed; LO = Look at Vessel; No = No Reaction

 
 

Twenty-nine power downs were requested and implemented for Pacific walruses observed within 
or about to enter the ≥180 dB (rms) safety radius around the full 3000 in3 airgun array (Table 5.18).  Ten 
power downs occurred during the 4-day period, 28–31 Aug, when walrus sightings were most numerous.  
Similar to seals, the power downs requested after release of the SSV results on 30 Aug were due to 
sightings of Pacific walruses approaching or within the revised and reduced ≥180 dB (rms) safety radius 
of 1.6 km (0.99 mi).   

In addition to the power downs, three complete shut downs were implemented during the seismic 
survey (Table 5.19).  All three shut downs occurred before the SSV measurement results were available.  
The first shut down occurred on 21 Aug for a Pacific walrus carcass.  Once it was determined by MMOs 
aboard the Geo Celtic that the death had not occurred as a result of the seismic activities (i.e. the carcass 
appeared >3 days old which was the length of time that seismic activity had thus far been occurring), 
permission was granted to resume the seismic survey.  The second shut down was for a small group of 
Pacific walruses, including a calf, which progressed in a straight line parallel to the vessel towards the 
airgun array, which was already powered down to the mitigation gun as a result of a previous sighting.  
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The mitigation airgun was shut down prior to the animals entering the safety radius of 220 m (241 yd).  
The final shut down event occurred on 28 Aug, the first day of noticeably increased walrus sightings.  The 
walrus was observed approaching the ≥180 dB (rms) radius of the mitigation airgun, so a shut down of 
the airgun was implemented.   
 
TABLE 5.18.  The 29 power downs for Pacific walruses observed from the Geo Celtic during Statoil’s 
seismic survey, 11 Aug – 4 October 2010.   

Sighting ID Species
No.

Indiv. Date
Initial 

Behaviora

Reaction 
to 

Vesselb

Distance to 
Airguns at 

First 
Detection (m)

CPAc to 
Airguns 

(m)

GEO201065 Pacific walrus 4 22-Aug SW LO 2342 2342
GEO201079 Pacific walrus 1 25-Aug SW LO 891 891
GEO201085 Pacific walrus 1 26-Aug SW NO 825 825
GEO201087 Pacific walrus 1 26-Aug SW LO 542 542
GEO201092 Pacific walrus 1 28-Aug SW NO 2129 2129
GEO201099 Pacific walrus 2 28-Aug SW NO 1842 1842
GEO2010119 Pacific walrus 3 29-Aug SW NO 543 543
GEO2010121 Pacific walrus 1 29-Aug SW CD 926 926
GEO2010123 Pacific walrus 2 29-Aug SW NO 904 904
GEO2010175 Pacific walrus 2 29-Aug SW NO 1708 1708
GEO2010179 Pacific walrus 5 30-Aug SW NO 2178 2178
GEO2010194 Pacific walrus 1 30-Aug SW LO 747 747
GEO2010223 Pacific walrus 3 30-Aug SW LO 2567 2567
GEO2010243 Pacific walrus 1 31-Aug SW NO 681 681
GEO2010246 Pacific walrus 2 1-Sep LO NO 3400 1410
GEO2010251 Pacific walrus 2 6-Sep LO LO 1117 1117
GEO2010252 Pacific walrus 1 6-Sep SW LO 603 603
GEO2010267 Pacific walrus 1 8-Sep SW LO 1889 1889
GEO2010270 Pacific walrus 2 9-Sep SW LO 497 497
GEO2010278 Pacific walrus 5 9-Sep SW LO 880 880
GEO2010285 Pacific walrus 2 9-Sep SW CD 698 698
GEO2010298 Pacific walrus 1 10-Sep LO LO 825 825
GEO2010299 Pacific walrus 1 10-Sep SW CD 1410 1410
GEO2010301 Pacific walrus 5 10-Sep SW NO 1213 1213
GEO2010305 Pacific walrus 2 11-Sep SW NO 542 542
GEO2010307 Pacific walrus 1 11-Sep SW LO 579 579
GEO2010311 Pacific walrus 2 14-Sep LO LO 1115 747
GEO2010315 Pacific walrus 3 16-Sep DI LO 656 656
GEO2010339 Pacific walrus 1 30-Sep LO NO 1708 1708

c CPA = Closest Point of Approacth to the airgun array.

aInitial Behavior Code: BL = Blow ; DI = Dive; LO = Look; SW = Sw im
b Reaction Codes: CD = Change in Direction;  IS = Increase in Speed; LO = Look at Vessel; No = No Reaction

 
 
 
 



5-26    90-Day Monitoring Report:  Statoil USA E&P, Inc., 2010 
 

TABLE 5.19.  The three shut down events for Pacific walruses observed from the Geo Celtic during 
Statoil’s seismic survey, 11 Aug – 4 October 2010.   

Sighting ID Species

No. 
Individ

uals Date
Initial 

Behaviora

Reaction 
to 

Vesselb

Distance to 
Airguns at 

First 
Detection (m)

CPAc to 
Airguns 

(m)

*GEO2010999 Pacific walrus 1 21-Aug DE  --  --  -- 
GEO201080 Pacific walrus 3 25-Aug SW LO 2567 230
GEO2010101 Pacific walrus 1 28-Aug SW NO 739 739

c CPA = Closest Point of Approacth to the airgun array.
*Sighting w as a carcass.

aInitial Behavior Code: DE = Dead; SW = Sw im
b Reaction Codes: LO = Look at Vessel; No = No Reaction

 
 
MMOs aboard the two monitoring vessels, Noreseman I and Tanux I, actively assisted with 

monitoring the >180 dB (rms) safety radius and the larger ≥160 dB (rms) safety radius.  The IHA issued 
by NMFS to Statoil required that the full array be powered down if a group of 12 or more non-migratory 
mysticete whales were observed within the ≥160 dB radius.  No aggregations of 12 or more non-
migratory mysticete whales were observed by the MMOs during Statoil’s seismic survey.   

Estimated Number of Marine Mammals Present and Potentially Affected 
It was difficult to obtain meaningful estimates of “take by harassment” for several reasons:  (1) the 

relationship between numbers of marine mammals that are observed and the number actually present is 
uncertain.  (2) the most appropriate criteria for take by harassment are uncertain and presumed to vary 
among different species, individuals within species, and situations.  (3) the distance to which a received 
sound level (RSL) reaches a specific criterion such as 190 dB, 180 dB, or 160 dB re 1 µPa (rms) is variable.  
The RSL depends on water depth, sound source depth, water-mass and bottom conditions, and - for 
directional sources - aspect (Chapter 3; see also Greene 1997, Greene et al. 1998; Burgess and Greene 1999; 
Caldwell and Dragoset 2000; Tolstoy et al. 2004a,b).  (4) the sounds received by marine mammals vary 
depending on their depth in the water, and will be considerably reduced for animals near the surface (Greene 
and Richardson 1988; Tolstoy et al. 2004a,b) and even further reduced for animals that are on ice.  

Two methods were used to estimate the number of marine mammals exposed to seismic sound 
levels strong enough that they might have caused a disturbance or other potential impacts.  The 
procedures included (A) minimum estimates based on the direct observations of marine mammals by 
MMOs, and (B) estimates based on pinniped (seal and Pacific walrus) and cetacean densities obtained 
during this study.  The actual number of individuals exposed to, and potentially impacted by, strong 
seismic survey sounds likely was between the minimum and maximum estimates provided in the 
following sections.  Further details about the methods and limitations of these estimates are provided 
below.   

Disturbance and Safety Criteria 
Table 4.1 summarizes estimated RSLs at various distances from the Geo Celtic’s 26-airgun array.  

The NMFS required that distances to RSLs of 180 dB and 190 dB (rms) be used to implement mitigation 
measures for cetaceans and seals respectively. The USFWS required that distances to RSLs of 180 dB and 
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190 dB (rms) be used to implement mitigation measures for Pacific walruses and polar bears, 
respectively.  Both agencies assume that disturbance to marine mammals may occur at RSLs ≥160 dB 
(rms).   

Estimates from Direct Observations 
All sightings data were included in the following exposure estimates based on direct observations, 

regardless of whether they met the data-analysis criteria described in Chapter 4.  The number of animals 
actually sighted by observers within the various sound level distances during seismic activity provides a 
minimum estimate of the number potentially affected by seismic sounds.  Some animals probably moved 
away before coming within visual range of MMOs, and it was unlikely that MMOs were able to detect all 
of the marine mammals near the vessel trackline.  During daylight, animals are missed if they are below the 
surface when the ship is nearby.  Other animals, even if they surface near the vessel, are missed because of 
limited visibility (e.g. fog), glare, or other factors limiting sightability.  Also, RSLs of ≥160 dB (rms) were 
estimated to occur out to 16 km (9.9 mi) by the SSV measurements of the full airgun array.  This distance was 
well beyond that at which MMOs aboard the source vessel could detect even the more conspicuous animals 
under favorable sighting conditions, and this was the rationale for using monitoring vessels to survey the ≥160 
dB (rms) safety radius.  Furthermore, marine mammals could not be seen effectively during periods of 
darkness, which increased as the survey progressed.  Nighttime observations were not required except prior to 
and during nighttime power ups and if a power down had been implemented during daytime, however MMOs 
aboard the Geo Celtic stayed on watch throughout the night to monitor survey operations. 

Animals may also have avoided the area near the Geo Celtic while the airguns were firing (see 
Richardson et al. 1995, 1999; Stone 2003; Gordon et al. 2004; Smultea et al. 2004).  Within the assumed 
≥160–170 dB (rms) radii around the source, and perhaps farther away in the case of the more sensitive 
species and individuals, the distribution and behavior of pinnipeds and cetaceans may have been altered 
as a result of the seismic survey.  Changes in distribution and behavior could result from reactions to the 
airguns, or to the Geo Celtic and monitoring vessels themselves.  The extent to which the distribution and 
behavior of pinnipeds might be affected by the airguns is uncertain, given variable previous results 
(Harris et al. 2001; Moulton and Lawson 2002; Miller et al. 2005).  It was not possible to determine if 
cetaceans exhibited avoidance behavior beyond the distance at which they were detectable by MMOs. 

Cetaceans Potentially Exposed to Received Sound Level ≥180 dB re 1 μPa (rms) 
 Eight cetacean sightings were recorded from the Geo Celtic while airguns were operating. None of 
these sightings occurred within the ≥180 dB (rms) safety radius (Table 5.20).  However, one cetacean was 
observed approaching the ≥180 dB (rms) radius of the full airgun array and therefore a power down was 
implemented (Table 5.16; see previous section Mitigation Measures Implemented).   MMOs aboard the 
monitoring vessels did not record any cetaceans while airguns were operating that were within the ≥180 
dB radius of the airguns.     

Seals Potentially Exposed to Received Sound Level ≥190 dB re 1 μPa (rms) 
From the Geo Celtic, 146 seals were observed while airguns were operating.  There were ten seals 

observed in areas where RSLs were likely ≥190 dB (rms ; Table 5.20).  A power down of the airguns was 
initiated for nine of these ten sightings (Table 5.17).  A power down was not requested in one case 
because the sighting occurred outside of the safety radius in effect at that time (pre-SSV radius).  
However, based on the final analysis of the SSV measurements it was subsequently calculated to have 
been within the ≥190 dB (rms) radius ( Table 4.1). MMOs aboard the monitoring vessels observed 154 
seals while airguns were active (or while the vessel was beyond the 120 dB radius), none of which were 
within the ≥190 dB (rms) radius.     
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Pacific Walruses Potentially Exposed to Received Sound Level ≥180 dB re 1 μPa (rms) 
From the Geo Celtic, 307 Pacific walruses were observed while airguns were operating.  Based on 

the final SSV measurement results, 40 walruses (in 21 separate sightings) were likely exposed to RSLs 
≥180 dB (rms; Table 5.20).  Twenty-nine power downs and three shut downs resulted from these 
sightings.  Because of the reduction in the size of the ≥180 dB (rms) safety radius based on the SSV 
results, the number of power downs and shut downs for walruses exceeded the number of animals that 
were observed in locations where RSLs were likely ≥180 dB (rms).  MMOs aboard the monitoring 
vessels observed 408 Pacific walruses while airguns were active (or while the vessel was beyond the 120 
dB radius), none of which were within the ≥180 dB (rms) safety radius.   
 

TABLE 5.20.  Number of individual marine mammals observed within specific 
safety radii and potentially exposed to the respective sound levels during Statoil’s 
seismic survey, 11 Aug – 4 October 2010. 

Cetaceans 
≥ 180

Seals
≥ 190

Pacific Walruses
≥ 180

0 10 40

Number of Individuals and Exposure Level in dB re 1 μPa (rms)

 
 

Estimates Extrapolated from Density 
The number of marine mammals visually detected by MMOs likely underestimated the actual 

numbers that were present for reasons described above.  To correct for animals that may have been present 
but not detected by observers, the sightings recorded during seismic and non-seismic periods along with 
detectability corrections f(0) and g(0) were used to calculate separate densities of marine mammals present 
in the project area.  The estimated densities of marine mammals were then multiplied by the area of water 
ensonified (exposed to seismic sounds) to estimate the number of individual marine mammals exposed to 
received sound levels (RSL) ≥160, 170, 180, and 190 dB (rms).  The average number of exposures per 
individual marine mammal was calculated using the overlap in ensonified areas around nearby seismic 
lines based on the fact that an animal remaining in the area would have been exposed repeatedly to the 
passing seismic source. 

Marine mammal densities were based on data collected from the Geo Celtic and its monitoring 
vessels (Tanux I, Norseman I) during Statoil’s seismic operations in the Chukchi Sea.  The density 
estimates for the Statoil survey, including corrections for sightability biases, are summarized in Table 
5.21.  The ensonified areas are shown in Table 5.22.  The methodology used to estimate the areas exposed 
to RSLs ≥160, 170, 180 and 190 dB (rms) was described in Chapter 4 and in more detail in Appendix E.     

The following estimates based on density calculations assume that all mammals present were well 
below the surface where they were exposed to RSLs at various distances as predicted in Chapter 3 and 
summarized in Table 4.1.  Some pinnipeds and cetaceans in the water might remain close to the surface, 
where sound levels would be reduced by pressure-release effects (Greene and Richardson 1988).  Also, 
some pinnipeds and cetaceans may have moved away from the path of the Geo Celtic before it arrived, 
either because the monitoring vessels frequently traveled in front of the Geo Celtic, or because of an 
avoidance response to the approaching source vessel and its airguns.  In the case of cetaceans, the 
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estimated number of exposures based on non-seismic densities (Table 5.23) represents the number of 
animals that would have been exposed had they not shown any localized avoidance of the airguns or the 
ships themselves.  The lower densities of cetaceans observed during seismic periods suggests that some 
such avoidance did occur.  Therefore, the estimate based on non-seismic densities likely overestimates the 
actual number of animals exposed.  The estimates based on densities observed during seismic periods are 
likely closer to the true numbers of animals exposed.  In the cases of seals and walruses, the seismic 
period densities were higher than the non-seismic densities, which suggests that these species did not 
show localized avoidance of the seismic survey.  For these species, the exposure estimates based on the 
higher seismic survey densities are considered the maximum number of individuals likely exposed.   

TABLE 5.21.  Densities of marine mammals in the Alaskan Chukchi Sea observed during the Statoil 
2010 seismic survey, 11 Aug – 4 October 2010.  Densities are corrected for f(0) and g(0) biases 
(see Appendix E).   

Species Density CIs Density CIs
Cetaceans

Bowhead whale 0.000 (0.055-3.055) 0.409  -
Gray whale 0.316 (0.108-3.468) 0.613 (0.058-1.735)
Minke whale 0.000 (0.065-0.947) 0.247  -
Unidentified mysticete whale 1.322 (0.328-3.871) 1.126 (0.427-4.093)
Unidentified whale 0.000 (0.024-1.589) 0.195  -

 Total Cetacean Density 1.638 (0.601-4.463) 2.591 (1.076-6.237)

Seals
Ringed Seal 22.740 (10.587-48.841) 7.754 (1.958-30.711)
Spotted seal 0.000  - 3.322 (0.692-15.939)
Bearded Seal 79.164 (42.891-146.114) 40.980 (16.888-99.438)
Unidentified Seal 94.278 (41.868-212.295) 56.487 (16.412-194.418)
Unidentified Pinniped 5.918 (2.538-13.796) 3.265 (1.259-8.467)

 Total Seal Density 202.099 (126.535-322.79) 111.806 (52.634-237.501)

Pacific walrus 73.553 (28.702-188.486) 55.270 (17.593-173.637)

(<120 dB rms)(≥160 dB rms)

No. individuals / 1000 km2

Seismic Non-seismic

 

 

TABLE 5.22.  Estimated areas (km2) ensonified to various sound levels during the Statoil 
2010 seismic survey, 11 Aug – 4 October 2010.   

Area (km2) 120 160 170 180 190

Including Overlap Area 8,992,477 221,137 64,761 18,642 5771
Excluding Overlap Area 108,491 10,786 6136 4038 3227

Level of ensonification in dB re1μPa (rms)    
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Cetaceans 
Table 5.23 summarizes the estimated numbers of cetaceans that may have been exposed to seismic 

sounds at various received levels based on the density estimates in Table 5.21, and the ensonified areas in 
Table 5.22.  Higher sighting rates during non-seismic periods from both the Geo Celtic and its monitoring 
vessels (Fig. 5.7) suggest that some cetaceans may have moved away from the seismic source before 
being exposed to strong sounds. 

(A) ≥160 dB (rms):  We estimate that 28 individual cetaceans would each have been exposed ~21 
times to airgun pulses with RSLs ≥160 dB (rms) during the survey if all cetaceans showed no avoidance of 
active airguns or vessels (Table 5.23).  Based on the proportion of identified cetacean species, approximately 
14 of the cetaceans exposed to RSLs ≥160 dB (rms) would have been bowhead whales, eight would have 
been gray whales, and six would have been minke whales.   

 (B) ≥180 dB (rms):  If there was no avoidance of airgun sounds by cetaceans, we estimate that there 
may have been ~10 individual cetaceans exposed ~five times each to RSLs ≥180 dB (rms; Table 5.23).  
However, most of these cetaceans probably moved away before being exposed to RSLs ≥180 dB (rms).   

 
TABLE 5.23.  Estimated numbers of individual cetaceans exposed to received sound levels 
≥160, 170, 180, and 190 dB (rms) and average number of exposures per individual during the 
Statoil 2010 seismic survey, 11 Aug – 4 October 2010. 

Exposure level in 
dB re 1µPa (rms) Individuals

Exposures 
per Individual Individuals

Exposures 
per Individual

≥160 18 21 28 21
≥170 10 11 16 11
≥180 7 5 10 5
≥190 5 2 8 2

Seismic Densities Non-seismic Densities
(≥160 dB rms) (<120 dB rms)

 
 

Seals 
Table 5.24 summarizes the estimated numbers of seals potentially exposed to various RSLs during 

the survey.  Exposure estimates were based on seal densities calculated from data collected in locations 
where RSLs were ≥160 dB (i.e. seismic densities) presented in Table 5.24 and the ensonified areas 
presented in Table 5.22.  Avoidance of seismic surveys may not always occur or be detected, however, 
localized avoidance of seismic operations by seals has been observed in some cases (Reiser 2009).   

  (A) ≥160 dB (rms):  We estimated that ~2180 individual seals may have been exposed ~21 times each 
to airgun pulses with RSLs ≥160 dB (rms) during the survey, assuming no avoidance of the ≥160 dB (rms) 
radius (Table 5.24).  Based on the proportion of identified seal species, approximately 416 of the animals 
would have been ringed seals, 83 would have been spotted seals, and 1681 would have been bearded seals.  

(B) ≥190 dB (rms):   Based on densities calculated from data where RSLs were ≥160 dB (rms) , we 
estimated that there may have been 652 individual seals exposed approximately two times each to RSLs 
≥190 dB (rms) if there was no avoidance of the sound source (Table 5.24).  This estimate is higher than the 
number of seals exposed to RSLs ≥190 rms based on direct observations (Table 5.20).  Some pinnipeds 
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within the ≥190 dB (rms) radius presumably were missed during times when MMOs were on watch as 
well as at night or in poor visibility conditions when MMOs ability to detected marine mammals was 
limited.  Because of this, density-based estimates of individuals exposed are higher than those based on 
direct observation.  The monitoring vessels might be expected to displace some pinnipeds from the trackline 
before the Geo Celtic arrived, and some additional pinnipeds likely swam away in response to the approaching 
source vessel to avoid exposure to seismic sound.  Therefore, the actual number exposed to RSL ≥190 dB 
(rms) was probably lower than the estimate calculated based on density estimates, but greater than that from 
direct observations.  

 
TABLE 5.24.  Estimated numbers of individual seals exposed to received sound level ≥160, 
170, 180, and 190 dB (rms) and average number of exposures per individual during the Statoil 
2010 seismic survey, 11 Aug – 4 October 2010.   

Exposure level in 
dB re 1µPa (rms) Individuals

Exposures 
per Individual Individuals

Exposures 
per Individual

≥160 2180 21 1206 21
≥170 1240 11 686 11
≥180 816 5 451 5
≥190 652 2 361 2

Seismic Densities Non-seismic Densities
(≥160 dB rms) (<120 dB rms)

 
Pacific walruses  

Table 5.25 summarizes the estimated number of Pacific walruses potentially exposed to various 
RSLs during the survey.  Exposure estimates were based on Pacific walrus densities calculated from data 
collected in locations where RSLs were ≥160 dB (rms; i.e. seismic densities) presented in Table 5.21 and 
the ensonified areas presented in Table 5.22.  Pacific walrus densities in locations where RSLs were ≥160 
dB (rms) were higher than those observed in locations where RSLs were ≤120 dB (rms).   The density 
estimate for locations where RSLs were ≥160 dB (rms) may have been biased upward because of the 
pulse of sightings observed between 28–31 Aug while airguns were active (Fig. 5.12).  A similar pulse of 
walrus sightings did not occur during non-seismic activities  

(A) ≥160 dB (rms):  We estimated that 793 individual walruses may have been exposed ~21 times each 
to airgun pulses with RSLs ≥160 dB (rms) during the survey, assuming no avoidance of the ≥160 dB (rms) 
radius (Table 5.25).   

(B) ≥190 dB (rms):   Based on densities calculated from data collected in locations where RSLs 
were ≥160 dB (rms), we estimated that there may have been 237 individual walruses exposed 
approximately two times each to RSLs ≥190 dB (rms) if there were no avoidance of the sound source (Table 
5.25).   
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TABLE 5.25.  Estimated numbers of individual Pacific walruses exposed to received 
sound level ≥160, 170, 180, and 190 dB (rms) and average number of exposures per 
individual during the Statoil 2010 seismic survey, 11 Aug – 4 October 2010.   

Exposure level in 
dB re 1µPa (rms) Individuals

Exposures 
per Individual Individuals

Exposures 
per Individual

≥160 793 21 596 21
≥170 451 11 339 11
≥180 297 5 223 5
≥190 237 2 178 2

Seismic Densities Non-seismic Densities
(≥160 dB rms) (<120 dB rms)

 
 

Literature Cited 
Burgess, W.C. and C.R. Greene.  1999.  Physical acoustics measurements.  p. 3-1 to 3-65 In: W.J. Richardson (ed.), 

Marine mammal and acoustical monitoring of Western Geophysical’s open-water seismic program in the 
Alaskan Beaufort Sea, 1998.  LGL Rep. TA2230-3.  Rep. from LGL Ltd., King City, Ont., and Greeneridge 
Sciences Inc., Santa Barbara, CA, for Western Geophysical, Anchorage, AK, and Nat. Mar. Fish. Serv., 
Anchorage, AK, and Silver Spring, MD.  390 p. 

Caldwell, J. and W. Dragoset.  2000.  Brief overview of seismic air-gun arrays. The Leading Edge 19(8, Aug.):898-
902.  

Gordon, J., D. Gillespie, J. Potter, A. Frantzis, M.P. Simmonds, R. Swift and D. Thompson.  2004.  A review of the 
effects of seismic surveys on marine mammals.  Mar. Technol. Soc. J. 37(4):16-34. 

Greene, C.R., Jr. and W.J. Richardson.  1988.  Characteristics of marine seismic survey sounds in the Beaufort Sea.  
J. Acoust. Soc. Am. 83(6):2246-2254. 

Greene, C.R., Jr.  1997.  Physical acoustics measurements.  (Chap. 3, 63 p.) In: W.J. Richardson (ed.), 1997.  North-
star Marine Mammal Marine Monitoring Program, 1996.  Marine mammal and acoustical monitoring of a 
seismic program in the Alaskan Beaufort Sea.  Rep. TA2121–2.  Rep. from LGL Ltd., King City, Ont., and 
Greeneridge Sciences Inc., Santa Barbara, CA, for BP Explor. (Alaska) Inc., Anchorage, AK, and U.S. Nat. 
Mar. Fish. Serv., Anchorage, AK, and Silver Spring, MD.  245 p. 

Greene, C.R., Jr., R. Norman and J.S. Hanna.  1998.  Physical acoustics measurements.  p. 3-1 to 3-64 In: W.J. 
Richardson (ed.), Marine mammal and acoustical monitoring of BP Exploration (Alaska)’s open-water 
seismic program in the Alaskan Beaufort Sea, 1997.  LGL Rep. TA2150-3.  Rep. from LGL Ltd., King City, 
Ont., and Greeneridge Sciences Inc., Santa Barbara, CA, for BP Explor. (Alaska) Inc., Anchorage, AK, and 
U.S. Nat. Mar. Fish. Serv., Anchorage, AK, and Silver Spring, MD.  318 p. 

Harris, R.E., G.W. Miller and W.J. Richardson.  2001.  Seal responses to airgun sounds during summer seismic 
surveys in the Alaskan  Beaufort Sea.  Mar. Mamm. Sci. 17(4):795-812. 

Miller, G.W., V.D. Moulton, R.A. Davis, M. Holst, P. Millman, A. MacGillivray and D. Hannay.  2005.  Monitoring 
seismic effects on marine mammals--southeastern Beaufort Sea, 2001-2002.  p. 511-542 In: S.L. Arms-
worthy, P.J. Cranford and K. Lee (eds.), Offshore oil and gas environmental effects monitoring/Approaches 
and technologies.  Battelle Press, Columbus, OH. 

Moulton, V.D. and J.W. Lawson.  2002.  Seals, 2001.  p. 3-1 to 3-48 In:  W.J. Richardson and J.W. Lawson (eds.), 
Marine mammal monitoring of WesternGeco’s open-water seismic program in the Alaskan Beaufort Sea, 
2001.  LGL Rep.  TA2564-4.  Rep.  from LGL Ltd., King City, Ont., for WesternGeco LLC, Anchorage, 



Chapter 5:  Marine Mammal Monitoring     5-33 

AK; BP Explor. (Alaska) Inc., Anchorage, AK; and Nat. Mar. Fish. Serv., Anchorage, AK, and Silver 
Spring, MD.  95 p. 

O’Neill, C. and A.O. MacGillivray. 2010.  Statoil 2010 seismic survey program, field sound source verification of 
Statoil’s 2010 marine seismic survey, Chukchi Sea.  Contractor report by JASCO Applied Sciences, Victoria, 
B.C., Canada, for Statoil USA E&P Inc. 

Reiser, C. M., B. Haley, J. Beland, D. M. Savarese, D. S. Ireland, D. W. Funk.  2009.  Evidence for short-range 
movements by phocid species in reaction to marine seismic surveys in the Alaskan Chukchi and Beaufort 
Seas.  Poster presented at: 18th Biennial Conference on the Biology of Marine Mammals, 12–16 October 
2009, Quebec City, Canada. 

Richardson, W.J., C.R. Greene, Jr., C.I. Malme and D.H. Thomson.  1995.  Marine mammals and noise.  Academic 
Press, San Diego.  576 p. 

Richardson, W.J., G.W. Miller and C.R. Greene Jr.  1999.  Displacement of migrating bowhead whales by sounds 
from seismic surveys in shallow waters of the Beaufort Sea.  J. Acoust. Soc. Am. 106(4, Pt. 2):2281. 

Smultea, M.A., M. Holst, W.R. Koski and S. Stoltz.  2004.  Marine mammal monitoring during Lamont-Doherty 
Earth Observatory’s seismic program in the Southeast Caribbean Sea and adjacent Atlantic Ocean, April–
June 2004.  LGL Rep. TA2822-26.  Rep. from LGL Ltd., King City, Ont., for Lamont-Doherty Earth 
Observatory of Columbia Univ., Palisades, NY, and Nat. Mar. Fish. Serv., Silver Spring, MD.  106 p. 

Stone, C.J.  2003.  The effects of seismic activity on marine mammals in UK waters 1998-2000.  JNCC Rep. 323.  
Joint Nature Conserv. Commit., Aberdeen, Scotland.  43 p. 

Tolstoy, M., J. Diebold, S. Webb, D. Bohnenstiehl and E. Chapp.  2004a.  Acoustic calibration measurements.  
Chap. 3 In: W.J. Richardson (ed.), Marine mammal and acoustic monitoring during Lamont–Doherty Earth 
Observatory's acoustic calibration study in the northern Gulf of Mexico, 2003.  Revised ed.  Rep. from LGL 
Ltd., King City, Ont., for Lamont–Doherty Earth Observ., Palisades, NY, and Nat. Mar. Fish. Serv., Silver 
Spring, MD.  (Advance copy).  

Tolstoy, M., J.B. Diebold, S.C. Webb, D.R. Bohenstiehl, E. Chapp, R.C. Holmes and M. Rawson.  2004b.  Broad-
band calibration of R/V Ewing seismic sources.  Geophys. Res. Lett. 31: L14310. 



 

 



Appendix A:  NMFS IHA    A-1 

     

 

 

APPENDIX A:  NATIONAL MARINE FISHERIES SERVICE IHA 

 

 

Karin Bc.rcntKn 
Ai<I>b HSE and U1k.lloldcr Advi"", 
Glob.1 E.xpl<>ntioo North Am.,.ica E&P 
2700 G3mboll Sir .. " SoUt. 200 
!\",,!>or.,I!". Alool;, 99503 

Dear Ms.... f:k:fcnrscn: 

...... l"TWg .,-y~T5. :g~NT gp: C QMMIE_C_ 
N~" ou..Na .. I"I1II AIiftIDIaj!i~ AdmI~kIn 
NAnCNAI.. Mi".RNI:....-~ ~~ 
~~""Oa;e1C 

AUG u 8 21110 

Entl<i<l<d i. an I",,'" '.1 H",,;s,mCII' Au':oo.iZUlioo (114"1 bl;ucd Ie) SMoil USA E&l' In' '"""" 
.I>c: QulboJilr ofSmioo IOl(a)(S)(D)ofthc M.1ril1< Mnmrnnl .l'ro1.o;t;oB 1\<1 ( 16 U.S,C, 1361" 
"9 ).10 take. by Lc,·.l B IwassrnCltl ooIy. small numbers oJ bcluga what.s (o.lphflwplmu 
I.""",); Iwbor porpoises (PhoCOflna ~""); killer ",hal .. (Orci""" tm"a); bo"f1oad ",h;al", 

(Bal"''''' "'J""Ie<IOS); groy whale. (EJrl1rlchtlus ,0.&",,,,,): hwnpbw:t "flab (M'ego/H"" 
Plornjt·llr'l,li"li.tri>j; fin whak:~ (BaiDelruptf!.rd phpaluf); minke wt.a..~~ lB. ocrdl/rtl.S'"lrura): tR~d gcals 
(frigll fJtJrJlJ harba~r.J.jJ ; 5.pOn1!i:l. .$JI!:.bl -CPhIx.·o IU'l.'ha) ~ rfll"~ :!lh:is. (P. IrLipidd)~ [u'ld hbbM1 :\e"ai~ (P. 
[OJci"',,) iB<i<lorunl 1o ""'oil', rntulDe """ C)' proeRJIl in lbe CbukdU s... durilllllM '2() l ()op<Il 
""lC' "" ... 1L ll!e IHA is , 'slid fram August 6, 2010 Otrougb o'·.ml:cr }O, 20 10, 

You ;!te required '0 oomply w:i t"h lht! cflooil\tm.i tonlalhoed irl lk.e lHA. Tn adi:Li[io:n, you :illllSf 

ooop:ntr: ..... ,bh ~ FetkRI. !it:il~ or Ior;w Ii1;geoc;~. lll.1l;borizcd to m(Joi1or 1he- impiKl.S of )'ot.J.J 
acti\'itits. J1' )'OI.I have any questions (:oocem.in.g me lHA Of it:s rcqu.ircmcots.. pre:il~ conm.~l "bt1De 
Guan, Offtc< of Pr<M""",d RC30""'''' , NMFS.1lI (JOl ) 1 13-1.289. 

L/I/~ 
~~-H. I..£dy, Dire<:"" 

orr~· o.fProlet.ted Re~I,1I(:C~ 



A-2   90-Day Monitoring Report:  Statoil USA E&P, Inc., 2010 
 

 

 

 

 

 

\ / . 
~""rI 

UNITeD B TA.,..., ...... .-TM-...rr QIi' ,Ci:illwUwillIllCiiI 
N.1I1_11Da_'" --=I M rna.pt.ria: A.dmInJ.~dan 
~"TDN6I 1VLAFlI~ ~iPlEB 8EFN'1CE 
a ...... ~. I\ICJ 209 , 0 

Sl3toil US .... E.l1.P 111<:, (Stato;L), 2'700 Gambell Stred, Suite 200, An.""",!!', AI>Sk. 
99503 , ;. hereby ..,lhorizOO und.!"",,';on 101 (o){5)(Dj of the Murine M'''',ID. I 
1'''''''''''00 1\L1 (16 U.S,C, LJ1I(a)(S)(D)) . "":S(I fR 216,107 10 ",k<, by J.cvcill 
hnPssmcoL 'oot.ly. smilll numbers ofmwcmg,anllli\ls ioc ickllHll toooru:lnr;ting IlJlOpcn 
water Incmne sei:smic 5~"C)' progmm in tOr:: CJwkcru Seas iiIlI Araic OCCiJ) Wo.ters under 
Ibe j_rioW.lm of UIe lJnilro Slales, oonIill£"'t upon the following oonditio ... : 

1. This .... oIIJonl1llio., is vali4 from AUIlUSt 6, 2OI O,lhrough November 30, 2010. 

2. ThO. Auiliorizllti"" j, ,'1llld ani)' lOr .c4ivil~. '''''''0,«1 " 'jib moO"" 30 arul20 
sc1mlic surveys [ I) too Chukcm Sea. 1bc ~flc ~ 1A'hcr~ Swtoil's marine 9Cism'ie 
:'I tlr\'oeys will be oCooouctcd are within I!lJ? StSIOil lc33C hoIding.i it:! [he OUte:f Co.ru:iMrUal 
Sbelf (0 ) lnoe Sole 193 ateb in .be nortbem C1t\J~ch[ ~, 

J . (oj Tbe spe<.i<l! .utlJoriz«l for inocidOl1lill hurasomcot toking' .... , ~_go wbal .. 
(DeIp/liJlf.rpt.,,,,.I.,,cas): harbor porpoi""s (Plmc(N!JIO p/Iooo£na):. blle:r ",bat"" (Orellt'" 
otJ:'Q); bo .. 'I",.d .. 11111", (Hal","" "'Y'I)""' '''), Bill)' "t.les (liscirrl"o,)1H roous",.); 
:h\.Lmpllaf:i.: 'tVh311!!$ (Mi!K.ap1~ra mh'aeangfi()'tj:; nil ~i1' ~ lBa!L~nnp.!~~ rmyj'ulr.Lt)~ lJ1 i t.'t~ 

wh&! .. (ll. """"")iI'oI<I); boordod :oeoolo (tri(,""lh", b.:rb.""f. 'poUed .... 1, (/'h""" 
largira); ringed seal, (P, hi..-p;.tr); and ribbon seals (P, fo,rciato), 

(b) The a.m}l.CtI'j7".at.i,,~ (01 taking by hEt!8S::ltne1lt jg liim[OO [0 \,(:9scl ooise: ai ld 10 ti ll!! 
foll(mlnK ai:t)n.jl1c 5:(1tI~~ ((It' S'OOh.'6 wilt. C(tt~.Ikp8r.1.b l e rtt:qL!.eI!IC:Y lltId LiuCn.,hy) 
""itJl(t~ 1 ;in *"~L .... dr'II.en11(1 lhh A..-ttll)rUhr!CIr'l: 

(i) AlrgLin ar~)' tlu:.l as .c~IIII)('I S(-d of d'iree slrinRS fOr a [",,:11 nfu;. acd.ve 0-
8u,,,, (4 )<60 Ill", g. m In' . 6- 100 ro', 4. 15(Hn', ODd ~x250 In' wi"'. IOlal 
discl1"'l!e \ '01""", of 3()()() in' ; :>nll 

(0) The ItWllI! orOll)' morin. mOlDlJUllI ;n • <JWUU<r probio;lcd .D<k.r 1m, 
Autll<lrization llWSt b, Jeported wilbin 24 hou" of UIe taking to lbc Alnska 
ReSioo31 Ado,;ni;>trato, (91)7-586-722 I) Of bi. d.csiSI'C' ill AJlct .0fa£" (007-27 1-
3023 ,N~l"~l M~rin. Fisilo;rl., ~"i'" (N).fI'S ,.,,11 the Cbi~f M.h. Pe"n;'" 
eons.....uoo aod Ild"". rioo Di";';o" 0Iti.., or Protcclod Res"",,,,,, M1's.. '" 
(3()1) 7 13·2289, ext. 110, Dr his daiSO« (301-713·22119 <xt, 131), 
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4. ~ h()ld~ tltlhis AIl'llu:;lIiVLli(l{l i:s r-oqlJire4. In QI}I)"J'C.mlc "\'1,i'h NMFS aDd W.l~· Otll.Cf 
fl:(h;~+lI. :slilt.e (Ir 101;411 tl8l;n(:y ,,,i th i'\lUwri' ~' to lJlOIIitor tile impllds of the wiviry on 
In3tllle at'Irft'l:·lls. " 11iE! hold.er m'~ fll,'JLHy 1Ju:: Cht.:f (Jof lhe l·ernUlS, Comcrvation.and 
Edll.l:iltigl) Di"d~l(m) Ofnce of T·rl)l.et;:l~ Re...'Iiio1I;1;e:s, ~ lletJ:'!l41IJoilm.prjor 10 the· stun of 
<=oUr:.-;1 ing seisnl~ da.t., (1m11:,5~ .;omlT-lIincd b~' Ute dille of issJ.mllC.c of tbis. Au~~tiorl 
in whidl c.osc: noti.fl~lio" 5001 1 be: L,...,1k: as SOOD as. possiblel-

(:I}11le ~.k..il1g ~ by klddenlotl hi1~f1lICTli I on1)'t i:i Iimjted '0 tbc spcdcs l.isto=d uDder 
<ondltioo 3(olllbo,'C. Tb, laking b)' LAve! II hmnssmcno, injUf)' or d<alb "ftlt..., 
"Jl<"'ics or tl>o !Bkins b)' /tarossmrnl. inj "'Y or death of llIly other 'Pre;", of mari.e 
m3mmal is proilibiEro and may rcsl.lh ill d~ modification, gus:pensi.OI1~ Dr 
fl!'VDt.aIioo of th]g AULll.ot''i:zatio.i\. 

(b) The- I: n~k orallY Iti;)tiflC 1]1;)1[lIiloal Ls ~,rubih:d YIoi' W\,e:Vi!T til: req~ ' t ri!d OO!..tfol,:et 
, ..... 1 mnDo, m.,tllMI 01"",,·.,. (M.MO,). fOg"; ",d ~ omd;lioo 7(.)(;), ,re 001 
o.bolUd io oorU'om,oo,. ",dh ronditioo 7(.1(i) ,,[(his AlI1I1o rizatioa or 111. p.lSSi, .. 
a(;lollstic mQwwrtn.g, progmm dcsc;Tibed in condition S is Mt ful ly implefl'JeIl1«L 

6. Mitigation 

(i) i-\ yoid COfIce:n1rnljcln.s Qr groups 01' wbit!e.s by 1111 "\'~I S IJrIdcr the 
dlr<et;o. of _ il.. 0poIDlo[S ohup""" vessels , bouJd, at all ti~ .. 
oondlll~llbt!tr acti\t ~ ljC1 &1 thCi Dla..:imum dfstance pDj..'Sible from sud 
«nIC.:lltnltl In.~ of ",half'S. 

( ii) Rod.", ~I $j><'Od to b<low lit kllot, wb<o w;Ill'. JOO )'""," (274 w) 
of wbole. IlI1d Ibooe """,I ... pabl. o( .. co ring . rmlnd M1,b group.s "'ould 
do so. Vessels OUI)' 001 be operated in such II wnyas: to scp6J.iJte mcmbets. 
of "you!' of ... 1»1., from other rnembcJ> of the group. 

(Ui) A"\loid mu]tipli= cha11&-CS in din:.;tion nnd sr.w;cd \d'ICllIA;thill 300 )'~r(bj 
(2'74 m) of wbnies. 10 Ildditi{Jo, o:pc:I'atOl5 oWI.{luld 'Cbeck .hl; 'A'a I:eT'S 
i mm.cd1a~c:fy u.di~I,;r:n' '0 III v.es.sr:1 1:0 eB:SltIR lMt no wllt1le~ wiJJ be injwed 
when lhc \'essel's pIQpellm (or S<;~~) .. ,rr: 'C[lgi)gcd. 

l iv) When wt1IIbCl'coooitioru require, soch as ",1>0. vioibility drop". odjust 
~] 'p<OO .ccordiL1Sl ~ "' .void ~"' li1:olil>oo<l of injUf)' [0 ",bal .. , 

(vi) rully implem,nt the j;,]lowi"ll ~S, tooli ..... t wi.h I/I.UlI O 
Pion of Coopc"uio. (POC). io ordcr 1<> .mid havi'\!l BIt Ul!lDtiti&Bl>k 
adwr:s.e lr,~poct on the ilvai ~abi llty of mari:ii.e: n\3lt'1rm~ L sp&Cies or st-oob for 
I ~Jci.IJi!: felr ~1.b~i:UenL:~ ~: 
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(A) I'or lito PIITpOO"" "r r«I.c~og Dr oliminatillll COBlliets betWOCB 
.Jllb~ i:.l1~n~ wlJaling ~ctiviti~ mw S~to ir:s ~~y progl1llJ1i. tbc. 
holder flof.1ilii A'lltbluiz.illioll ''''i ll piITti~pmc \\ith olm -opcrMOIs in 
1110 COnuJ1.ooicntion Illl<l Coil Ceo,.,. ( em-Coll'er) I"ro£n>m. The 
Coco.c""'crs "ill be opc<a1«l24 1.oUlsfooy dllfiflS the 20 10 faJ l 
su,bst:s.rnce bowhco..od whale hum. 

(8) ~[)aI shall n)l1,iAe ly cull llJ.: tommunit21"'::m d:nl~r ,,;u;:c[lrdin:g 
In Ih ••• ",bl;;h,ed PrQk)CaI "rul. to tho C~.lo;hi S .... 

(C) Upoo "o"ficati"B b)· a Com·c.c:otcr operaI.or o f OIl ot~ 
cmcrll"o y. lito bold., of Ibis Awboriz.ntion sball provide socb 
ass::ist.nnOe as DC1X'S!ISfy 1.0 prC"'<:1ll Ihc Loss of life-. if oondiril1lt5. 
ttl low \tit!: liIOldcr.of tllis A.ulhoa-iZ!:licu, lO safeJ)' do so. 

(D) Upo[') req:u.~ rot etrH!rQetlC:y 3~~ 13nOl! muilt! by 8 gldJ~LSI~t'II: 

IA'hale hl,lf)'tin..u: ory:iJnb:~L ino, o.T by n member of ~"Uch fin 
OIll"llizo,ioo. in ""d ... to p~.OI tl>o """ of. ",·hill .. 11>0 bold", of 
this AuthorilDlID.n shaH assist towirt,g, of B. ""hale taXeD in:il 
tro!:ii.(ional sub!iiSltrlC(" wlvllc flunt, ir OOI1ditiOBS allow Illc hDlder of 
this .~ utoorizafiQn lO safely do so. 

(Il) f'n"~ R •• i.", l;oIl<"Vi0.ll wmpk~i,'" Elf "'~ WI 0 
ChYK<:bi Sf:41 open wah:r rruubu: .seW!; sl.frtTey prog: r:am" ~i"'OiJ 
;shal1 OOIldl,lct IJ. (;o·Dl.ilBilg'ClJ\C'!m mmin:g wi.th .be: OOITlmissllJflel"S 

aJ.>d committee boads of lito Alast. E<1imo Wha.l'~ CO"'IIlissiOfl , 
Esl:~inO W.al.rus: COinil:'lisJion, Ahw8i IkI'Uga Wha1e Cotrut'lincc. 
Alaskillce Seal COfllJnit(ee. and the Alma N!u:nruq Comt'lussian 
lo djSCtJ~i te'!i;ulls of rl'1ilig;ilioo mefdIJ :lJ1.d o rJ.[CCnjilE!.t ()f me 
pl'eted1t18 se:a.;l.'Ir'I. i~ gnal Qf Ihe< pOSl~1 Jfle~ng Is 10 hu~l d 

l,lpoo !tll:- knowkd,g:c b;.t !jC,: ~ di.scuss StlCr;r:$sful cOn \In!o1tc<:C.StfuJ 

oL"II:Qme~ orttlilil! :iticin 1Dt!:a.~ Urt!~ I .iirx! pt·l..t.iibly reruLi!! pll:M ()f" 

r:td ll!j..'t.tion: nH!!3lrtJJ'eJ; If ne~ilJ'y. 

(Il '\ i.!'t~Wr ;!r nl3:Till~ ~Intnill L.s: dtmr::ood ol.!ILSiiU! II~ ~.cltJ.!kJtl zone 
r.tdlli$ :ind IKL'ied 00 iu; position alln n'lt.1Lion re]a.tJ.,-e [() lhe srup lrrk is 
lii;cJy til r:n,tf Ihe Silt!:C)· ~us.. alc~lall;! :inti bll1rrlc~ :m alle.rnaLi\'e 
ship speed '" tm.:l<. or dc·e:norgize lbe aUgoo aJJD~ , ., dc .. ribed m 
eoodi.ioo6(b)(iii)(A) below. 
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(A) E.$1aMlstl fl i~l tnClrlLI.(lr .... 'ilh Ir.;Uned tM~" pre:]imi~C), 
cx.dtdilon 1.t)1iC f().T c.t:tOlCt!a:n~ :n,rrol,Jot;IinS 1b~ ~iri'1[J wti1y on ,tK: 
SOlirc \'C!lscl wbere lho recel\'I£!d k \\t!1 ~uld be 1 EO dn re 1 JlPUi 
i tni. FOr pu~ .o f lbt:: tie.ld veri rit=t.it'tn tt!~t. de~ribc..-d in 
ooltd; ,;o" 1(.). ' hi ",dl,.. i, ... lm>Locl '" be 2,$W m (lS~ mil 
l"OIn Ibe sei:sml:r.:: :sQurc;r:. 

( Il ) Co;':.bli.tl ilIld ill"" "'iill \JoiJled MMOs a ptelimilllll)' 
cKclltSion WDe ror piJUlipcds slmoundin.g the airgun arra}' OIl tht 
soorce \"tsscL wbcre the r..."Cci\.'Cd lC\"E!1 '"''Quid be 190 dB rc l ~P:l 
flU'. Fot purpDSt..J:-Sor llKl fitld \'etifiCi.liUOn ~std ibeclltl 
c(m.dj[i6t1 7(b~ Ibi tfldi'L~ l~ ~:l1i!d 11J b: iflO In {(t44 mil lroo-. 
Ihi!' ~i$m ic lSQl1l"¢t! . 

(e) A l@ dB ,'C.",I LnooitoriDg mne f .... '"'''it .... d LLJHI gray 
whal"" " 'ill be o.,ooJisILcd.OO mooil<lr<d during .11 sci"",< 
swvc-ys. WI}Cnc\~r an aggf("gariOll or 12 or Inor~ bo\.,1\cad uttal~ 

or JJray \-\'hale:s thal sppe:ar 10 be oCflgBgoed iD a. OOIl-migralOI')' I 

si 8.~i ii t8 .. 1 biological kcllBvior (e.8--1 f~i.ng.. soc: ializiBS) are 
~esved ( 11th'l l!: :l1 ~ .aetlaJ 01' \!es-~ I IJI{I[llmnr'lQ: pf~I(1 ,",':nll'i(l ,he 
t6(l·dB sa(ct~' f.()Ilt!l4tC'01,lt.\d the $t!i.~rt t(: :l(: ljvil)'~ I h ~inl; 
operation \",·m I1IDII tanmelliC>C or ...... U] :!ib\.ll ~n, FOf PlJIJKI~5 or 
lh. field ,'C"fLCLLlioo to:st d . ..mb<d in oollditio. 7(b), \his mdi .. i, 
.,tima,od 10 be: 13.000 III (8.1 mil from lb • ..,i.mk sour~c. 

(D) IrnmodiLLLely lI]>Oo OQI.~ootioo of d31a .... 1)";, oh be fi.Jd 
verificaliom me"L~i.m!trlt!tJlS required uDder COIldiuon 1(t), b!:1()w? 
e~l11bli~h :tor,l mo.nii lc)f" lhe ~w 1 6D.dB~ ~ !()..d rt . 3fKl 19{I.dB I1'Ii,lTII1~ 

m.-nl.TU,[ >C';.;dusi o'n zoneS. 

(iii) Powq-do ... ",n/SbgtdQWD; 

(A) h.nrnN iBlcly pctwcr-dD'\\n tile sci:smic lrirgun una:yantWor 
01lla- 1l0000IstjC souroe.s, \",bcro;ver Wly I;I; t~can.:5- arc: Mgb.1~ 
llpproocbing closc .oar wiLhi. lbe ""'" dclioolllcd b~ tbe ISOdB ro 
I pp" (rm') . ... pinrupcd5 arc , ig/ltcd nwroR<lLi "ll c""" to or 
within tIL<: area d.Ju...tcd b)' \be J 911 dll " J I''''' (nm) ;"'plctIJ .. 
est:JbUst.edi under toruli_ion 6{b)(ii) (or 1bl: all' lhoril~ scismK: 
.j][rgl.ll1 .array, lr the POVt'l:f-OO\"'l1 opu.aticm J;a'Jl]'1ot talm:r; fhe 
rcocivc:od ""'00 Pn:'Ssurc 1.",,1 at tIu: Cc1llOl:110 o. pinoi pod to 180 dB 
Oi 191) dB, whid",,,,,, l. 'wropria .. , tb. lollldc, of d.i. 
Al,Jltll)ril~ioo m~1 Irnllli;dJaJ;.:ly ~ It ll!dol,.\n tt. $eiSii'tlie airQ:ufl;&{r;lJ 
and/or O1IIcr .aC(lU~1.i~ SO\Irc:es. 

(In Not prot.:i!ed wi1h p<rno«1n8 uFl lhe ,cisuljc tti .. :Y,'UtI ;:m;a)' ~ll l ot!.S.'i: 

It.r: Inimn;: IJl<VIIm.lll:3dusiCl[J zoo~:s d~all;:d i[l ~dilil;l~ 
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~ Wii) I\) LiIrotJgb (e) at< vj, ibk and 00 mali ... I1tiII1IlTIIIIs"", 

de:tc.;.1ed wi.bin the .upprOPIUllc sufety ZOJ1.CS~ or until 15 mirnn,e;s 
(rOC' :sm.;tll] odoolQt"C:I~ pmrureds) or Ii1lTlinilJl\lm of 30 mi.JlAltcs 
(for m)'>liC<'\<,) . fI¢rlh'<e 110. b .... 00 rlUt.hocvi ..... 1 d~...no. of 
ti>o onimul(sl wi1lli. li>o ...rely Z<l0¢ und the lTaincd MMO. 00 du<y 
arc: coonden[ [hal 00 mari.ne I.ll.ammah: rrn'&8jD with.-n the: 
appropriate safety 7.0DO. 

(e) In Il le UrliI1ilic-i Pt':lLed e'Ven~ ,t"11 an ilul.JI~d (lr ~iJd rmIDne 
manunol i, oi~llo:<l wiUlin M "reo wi>o<e tM Iloldor o(,bis 
lu.aMriu1ioll deployed ~OdI uti lized seismic airguru; ...... ithin the: pa51 

24 bows. i -mcdio.k:~ ~u.tdD''''lI tile seismic air&lJ.n 1UT<l)' and! 
notifY 1110 Marine Mammal Strandm,~ "'«work ",ilhin 24 ,-", of 
,be "!lluing ([<loph""., 1-'100-853-1964). 

tn. Til L.11J!Il!"\lellL d'll1l dlC! rnanr!le mammal 1ia:J be-@n 
d~«ennlned Loh:t'Ve been deteiL-io:1 (:(H at lem 12 Iltiun;, illS 

<ertiJl o:<l by th, I""" MMO oooo.'<ilb, ""'~rt ........ 1. ;md 

DO oti>of mum.. 1111111110." b",,,, """'. re:p<K1od injured or 
dead duriog toot .. ,me n bour poriod, 11>0 .irgun BIT")' tM)' 

1>0 ",sLlrtcd (b~ OOIldtICliog li>o n""",SM)' mmp-up 
procedu= dcscril>otl in co..w[ioo 6(b)(i,·) bclowl upon 
tC'unp'IC'lict:l or OJ. ","'rlueD «rt:i fi~lion by ~ I~ MMD. The 
~i;;I'tifiL:;st iiln DWt\L incllldC' ~J,e> (ollowi-ng: ~pl!L: i:e!l fir 
dl:lSa:nptiol] (If 1bc. .tJllimal(s); the cnndi1tnn of the ilt1 l f]1iJ l (~, 

(i ncludi~ .....,"', coodi,ioo if tb.c: animal is d...!); lo .. tian 
aJld time oJ first di,sca.vcry; obscf\'cd Ixnaviors (if alh\c~ 

""d ""o~, 0, ';dco (if .,·ru lable), Willli1l24 I",." 
aft ... [It.e """'" 'p.ci6ed "-it!.. ,It.e holde, oflhls 
ALJl1i"rit~tliD:l ~ nnlsl nol.f)' dlf: d~i Glli!ll:ed suIT PCr.lO I~ (~t!' 

III b<low) h)' "kp"''''. '" em",1 of ,he eve .... ,Id ".".,re 
tlGt til<: ",riLton <crI,n""lioo i. pro,,,d"') lu ill. t-IMfS .I>'Irr 
pl;!~I;;I I]. 

(11 . bl th.e t:vtmllhitt thie nlaOr:x!l mumn'laJ Injun' n!!~ultcd 
frnfll ~Qm~bi1li 'li4h~r than se:i~mir;: airgun ('~licms (e-JJ-. 
gl.msIJOI wound, 'pnh~ l>t!:ar anjek)1 as t:ertifietl by IhI:! le:!d 
MMO onboardlhe :\elSIlIlc:: "e;;.."d ~ L L.e it.1l"8Llrl arra) Il"lay be 
n::sI;>rI,d (by CQn<I.C1lflil, Ih. """o;,,,,~ ,"n,j>o<Ij) pru""' I~' .. 
de.cribed in condition (;(b)(iv) bolow} "P"" «)mDI.,io. of 
B. ""'linen ccrrifkatiol1 b)' tDc MMO_ The crr1ifi.calioCi mllSl 
iocludl! tile: roUowi.ng: ~~.c~s or dCSC'ripiioot of (be 
illl ;rtlal(s)j Ihe trnu:JiLiL1 l~ af 1he ;:!min'Ull(l) (Ir.l i:!oo.lng ~ ass 
condition if the !lIlimal is dc::Jd)i 10000ioll tl,[ld time Qr Unit 
disroveoy: ol"""vod bdlavio", (If alivo); ru><I plwtogr.phs 
Or video (if ~va'lab:1C'). Whbiu 24 lP\lo after ,be t"t"e.ill 
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~Ined """"n. ,ho ix)l~'r()fl~js uloorl.l;'lion rou .. 
"" ... if)' Ii", d<.lg".,cl>1alY pt=gn (0"" III Iotlow) h)· 
lc:lc-ptu)oc or .eO\8U of [hie (!;Vctli 3J1i!t emsl1ro(! Ehl:tL (he wriUtsl 

""nificrui"" i, provided lO ~'" NMFS .,,,.11' 1"''''''''" 
(IIH. I. lho> "" .. ",h< .nimal ba. nol """" ,I""" foro pclioo 
~;~er !.hal'! n h(J.l1r.s;(t( the f;ttlL'5r::Or,be injlJlY(J( dcidb 
=:uJ01 be: [mm.di"oly dotc:rm.ined 1». tbe lead MM .1110 
holder or lhi. Auloon,.afion ,ball immedia1ely rqoon ,,'" 
incident to .<ilicr lbe NMFS staff p.."''''''' d<si~lI3te<l by Ib, 
Dimeto" Office: "r l'ro<i:C'Iro Roso"""", (SI>Iloc G."". 
OffLO. of ProIcctro Resouroos, N"MPS, 30 1-7U-22R9 ..... 
137 CK SIwIc..Gll&Ib'tlnaaa.KOv) IJ t 10 lbe ~aH pe:t~;&n 

d""isn"l.d by .be Ala."" ROiwn.1 i\<lmim""'OJ \900 
Smilh, A l..to Reaio>n~1 om«. NM "S. 901·~71-:H)13 or 
Br .• :LSmilh@ne;g·i"v). The ]","", MMO rnu.1 «lmpl* 
",line. ""rtifica,jon IUld JlC"vido it to the KMFS oI.l ff 
pc"""- Th«cr1iftc"'ion must i:nc.lude tbe follo\<;.g: 
&po:<: ios OJ description of the an,moIC'}; II .. condition of ,be 
anillloJ(s) (indllliing .:sn:ass cooditioll if (be arumal is 
di&8.d); tocmioo and tin~ of fll.5.'1 d:i!lco' .. 'Cry: observed 
hel."I(I<!I (if alive); ""d ~bo",itI"ptt.< Of video (if "" .. llahI<:). 
T lu: ~rs.l,1l] <UTa)' nloa)' ht! J1;!sl2lrt:cd (h~' ~ndu.c;1:inK liw! 

lK'Ce~~il t)' RlIllp-4lp proccd~ de~nbed UI< ,(:{ukjjtioo 

{,(b)(i vI below) "I"'" «ll11p1el'OO of 'lie ,,·,illoo 
(:cf'(in(:D.tiOli. 

(IV)_l. <he .''''Hl ilI.,1iIc ,norino mmlmal death OJ injury 
",'as diroct ly ·ca.us£d by Ibe :5ol?:i!ltruc- airgun operatiOIU (e.g.., 
~1nu::: ' by.n \'~O;:td, oent.a:l,.g,ied hl £ear), llie Il(JIller Qf ll l 1~ 

AU1hl)ti"~j",,, dia" i",."..Jj.,ely ~po)I1 ,b. incident ..... tl\. 
""'illn"t.~ M ~S '~LT "",,,l'O (s.e ill , .. 10("..,) by '.JopiJone 
'4>r e'lDil i l.<tl7ld ,~ • 'i;t r int! M;unrtl~1 S tr:o-tnl,litlg Nt1w.t)rk or.hi! . 
~'I.\t!n t imd e::il!1ure tllal ,,'tinen ce.rllfitMlult is provided IA) Ifle 
NM F'S 5[aff pt!~:m. Tlte l.:eTlifiL:;l!l ifnl ri'I _1J~ll.ii(;.Jude (be 
r(J llowb~ ~petles ( 'I[" de.SiCrip!it):n Df ~he otrt:i~I{~): till:! 
oor>ilili<)ol o r lh" ani.",I(.) (i""lodd'S .Ot""'" ooru!itiOll if 
the art~fi)a.l is dl?3dl; localjo.n and tjjt"l e- of j jNL disco\'t!ry; 
()~I i><h,wl(JtS (Lf aU,,, 1; 'tld ~h()'O~r.lJiI), or video (if 
"V· -Lobi • . Tho i>iI'¥"ID ""IY oJ<)4 "" "",~.J1od until NM~~ 
MS boo aJI OpportWljty [0 review ~ be "Ti~ttn 1;.e:r1jjjcu.trotJoJl 
IlIXI all)' aocompanyin-.g docmlll:lllalion, lI!Iu,c 
dtltmUt'1:u:iIJ.fl~ :n 10 Whether IUooiflcsLions LO I:he aClit,'imiC!l 

, ro.ppropriolo;md """""""l, and """ (}I>ljfi<od LI .. hol<J.. 
that -8.ci:ivitics Inlly Ix: fC:.s.umcd, Approval to I'CS\IIDC 

0pcfDIion. rn.~ be jlO'ovidcd "ill letter, email, or lCIcpoono. 
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tl\) COtldlK:t a3O-mi.nlllc JK"_riocl o f fn3r~ lI~ [f mmtJ ~ UIncrY"3'till r~ 

by aL ltilSl fWU [r.l.lr.ed ~{M(}.:I rcior 10 eomm.encmg mmp-up 
de~dli)od on ~or>dillon Io(b)(i'l C}: ([) . , ,'''' com:m."""",",o\ of 
..,i.mi. 0iWo"""".nod IU) ,. any ~"'" c1octri<ol J>!"vcr to 'ho 
.ifl,'lm illfll)' ba, been discontinued for. period of I (I mil>l11cs or 
1ll0,"" Bod"'" MMO W8,cb Iw '"'"'C" " ll:5p<nded; 

(8) NO! ""'"" """'"" ramIHJ~iflh.colfl~l~ <4.,y radll ~ "ot 
.i;'blt fo r , ' lEa$l 30 mi"~1E$ pricK 10 r'mp-ul' io .ili"" d.ytigttl or 
Bightum< ond not <amID..,."" mmp-"Jl ill n~~11l11!~" lito ..,i,mi" 
""""'" Itru; mttitJ1t>in"" 0 . octnd soot«> press",. Jevel .llb .• soure" 
olo1 l ... 51 110 dB re I ~1·.nDB d~ring tho interruption of scism;' 
~y .pontli""., U-. sound sou,.,. of .t!cost ISO dB '" I "p., 
ttltl ha, bcoo maintained <!wing tItoo LlttO.fTUplion of scismic 
operru:iOGl.!I . tliC111hc' 10 InjrlLfi£ pre--aun(l-t!p vis.1J:lI :ilIt"VI!)' is: 
wflived; .a~ 

{C) Ramp""I' til. "lr~1IIl ~ ~I 00 gr'ca"'llhivl6 <lEI per 5· 
minu'" "",;od startiog with lite bIllitllcst .irgun in Ibc orr.)' IIIld 
ilten odding additionitl gultS in ",,["Clloe until tit<: full """y i. 
ruing, if.o moo"" mBt1Utlals ..., ab .. "",d while lJoomalif\l\ 
<oooi.iwl$ 6(;" (A) .nd (8): (I) at ,he oomI01C1\oom~J1' or sci,",;. 
Q:p<!r;I!I(»l~ ~ (U) 'i1I~yrlm.e aj\':'r Lh1.:! a'~n al7"'~ 11"!5 bLoen p;:Iwl,;n."J:1 
do"n fOT mol": 1hill] 10 millllltc:li . 

(i) The hold", uf this AUthOrUali<l1l InU", .b..>lS •• te b;"J ogieall )'-lr8~ood. 
on-,i.' o i"dlYiduais (MMO,! 10 be oob"",d the sourco ,..,,,,,1. wh .. are 
appfO'\"Cd in aih1wce by NMFS, to cooouot lhc- vislI8l mooilori".£, 
pt'Og:rnrm. required t:J1:Xi r 1hts Autborizmioo and I.Ct record liM: effects of 
!lcismi.e sW'\'eys ;)Jld Uk! res:ul[inG JlDtsc on lnari.nc m9:mmaJ.s. 

{.I\) MMO ,"""', ,1 .. 11 co",i., ofJnupimobo""'''''' and 
""pcticmectl n.ld l)ioL<>ai.a At' ~."",j""ood r",IIi «"", loode, ",;11 
su;pcr.i •• 1b. MMO team on""""" lite .1H .... y •• osel, Ne .. · 
lll\scrvcrS ,ooLi It<: paired "ilh "" pcn.oocd ooservers 10 ~"';d 
silllrui.0I19 ",-tu:re lack of experience imJ)3irs the: qllal:i [y of 
Qb~''''iOn.-

7 



Appendix A:  NMFS IHA    A-9 

     

 

 

 

(Il) Crew 1""<1<,,, shall be indi.i el ... l. wi.b """""i .. "", .. 00 ..... "'''' 
elIDing 000 or """" of tile 19% - 2009 seismio or shall"", ha7J>n1I 
monitoring projcct-s in Alasta, lbe Canadian Bc.n.lilfort, or olhi:t' 
offshore: arCll!i in recent yean. .. 

(C) If [I>ere aro Ala<ka No,;"" MMO" tt,c MMO uaiaing .h., .. 
COft<WC100 ,ptior 10 'Ilie li1ar1 .o f the :osur.'t!)' a.c: livlt' l!~ :dIall be 
coll<l,",,"" ",lib bull! AI""," 1\"',h,. MMO, and btolo~i>l 1MO, 
tx;ins. 1rttlru:d ..,t Ute snmt: time in tJ,c smnc room.. lnCJ'C wI] not 
bo ,.~ ... ot. 'nliniDI """."" tor tbe diOe:r.n[ 1I-1MO,. 

(E) ObscrYcl", , I,all W1d"""""d ,be iml""'anco of d assifylng 
Itlill'in.c: In:lJrm tals; as i'lll'lkoom-."" 01 'i.tr'lbttl::!'li11fied'· If t1il!)' c:.a11JK": 
Ideillify dk: (ul1t11bmlo Spee1e:s. wi!b conCMkr::x.:e. LI1llllJ~ ~ 

11u~y slH.L11 nlJte aJlY inftJ[JIJaLion 'hilt m.i&hl iJ.jd ,n Ute: WeIl!I.fL~ i,a[] 
of the mm"" n1ilmmoJ >ighl<d. 

(ii) To [be "",'en.' po.rnblc. MMOs sh.ould bo 00 duty fo .• foor (4) 
cOI:I!KX:Ulh'c. OOtIm or less.. altbough OM))'C than ClIlC f.our-boW" dlift pttr d:llY 
i. """'ptIblo_ MMO. " 'ill no' work """" [han ULICC (lJ ,hi~. in • 24-nour 
perk'" (i."-, 12 1 .... ,'" lotal pCr day). DOni'll """",Ie qporatio"" ,,'h!:. th_ 
i,24 hrs Df d>YI~lbj, f..,. MMO, WIll ho bosod "ha""J ,h ... i, mk .",m:' 
' ..... 1 nod al J...s1 II,,~ MMOls 00 lb •• ~oilorinl: ..... 1 •. 

(iii) MooilooDg is to be: oondlJC1<cl b~ tl>o MMO. d.= ibcd in omdi[loo 
7(.)(i) Ilb"''',onboard tIIe."i,,, """,nie """",1.10 11\) enSUIe that "" 
maft_ftG trUl:mlnais. C:nloCr the- ap;propria.1t' :S3ftf~ roM w llcttC'VeJ til(!; scismlCi 
ao:.'u:sl!e ~llI'Ot:i are (In, imd (B) tu ~ mOlrlll1!; nl!llUlrnal Ill. ... t:vky fu; 

described in [cilldi'lio l) 1{,t1){vi) below, At ki.l3t t WI) tJ~r.'en; rnlU~ l be (In 
Wll,.b d",il\l! rnmp "P' Dod tl>o 30 min.Lo, prim to M I "'tT\P "1'", .r;,;! fm 
.. lars •• fru<tioo of1he o1hcr <>p.: ... tID@ ho,,,, .. possib!c. t all otIi .. 
CiJIlC::I, at kSBt ODC oOscl"'Cf midst be Oil acb''C ",oaten wbcBC\'cr the sc1smic 

8C01Istic SO'UI'QC js opct'aliog dllTillg IJIU dmytimc :airgun op::J~tiolls.. .;!wing 
""y nii1Jutim. 1'0'''''-"1'' o r ~ ai'llU'" and at niglli. ""I>ooo'"r dllYlim<> 
monitoring resu1tcd in OIlC or mort jXlWl'f-OO ...... '1I :s.itualj ODs due to mBfjoc 
mammnl P"""oo, 

(1\ ') i\~ Illl ~im~ the ,"\" mlW be ill! truct:cd to k« p v;.u1d"1 tm mari:nc 
mammal,. If any.", . i@llted, lb. bridge wnl<h-stOlld" lIIu.1 imm«fint.ly 
ootify til. MMO(.) OD-Will<b. If . mari"" mummal is v.itmn or closel}· 
:lfl(lrfJad.illg jl1 de-si8 IU!tall!~cla.u:iL) O (~llrS1y) 1.orue. the- sei.3nlic acollS1ic 
SOlJl'ct:s m!.lSl be immedia'~ ly powt,:n:d d()wn (lr sllu.do'\\"l1 (iI13CCfirdit.TICe: 

v.iLh oondltioo 6(b)(ili)(Al .Ix,,'.). 
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(\I) otJSCf\·3.ILoflS by the MMOs!) n~ri ue 1i11i~Jlfllm;l.l pn::Sli:llct .jimJ i~i'o'i'y 
wiJI beg.in a fntni;oul!J't of:W o\l[tulat pri(lf I:() Ltlt: c:s l im21 I,~ time ~ hi1t the 
SlCismic: !IOUJ"C:IC is 10 be lUI'ftOO Oft .uDlifar raruped-up_ 

(yj MOilitOOfll! sball tClnii:U of f(.'<:Ctrd i1l8~ (A) (iu: ~petiCSI grntIp :o;i7>C't 

.g>eI$I •• l<." caleg(>!I..,. ( If d ... """",,,ble), "'. J!olill)od boJ" .. iw.1 ,o;1ivil>', 
"""dillS (i r co""i'(Cot), be'''lnlI,m<l diJllillJ<O (rom .. i.",i< ,,,, ... 1, .iibting 
(;UC, beh:t,vioml pm;c.. twld .ilppucnl mM:tic][J of.j]l! mnrine mnmmals SCCII. 
I\OiIf lb. ",ilimic " .... 1 [lJJdior it. airgun army (e.", ... 00...,. "'<lidollee, 
approacil. Jl<'IoIlcLing. etc): (B) (be lime. JOCruiOlL bending. ,peed, . J><! 
ocliVilY Df .he: vesscl (shoming or not), ;8L~ \\'lIIi sea ~8IC, v lglbill~)' I 

d.(Mld 0I)vt,)J' fuud :\(1" gll.i.J"e ill (1) any li t ~·t(: ;t ;rnitrir,c 1I1 iun r:n~1 1:S ~~JJ.h'l!d t (II} 
li t Lite: slant ilJild end t,r I.::x:h wa~t.:", fifld (H I) dun.ng it \"'.j3 ICn (wheDC"'~r 
Ij,,,,,, Ii " <ban I!< io 00< ,>! ""'''' """able}; Md, (C) th i<l<ouf"otioo of .11 
vessds ,hilt ~ \·isible ...... ilhkt S km IJ{ tbe sei:5mic \'C5SeIl,J,·lv.:nevcr tJ 

mllli.o mlllllID31 i. $igbl.O<I, ond Ime Ii"", ob.,cr"ed, ""'ring. diSl<IlJC<. 
lte<J~ing. .pood aru;I "",i,it)' of tile utiler .... 01(.), 

("ii) MMO, shall w. ldt for mnriDe mammol, from (ile best n,'. il. blo 
''8Il1age po.im on II", '""'CY ,,,,,,01, Iypi.cally lhe bridge_ MMOs , I .. U ""'" 
"Y""'nalically ",ilt, tho """idod o~" "nd 7 50 ' <tide binoculars, 
loOWI."' ... ·" . d with W < 60 imagc-Sl®;lize<i Z~i$< Bil.oool:ll'S or Fuji"OJl 
l--5 =\ l SO -' li J g·~)· li· butQl:.ulur;:s, tlnd .rn8..~t,."';:5iull eqUlpml:ltl r"('~nerilt itlfl 
3-1 wbon nO<>ded, With tw{) or IJucc ob .. "",,,, <lit " ",cll, tI .. """ uf l>ig 
<) ... ,00UJd be paired willt _,.bing by nokctl<)"" II", lutl=" .Jl""ing 
vi,,,,,l covcmge of """,by 8m" t., do«ol mnrioo mnmmols, 

(viii MMO. mall .u""'p' ID maximi.., 1110 time '1"'llllooking .11110 
" .. "" ",,£I !!"atdio8 (be ",relY ,ndii. They shall .void llLO lOndOJ'CY tD 
~'PCttrJ 1(1) rtliu.::h time e:V3lu3.1lD!!. .fttIb~ill hct.a.\lIQ:t or eol£:JlflS diUa 011 
~rll1S, botb of "'Iti , d"lf3Ct from tll(!i r Ptl"''''y p,~e or l>1tJ!lit "1,,.11 1M 
s;t ety l.(IOt:. 

(i'll f>lMo. hall""" d .. b",,' pQ$llblo pl>SitiCJ'" for ,,,",I!tVi.S « -Jl-, 
f.M14:s id l: ilOfI iJ$ high(m th.c .... '4:~ 1 ;j~ pl~ble), laklnK trill) ;!k:tOm Li Vt'L":ltJ,l:1" 

.Dd .,Ibe. ",,,,king «oiditio ... , . MMO. ,1,. 11 ",""'fully d<M."'IlItIO'" .... i'lbdlily 
tlurir.t !! CtbJe.rv.oiuon pt:!riods: SO UL3ill(tfai egbTiilli!S: oflal.e taft: be cot't'eCl:eal 
It(;.ttntim.,gly. 

(b) Field SQlIJ(!e Vedli<otk,.; UsiJtg. ~)'<Jrop/llTl1C S)'$Ii:m, tho hoJ&ir M ill .. 
AutilorizDti.oo is rcquin::d 1.0 oondwct souOO sooru: \\crificD.ti0ll1~s for 21 11 seis.mi-c 
SUW'Ctl ilI-,d source ,;·cssc.!s not prcvlously measured afld. 8L 0. minimum. repon lhc­
M lowul!I, ",.oh. witllin 5 do)', of<>,mpl.,l.8 lbe lOS" 

(i) S"'I<M1 ,h311 cood." crupiricalln<;i)suremcn1s of1ll0 dis"""",. in tlto 
broadside "'''' "><IIi,,, di",,,,loru at wl>iel, broadbo:iui roe,,;vcd le",,1, ,each 
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1 qo, I ~O. I 70. 160, and 120 dB re l ~ .. Ioos) rOf II", cn<Jgy ,,"un:e """Y 
oombina1io.M 01111 may be !Ised during the su.vey lIctivities... ~ 
CCIlfigur<lti(lcu; :ihillL LfK;h.ld~ <lllcil5l the (\III may o.nd ,hI:; opcI'.atlon of 31 
'[fl!llc sou"'c lbill will be used during po_ do\\1IS.. 

8. ~: The holder of too Au{bori~·:uioD. in COOfk.'filiotl with ot.her oil COtr!lpany 

pttrti.c:ipams, ilIIU5l! OOI'ldllCt a.1I tnon:itiXing d~ctibed in lile: ':-I I\i{lLi"ibt!" lIflif1ffMu/ MrmIlbrirl.,l{ 
liJrd J\{llfgutH:Ni Planfo/' Ih~ Mf}rI~e. Sei!.mlt.' SW'~y.f 4>jSel«:lrJ leti.~~ Arta.J in I,he 
AJallan itlfJuJri Sea jn '1010," Re~ .... .r<:h will iocllM1e eSlahlJ~h l .. etd uf: (i).itn a.--qtlslic 
p~t1I It I m~~ur-e Y.(IiJ.tll!i prodlJi.::led by .he ~I)urte \~~l (required "oQcr condrdolJ 7(b) 
4Jbo~)~ imd Ji) dtp4Q.Y1[1~D~ ()(mmy:s of ~II=O'-'Stil; T~rdJ:l'S to 1Qi;.il ljv: bQl. .. i1md " '.hale 
and other m..1J'ine rn..lmmal "·ocaJi.zo:J,tion and 1.0 f1JJ1.b:::r undcr5tand. define. lind documc:ll[ 
sound cltlUitcteristics and pIopClgatiall rc;rulting from seismic su['\'cys tlt!'t may have the 
polCiliiallo CWJge del1ect.iaos ofbowbcad "tulles from their Inigrarmy pathv.B:Y. 

{a) ~oun.d Sullrce Voerif'tt illNm .and tll,e tJiStanc~ 1.(1 the- "''3:ri(')US 1!)l)plet llnd 
pnwer de~I)· !)~Ir.:a ()f hil!,h freq ut!nl:Y ~tiVI: :lC:{IlI!5 tjt 8OUI"Ce$ ~IX 1.0 he n:portcd 
1,-" NMF'S Wl ll l!IJ .1,-.; (5) days 01 Q.lotDp11:11Jl¥ u~ I1KiI1;I.lT~DKnl$. Jp ~tdltjOIJ '0 
Jcportirlg the rad:jj (Jf spcci fic reglllotory t;OQ(;C1J\. d i""8110:::5 lCJ o1itt;r sound 
jsoplclh' do"'o to 120 dB m1S ormeasurn1>le) will be reported in iru:lcmCl1l' or 10 
dB. 

(b) Seis:tr'lie Vd~L MOJliwrln8 ProruattL A dtaft repOtl \\'1Il be ~bn'I ~LtN' (he 
D~E4)r, OffiCi: ()( P'RJl1!~ed Re~.n~:s, NMFS. ""itbill i}Q d3n .,n~r lbi! ~I}CI ",r 
StiJtoi1':J 2010 open. w.nlcr m~n~ se:i:s-mic .survey pn.~g.TiUn iT!, 1h.,:. Cbukc:m Seu:;, 
,.1>< "'pM will dc.o;ribc io oktoi l; (i) 1Iicope""iOllli ,biI. ""'" <ood...u:d; (i i ) Ib, 
rcsl.l11s of tile ilco\lS1jeal m~rcmclJts: t(l verify the soJi:t)' rKij ~ (iU} tile m~bods. 
r~lJ I1s, ADd in1apre1atioll pcaain.ing io aJl monitoring tasks; (iv) tile l'esuhs or.be 
20 I 0 sbipboan:l 81Kiam3l1 marine Illammal rnolli~ori:ng; (v) a M1mmary ofthc 
dares: and locations of :st: ismic op::rlJtions, incltxlins SLlIltmaneS of power-dowM, 
.ltUJdo,,,,,, .... d ramp-up <lela}'.: (vi) fnurio, loammal . Iahtlo!!' (specl.,.. "umb<:r.I. 
[Jatcs, ~im.es and locations; agc!sizel gtoc:k:r. efl\' iJOnmCDlal.colRlal~ • .Il.Ctivilies., 
MS()c:ialoo seismic survey aC'l.vicie..s)~ {"'ii) c:!itimatcS of [Ix: arnOWll and :n3ilUre of 
I""CfI[ia1 take ("'p.lSUl<) o f ","ri~ ,nan"""I. (by ,poe;",) b)' h""",lllC'.M or in 
otller wa)'s to indus1ry sounds: (viii) an :m.:tlysis of me. effects of seismic 
opero1ioDs (c-.. g: .• on. sigt\tin,;: I'3I.CS. sl.gh •• n:g, dia:taDca; bcliaviors, rnO\oemCfll 
pat1~of marilJe lnarnmab ); (be.).an atl.31)'gLs.of factors. inOt.c.ncing d.ctcctabilil)' 
40f lI13rUl£l (tK8il'lmab: (x) all spati31 d3U on chans (inciOOIos ,'cssel I:ocatiIlD) ~ (xi, 
."" Imm:;uies. 00 c;otrlmml'lc3l1ions, with hunter); .and pulel1.~i:iIl effecu (),rt .s1lh~i ~ueoc.e 

LOSes; on<! (xii) rook. ,1140', Gv.ilobl. in 'lLc rq<![\ or ".c[rooi .. lly r ... 
iru-egra.1ion '\l'i ~b dll1n from olher companies. 

(~) The timj\ ~port wil l be ~'_~CI '0 re..,.je.W -And ~ornmesl l ttl NMFs... Ally 
f«.()mmcndm:iom mnde by NMFS mLiU be mldrcsscd in the fim:lL n:port prior lo 
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IJI;l;CP"'11KC- by NMFS, The: draft. n:port will be: ooa:s:idCKd the: fioBl rcpon for tlt;g 
lIai ... i.), yoder 1bis Au1tlOrizntKx1 if NMFS liz .001 provided i:omI1.1mcs.nod 
n:t;Ommendl).1jo~ 1A'j~b iJl 90 days of rccc:Lpl of dill: drnfl ~port . 

(d) A <Irn.ft oomprdJCI\S'''' rcpot1 d= ibing lilc . ""'JStic nod ,· .. ..,L"o.S<d 
rnooitoriflg progrRD18 ""iJi be pI<lp!lrc:d and soomincd wi1lliB 240 dB) '!! .of [be daIt.'!: 
oftbis Autho:rw.tioo. The ComprcllL'rulve: FC'pOr1 v.'ill &!K>tibe lbe tIMl LllOds., 
I'@St:iLI.~. cooch..l:!IIions and Lbnilalions- of eadi .of the iod1\1ld"l13l da[a SoeU': In d.e'lllll. 
fhe repOtt .... ill also tttiearlie ([t.) tlve ~Eeti l pn~ .. 1ible) lh.e shldoc:~ inlo.:ll brt\i1d 
b;ised ~~1!~~-m91E (If ilil indu$lry .on:li vi tie ilod: L~ir i mp,u:I :o; on ITllmrrJe: rntImm.,ls 
in I he An..1ir;: Ot.:ean dun QI,l. 2Q 10, 

(e) The draa (ompreDe.BSi ' 'C "'port .. ill be rubjccI 10 review and oommoc., 1»' 
NMFS.. tl>c AEW arul the NOI1h Slope Boroll!!Jt ()cprutm<n.1 of Wildlife 
MaoogtCmcn1. The. drafi compr<:bcl)si\lc. r-cpon will be: n.ccc: pted by NMFS &.:!I l he: 

fi l~1 coo\pre l~ns.i\1C tcpoi'L LJpotl iucotpC:r·a.lioo of f:IlOl1t"lt O[):-&l\d 
ret:U.it'lrnentia1lClIl.i.. 

(I) S1a.luil sh,dl a.ccom lllilKtllt=' ~--pet;lf1c ~qiJe~L5 fllr rilw d~ illc l'lldina.lr.J.Clc$ M 
~J I "o.e~~ I :s :;IJiJ/,l ~liIn:r;)A. 'L~ ~I:K:: iaot l.etl ..... hh I~ ''f'II!r;i'ol.km .1I1d lllClh 'i I}' ]ug.s; 
dr.:x;lJmaui ne whell ~OO wb.iJt t)'p¢S of SOUJIds ore introduced into ltle CI1\!i.rurunenl 
br ll>c oPCr:Biioo. 

to. AcLjviri~ related ID lhe- mo[llioring dr9Cribcd in lIkig Amh.oriz:l1ioo do 00( roq1I ir~ 8 
sev;)'r3'l.e scit:nl1fit rest'll'<:h ptrmh i~!i:tl;.---d undet !K:ClOO'f1 1(14 Qf lhe- Marhu~ Mainlil3l 
ProlClCti tJo r'-\~, 

11, The PJIlI! ofCoopernti.oo. ou11ining the step:5-1bm ~iU be: titkeD to t(lop:rate. mid 
oommunic.lue with the ootive ~ommun:i . ics to e.nsUJC: lh.e u.vailobility of marine m8lDlnaJa 
COO' 5lt.-Mi.s.l«1ct: uscs. mlJS.1 ~ imple.mcmtd. 

12_ Thig Aurltorizatioo may 'Ix- modifiod, Mlgpeoded or withdra"l1 if the hDl dl"f w ls to 
abide b)' the condiLions pregcribctt herein or ifl oo authori7.cd lakinG is hR\ling more 1IIan 8i 

negligible impllC1 on (bl! speci(:S. 01' stool; i)f affec ted marltx: mammals. or if tt.ere is an 
uCllnitigabie adVerse m.paa OIl lhe 8YniliibiJity of S\I('~ spedes or BlOCks lOr subs~ence 
listS. 

13. A ropy of Ibis. Amborizstion must be ill the posscssion of cach gei!UJ\j~ vcsscl 
aperalor taking marine mammals tmder the 8lI1boril), of lhis [ooiderua] Harassment 
Auth.ctri:z.a1;o..1. 

II 
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14. StalOil i , "'qUiTCd 10 compl)' willi rile Te .... , ood Cood[tiOil' of ale J "dd." ... 1 Toke 
tatClllCflt cOl'leSflo.xLin8 10 N {p." llioOOsi<lIl Ovi"ion . 

• Ii. L.. , k), 
=r. om .. of 1'1<>1",,1«1 R=.= 

N~1il),na l Morine Pishl:lies SCl"Vice 

12 
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APPENDIX B:  U.S. FISH AND WILDLIFE SERVICE LOA 

 

fA 
V 

U 1'1 i led In tes Depa !'Imerll 0 f lh e f nterior 

FISH ANn WI l.DLI FI> SERVICE 

I r. Manin Coho. 
Sta1oi! USA E&P tn<:. 
210) Ci'YWe5;l Blvd., Sui •• 800 
Ho.. "0, T",,~s 77041 

Mr. CollCll: 

1011 Ii. Tudorllu<ul 
AIlcbora!lC. AI.,,,,, 995&~199 

'l'1,io ""p<l<Id. to )'.'" ])"""rnl>er 18, 2009, "" I".SI for n L"'ter of ""d""'""'tio" (LOA) for lhe 
mddl!1i!OIt 'ilke. ol'PQI .. r ~11i Illld p;u;.tiill; w.nbus in reellrds to tbe. St..,toil USA E&P inc. (SwtoH) 
IO 10 J [) Scis .... ;. Acqui.lI;o. proj<ct io lbe Cl,ukclli Sen. 

Enclosed is. LOA (JO-OJ.-CS} mat will nllow Srmoil,o take small numb"", of polo, beot'S.nd 
Pacific walruses ilK:idCAtal to od and gas indu5.1ty activities at the l ocal:ol~ identified in your 
LOA I~U"l. TIl< prtJpO$I!d ",,,,,bl< r.r lb~ pr<>joel i Ju y IS, 20] 0, with oper"llu", 
'omp ltd by O\·~nlb.:r 30, 20 I O. A II provisions caillaim:d wilhin SUlloin · PoL1r B rillid 

Pooi lic Wnlras Moniloring, Mitigation. aOO R<fIOrtIDg Plan StaloillOIO 3D Seismic Acql1isilion 
Chul..-cni Sea.. N oska'" Dnd ., Polar &o.r Rnd Pac,iflC \Valrus A \"'armes.~i aoo Illtcractioll Plan 
SliIloillOIO 3D Seismic Acqu<sitiOfl CllUkclli Sea. Alaska" are incorporated by "fctet'C< ''''0 
Ibis LOA. If any clIanges ""'velop d .. illg your projtcl, such ns "",i ·j,itS'" 10C.I;01 the Mati"e 
Mammals M ascruetlt om fMMM} lltt!SL be flomi tied pliot LO tile p!&t'uw:d opeta[iol'. This. 
\', ill nil us lO e . 1 !lale tlw: :>Clivity ,"d, ; f "PI"""" .. e, ", ••• d ' he LO . 

Pnci6c "'auU$ .lId polar bear COlIScrvatiOIl bus bCllefiled from mOllilonDg programs associoted 
wilh tllC Incident,,1 Tnlce progrnm. Tlte moniloring rtions of your iRieroction pia", !.,,"e 10 
assCiS the effocL of induscrial activities 0.1 Pacific wsl.ru.;e:s nne! poler h.."'1lI'!l by evalunti"8 tn."'11.ds 
"nd d fectS of efl~lItUfW tines. ~ke fr.cCju.e:ncy I ,*,$ well;) _he loc;;).tion 3:nd Ij mi[1 ()f erU;()~l!lt.¢ , 

J r ("IUt:$lIOIlS Or ¢6l1cems ;,Ifis'=-. U . f'i 'h &. WlldU fc Service ( erv-lcc) btolog.is~ .1re i.llIiJJt.lb l~ for 
""",,"IIn'lOn cluring lb. "",joel ""nod o. til" vilOI,. ",,,Mer. lisled below nnd DOted in }'<>Ul 

inten. lion plan. 

FurthCJ1llo",_ in "ocordnnce wid.. lioo 7 ofOlo End3ngcred Spec .. A t of 1973, so ""'eoded 
(HSA). iss""",e oftbi' LOA _ .... fulfill. the "''<I"ir.m,,,1S I", Tier 2 c"",,"n"'liOil of"'" 
l'ro!lf8ml1lfltic BiQlogirol OI)II1;on fOI tIl. nell,;ti cleSCI\".d h.",in, hi d.e "P~l1IOlio 

Blola!}i""l Opi"iOllibr POlilT n."r.l(Ur 'flJ lIIyrilb.",) On Cb"~.llJ Sea [",ide I Take 
Rtgulationo" (June 2008; Ti". I BO), llIe Scrvioe dClennined that Inc total take onticipotcd IIU 

reSlllI oftbc i .. "",,,,. of dte Reglll. tiollS i. Rollikely to res It ill jtop81dy "' me I'ol~r bear, in 

TAKE PRICE ·"..... ~ 
tNAMERICA~ 
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Mr M~ltl" Coile .. 

accordance wilh section 7 althc ESA. In order for dllC Tiec1 no L() be OO;!I$1SIe:,U .... li.b tiM ')\Q 

jeopnrd)''' ."""I •• ion or the Tic .. l BO or.,d fo, '" ESA l.oId'llllllcak. If,lien".' (rrS) '0 be 
provided:: (I) the proposed $Cri\ldy feUl Sl provide the rl!qulttt.i mr-Qrnplkm, iltS dcsc:ribcd iJI 

~ 18.' I a or tbe Reguls lions., (2) l1", LOA .'njf i"d~ .. "y mi"8"tion 'n ........ :s tI.,t lb. fMM 
be: ie.,."Cs tlpPIOp.I-i~ue far (be $I)!:cafic atti-d ty and kx;;tti(f(l~~IS dl:5cribcd ill § 1 8~ 1 1 8 o[lbc 
Regu.I:lli<ms, :u,d (3) I c MMM Tlllisl d~enmnc tlWi I the incidclllu] take for the specifIC activity 
",ti l be "OIm,t. I " ilb Ibe negligible impact finding for tile IOl.11a!<c .Uo,,·.d tllldcr ,he 
R.!,'Uill.tioo,. 

2 

RcaSOllable and prudc:R'1 InhigatNltt m s'Ute$, *$ 1,\ II ns imtliemem ins terms imd i;OI.JihOOli WCf"C 
incltlded for MMM il ~ tlte: ler I 80 :II~ b:we bee" t'ttorJ>()ntl¢d 11110 I" c LOA proce.ss~ 1 IUnce 

0" t"i' fTS with lloe lOA c(lillpl.,O$ ~A ~",rca,. ... (oroUlborizalion of iocidcruol mke "n lle 
po-):lt bear. COl'l1pliaoce with tM (errllS lJfld condiLions oflhis LOA i.nsures t lile LOA holder 
IS .,tw ill t:OfTlpb ;11l1;1; widl tile ESA. 

An alidiuionaJ rcquircmrutt of lh:is LOA is lOr Stnlt)i I ttl pt'O\'ldc ab!;ervatt():n~1 dfltJI of 1)1)1l'Lr befl.T 

end PtlCific walrus: LhrotlgJi0111ihe: proje!:1 umJ;~ t::omp1t!tc ft.'P\J rt of 0111 ()bs«~tioos tit tbe 
<o,,,,I"$io,, af ,h. I,roj.ct '0 dot<,meru 'II!o:, TIle Jinn' ropen will b. p<o,';dcd 10 lbe MMM 110 
In: .. ,""" !lO doys lOll ... the _'l'leno. of Ibe project The r"",1 rqJOO1 meets tile trncti~ nod 
ICpo<tin; t"«1",n:mcnts ",Llti,,,, to til<: doc~mcntll.t"n or take as "'luorcd by 1he MMPA aod d. 
ESA. 

This au"'omOlion is iss d in """ardon •• w~oh our leg IUliwos lisled .. 7~ FIt 33212, d~,old 
lW1<: tt, 2008. Sbould yot, ha any [""hoI que,tia, .. 'O"''''''' Ctn'$l\',I~'m, (907) 7~I).J810, 
or C"lislOI~"" PUla"." (1)()7) 786-1844, "f "0, M""TII! ~i"mm"l$ M"",!!"",cn' Off",., 
(907) 7S6·~800. 

Rosa M"""I, ]>11,0 . 
M.rillC: {ammo),; MnllUp1cot 

Enclosli.fC. 

'e: Mr~ t , I.e SIOllt). aLlI u: of ()cei,t .E:u:'¥y M~IJI~Pll:lll. RCi\llililOl1.lDd Eflrol'CelJu:nc. 
(BOil) 

fr. Ric "rd Shideler , Alaska Department orFi." und Game (ADF&G) 
F.irb.lnlcs FISh and Wildlife Fklcl Office (FWFO) 
USFWS Officoor Law E"rorcallenl (OLE) 

onb Slope Borougll 0.(>11,1=111 or Law 
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AFESlMMM 

United to tes DepUl'Onellt efOle Interior 

FISH AND WILDLIFE ERVJCE 
lUll E. TuilOi Rood 

Ant:oornD.c, A ku f}~.){IJ-6I99 

(,Ii I'Iln OF A THOR IZA TIO~ 
(10.(JJ-CS) 

ISSUe»; J.ly l~, lOlO 
EXP/nES' Navcmbtol lO, 2010 

Slawil GSA E&P I,..,. (S/;IIoil) i l.e,"",y . ,.hamed.a "keSI1lDtI" mb"" DC ,bc",~.r>d 
Pacific walnlscs (wntrt.t:$le$) utcl<h:.lilul lo :tl(;li\'1lics occumngduring U11oil's 2010 3D ei.s:tulc 
AequtSiliO<l projee, in Ihe Cbukd,i S"" . SIiIloil pillns (0 coodIJC" Me-<ijn",,,,,lall.1 (3D) 
l'n3nnO sei$rt ltc Sun't:y 111 tbe CtJukc:bi Sea oppro:d_m. ely 100 mil€!S nDnb\\'e$t Qf Wflll~\'riatJt 
d~nnll Ihe lOlO or"" w.lers""", ... ing . lowed . i, g • nr",y. Some Iwo-d<mCMaMI (lO) 
liDes dcQ.gtted to (ic the 0 dal3 10 tho sUrfOl.uwiing n!3-loll''l1 gtology ill"\: fl $CCOndc1')' prionty roc 
Ihe _010 seismic' ncq~lisitiOit. (jCt)J~ysi fl' (hlta 41CqlIi.$ILioo ilcth.·j Iks \vill be OOOlK'led by 
Pugro·GeotentU, (,' . (F'IQ:l'O). 1:dlJll'sscismil; cOlltrnctor. Thre¢ \'esstLs. a sei$lllk vc el t100 
1\\1<) St''' I>O,1 v.ssels, w, lI mabiltz.oUI afOul .b H ,ilar, Ala;lca, to the l>toje<l ,)feal" mod·j uly 
2() J o. i&e~l)(fifl8 " POll ice and wmlbCf. It is IInticipil1cd Ih:u {1':lftSJ[ Lime lQ projtet I)r-CII ~'iJI 
IJo.; approll!;i lI1iudy th'c dll)"li. U n arnving al me: ptojiX:1 DI'C3 souttti ~.rce venrKUUO.l'l 
Ifl~lrc::mCl1I1i will be colletted 10 dl"lennine l';!di. for 1)lal'ine I'nlliRlnud nlQ1litonD.e.. D.tII.tI 
acquisition &S expected to take 60 days. RCCltClin81S oltIllClpQ.Iet.iI() 111kc place at Nome-•• bougb it 
is ssible LltiU fuel ft·guP9ly oou]d oceur III s~ .rnece~(;;I:TY. HcJicoptcr opcrlllions are not 
pluDlled as. pillt or tl)f $ei=-l'I'Ijc llrvey, alCbOl,l¥b jl is pO$$lblc tbat individuals could be 
1r:ut!)JoftA:!d l() nod from vc:ssc:Js V"" hehcopter. In gC'llcrnl, tLelicopcer operatio1\$ 3r'O expeeli!d to 
OIXW ol,ly jn 4i.JC f;illiC of an emergency. Upon completion of dUlll Dc"oQU' iliC);!, ~II \less!: SWill 
d<mobiliZIC la Du~ b Harbor. 

111i.; LOA is valid ffOOl lh. dole o(ls'.""<O 10 l'Io"embcr 30_ 2010. This .u1I!oril!:ltion nnd Ibe 
roquimj Wlditioos below "pply ' I) "II 'plo)' ... , 'aetroelors Dod pc""",,.1 pcrfomlingSl.8lait 
"1'P,,,,·.d wo,t .der Ihe scope of oper"lIon. la be <allducled. This U.S. Flsb .& Wildlill! 
~ervice ($er'\ltce) HUlborization stiputalcs (be following condi(ions:! 

St;atoil op 'rations managers, or ebcir de!ign:tl.cs~ must be fully awal"e, 1Il1dQ'SlllI1d and be 
COPD.btc of implemC'nting L1LC OOrldtLlOM Qflhls authorization. 

2. I luerl'iO;t:~J b.l"C otpolDr bc:nrs. Dod woJruscs is prWtibitod UOOc.f lbii !Ulth01f1.Dtlnn. 

TAKE PRIDE'&:. ~ 
INAMERICA~< 
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3. The S.uroil's - Pols. B .. .l1 and rodE •. WaLnts Mallitoli"!;, MitigllIiOll, aRd Rcponil1.g p"," 
!:lloil 20 I 0 30 Sol""ic A.qul.ilio" Chuk i Sen, Alaska,. dm.d Deccmber 2009 and 

"'r l:Jr Belt1 antl1J.aL.·dil: \V:tlUI$ A\,"'8re:net.1I and (n.I~filCh()n "btl Itllojl :2010 lO Seismic 
A"'I'.isititm Cb"k.bi S.." II 1s~1I," d .. 1:<l De,"'''""r 2009 .'" tpprOv«! limo .11 pfl)v •• iQ.1.$ 

m~ be tomplicd wilh 1IIli ... :speciJicolly noled ol~'.wis. Us llIi' 1.s:;\er of A\.t~ori",,'ion , 

4. A copy of Illi. leu"" of AUfI>o,iutiQ. and tb. opp",,,,,d mlCI1lctioR ODd ovoidonco pla1l$ 
listed nbo'l<' OlU", be posted and a,'oil.hle (or all penon",:! an<! i. tile possession or tbe 
anenll(l~ ()f a 11 vC::;!;e:I$ :u'ld ;1 il'cra Il e:ns,.'l.ging in Lhe activities "I~ved. under (be: 
3utbonlY of lis Is 1..,.., •. or !\ulhori2l>lion, 

Tbi:<"uthorizatio iJ; valid ooly for Ilwsc ""t",ti .. nllCl 10000tioos identified illihe !1lq1'e:l1 
for 0 Let_or of AmhOfizoti"" datl:<l o.comber J 8,2009, for Ih. Chtlkoili Se. o"d 
described in IbeS"'toil'Pilm ofOpcroti"". 2010 3D Seismic Acqlltsi.ion Cbukchi Sea, 
Alnska." 

(j, J'oliJr beat ;-II~d \Va I n!~ .hl)" Iton IliS, !'t:J)()l't.n;,g" a.nd Suf\'ey acti \I ilil!S I1\US( bt (:QI.auc1ed in 
aoeorUilno. wilh 50 CfR So<tiOCl 18,I 1S •• d ",,'81 <M.,ly will. U,. follow;". 
mooitorillg. mitigation. and n:poni g requirements; 

n. SInton mu .. coopcr:ue wid,.be fisb and Wildli fe Sc,vi<:e(Scrvioe), ODd otllCr 
de.i£J\,,1:<l Fed"""l, Slab!, Oc' t ...... 1 age.,ei"" 10 monirortbe inlJllIC1s of oil 2Jld gas 
el:111(W1lI I(ln :'JiClh'flli!S C)tl pOI;lt ~ors altd wal(~ 

b. If.ny a!l"S """"I"" in lb. projecl ", .. ing U,. p",iOd ~ppr<>ved un~<rthi$ LOA, 
swb US activities. Iocuti-oo or 111.etl1ods. noti Iy till: M~noc MIID)llQls. Mana e,.me:'ll 
Office priM to IIIC imp 1el1ICIlIaUOI. of suob challgOS. 

c. A "'()Ilj OO1ICli!:IUltOtiOllS Qf ,£,t<H.lpS afwalrusc:1 and individl! Is or group;. o f' l)olaT 
!:>t:;In.llat;l!Xl Qu.I [I,) lan!.l or iL'1:! by all ve!li~13 Urlldl.!% tbe l"t'Iailll.gelllBI'Il OfSUllOil. 
O(>Cl11tors of \-"essels ould. ;It ~I I tlD1c;;., 'Qnd:uct th~if acli"jljes ~l lhe m.'!xlm I ~I 
dis .. "« pcosiblc from known .. obsc,,,.d ccocenh'alior.. ofwal,,,,,,. or polv 
!>em. Uilder 00 circumstwlCC:s, ocltcr IhM ~B ancrg.cnc;y, should ,,"'essels opc~le 

wilhll.1!OO mcK"s (~ mile) of walruses or polar bears ooservcd on !Dod or ice, 

d. Take every pt'L""CB.\lti.oo bl ovoid ~noroocbmcn( upon or barassmcOl of walruses or 
PQlar bCat$ itl \VCll~r' wlwlI II ei.."lel i~ " pel'3100 ncftr dlC5C :lJ1 itll:!l:I. MaiolnlJl nil 
I!OO ",eter (IS mile) " 'sb",<", wben ~-.otlk:lbll!. Vessels muSt rOduce ."eed . Dd 
.lCer around walruses or polDr bears obscm:d in waler .. 'b able to do So, 
VcsSlels l ~la.y not be ol>crated in such a way 8S lO separate n.cmbers of a group of 
wftlnJ5e:s Or po bent'S Gom ()(be members ofrhe group. Vesseols will 3'f'Ojd 
Inuit ipte charts: in direc(i(J(1 altA speed wl!Je1l waJruses: OJ pol I bc.ot'S afe p«Sle.nL 
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'C. Power ·dow-n protcdures will be ioitia.h:d if ~my WWnUiC!:i ar~ ooserved 0 tee! in 
,be walrus ctiSlllJbeooe zooe of>1= J 80 dB 10 limit im]l<>CllO walruses in Ihe waler 
I13S0t:iBltd with liIe \\,D}r\l9C5 01) lhe ice. 

r, Relri~ .... s Qr atnelmg ,.va!I\IS Or pQ '·Ir ~r n'l v(!menIS) by 'l{Iy nlC2SJ$, In sea, 01' 
111011 or 00 io=, i;s prolubitcd. SePPnJ1lo distmx:cs ,,"ill bC-CDfon;cd \ I ~til animals 
bil\'e left the urea of tlteiI own \'ol.itioo. 

!l- Sialoil mllst design",e n qUDliti<d individual or i.divid",], :IS Man"" M.onm 
Obst.("'.\CtS (MMO) to obset'\.·C', otd. end. ttpOll {be cffi!Cli of pl"'O.,ect Mlivilic 
OD IlOla! bear tlnd walruses to fbi! Servi:::~ wirbln 14 hGtIr'S or vi~uat OI)S'eMI iol', 

b. for en.:!, WIIlros 0' pol:rr bl:ar $]gl~,".&, ~n M MO or desl8ll"Ied '" W Illembur wi II 
n:oorclnt le .. t ,be following; 

L a Ilniqut sigh1ing ~l1!tirtc il1iOJt Uu.mber; 
iL ob~t"\lf:l' 1~'lU!: and OQrttru:i1 itlftll1unLiol'l (p~OIU::, I!tn:lll~ ~lC,) 
iii~ till'e, Io<:;111 (with laltblde, '()!n~blde, find <lftlmllJ, he:llj~II!t~ $pe«k at:livll'Y 

il{1d id~l1li.y Qfl" e ob5erv.o1li(.1tl v~sdj. 
IV :1-Cll01) ti1ken by vt:SSe! (Ipcr.Jlor In n:sp<msC' IQ siehtillg (d::scmbe); 
y' fortlU other vessel viSlbh: within 5 kl of lh.e ObSCl'\' lion "'discl, ,vtJCJ1 poIu;, 

b.urs or walru ... are sigillocl. =ord t1w. id"'tificUlioo. bearing. dis!o ceo 
Ilending. speed nod activity oflile olil .. v<ssel(s); 

vi. S,lcci.ei (polar bear at" wtllu1S); 
vi L grourp silO< ('Jl'l"'>Iclrn,". nu,.be< r)(lncjividu.lsr, 

v1i L as.c/sizr;l~~ l;i.~.t:lJ,.Odes If tklCI11 Iflitbk); 
""IIlI""", or ""Ii vii)' of lIJ1ilmLs riglllocl (dcscl1be , 
reactioll of aoimol(s) 10.lIY ,,, .. el(s)(describe): 

xi. sullstrnle (wOlcr. ice~Ild>'or land). 
~jj. heading (if detr:m1i""blel, bcanllg ond dis!ance Ilnm VIlSS.J or .nimal(s); 
,iii. .igilling 0'''' wbal caught MMO .. tl.nlioo); 
.xi\'~ cnvi r()2"ln)Cl~ta l cOI~di.iQlIS i fl"lclll4l~g: 

• wbthe:r 
• :tIt' l.e,npel'8rute 
• , 'tsibllity. provide: I) <!i,,,,,,,,,,. ( lOll, In; or IlIn). 2) tiglllidarkilwiligbl aod 

3) g1"", (nooe, li~tI., mader.ue, ", ..... ); 
• WHEeI'dr:ptll (meters. feel or fatooms), 
• sea sta1c (Bcotlfoct scale), 
• ~tl!:(;Of!ditloo. provkJI:; 1) eutnltll.:(1 % H;I; <:OVl;r il11/"ic;rnly Ortii~Ull 

(] 0% inc;rcm\.'IIts • 2) e3timiltcd (hSl;,.l1.~ 10 pil.ck kc (Ion. mi or 11m); 
~"' , esljm,atcd t'Wlgc (m. Stm. mi or nm) ,,1 n.r~ s.tgbting, estim.1tcd range (rn, };m. 

ml. or non) .. closest , pprouc!t: 
xvi, MMO com.ma'lts 01' noces 

7, Any rnc;ic!en'ill le1bill tale or lnj11iYOrU poli.1I btilrs <w walnlses mlJSt be RlI)Q.TICd to ltIe 
Ser..,.·jc;e j rncdl+ncly, 
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14. This: A.lithonullOll ls '(+ltid rw the: period il!dkatcd Dn this 3ulbDriZ.'l1ioflJ U)~.eS!i: eu-er'Hbl 
at [Otlnlt~ated II'J wd'ln by Ille U.S. f'isb and WildLi[c Se.r\' icc~ Mnril'te Mflro111;)IS 
Mfl1ias.~llell l omcc. 

JUI. J 5 2010 
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APPENDIX C:  DESCRIPTION OF VESSELS AND EQUIPMENT 
 

Vessels 

M/V Geo Celtic 
 

Vessel Operator Length 
m (ft) 

Beam 
m (ft) 

Draft 
m (ft) 

M/V Geo Celtic Fugro-Geoteam AS 100.8 (330.7) 28 (91.8) 7.5 (24.6) 

 

 
 
Statoil’s seismic source vessel, the M/V Geo Celtic, was built specifically for seismic surveys in 

2007.  The Geo Celtic is owned by Fugro, and its current port of registry is Bergen, Norway.  The overall 
length of the Geo Celtic is 100.8 m (330.7 ft) and its gross tonnage is 12109 metric tons with a draft of 
7.5 m (24.6 ft).  The total fuel capacity of the Geo Celtic is 1825 m3 with a fuel consumption rate of 
approximately 40 tons per day.  The Geo Celtic has a helicopter deck rated for Sikorsky S61 helicopters.  
The Geo Celtic is equipped with fresh water making capabilities, a sewage treatment plant, and an 
incinerator. 

Airgun Description and Safety Radii 

Airgun Description  
The seismic source used by Statoil and Fugro consisted of a pair of 3000 in3 three-string arrays of 

Sodera G-type airguns towed approximately 394 m (431 yd) behind the Geo Celtic for its seismic survey 
operations.  The arrays were fired alternately on consecutive shots.  Each array was comprised of three 
Sodera G-type airgun sub-arrays with a total volume of 3,000 in3, and were operated at an air pressure of 
2000 psi.  Individual airguns in the sub-arrays ranged in volume from 60 to 250 in3 and included four 60-
in3, eight 70-in3, six 100-in3, four 150-in3, and four 250-in3 airguns in two-gun clusters.  A 60-in3 airgun 
was used as a mitigation source during power downs when marine mammals were observed within or 
about to enter the applicable full array safety radius and during turns.  Each string was 15 m (16 yd) in 
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length, and was 10 m (11 yd) from the adjacent string(s).  The airgun arrays were towed at a depth of 6 m 
(19.7 ft) and spacing between arrays was 50 m (55 yd).   

The system also included 12 hydrophone streamers with hydrophones distributed over a length of 
4,050 m (4,429 yd) and spaced 100 m apart, that recorded reflected sound energy (Fig. C-1).  Air 
compressors aboard the Geo Celtic were the source of high pressure air used to operate the airgun arrays.  
Seismic pulses were emitted at intervals of 25 m (27 yd); average time between shots was 10 sec while 
the Geo Celtic traveled at a speed of 4 to 5 kt (7.4–9.3 km/h, 4.6).  In general, the Geo Celtic towed this 
system along a predetermined survey track, although adjustments were occasionally made during the field 
season to avoid obstacles or during repairs to the equipment.   

In general, the signature produced by an array composed of multiple sub-arrays has the same shape 
as that produced by a single sub-array while the overall acoustic output of the array is determined by the 
number of sub-arrays employed.  When more than one sub-array is used, as here, the arrays are lined up 
parallel to each other with 10 m (11 yd) cross-line separation between them.  This separation was chosen 
to minimize the dimensions of the array in order to approximate point source radiation characteristics for 
frequencies in the nominal seismic processing band.   

 
 

Figure C-1.  Towing configuration example for the Geo Celtic used during Statoil’s 
seismic survey in the Chukchi Sea, Alaska.  
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Each sub-array was composed of six tuning elements comprised of 2-gun clusters and 1-2 sets of 
inactive guns (Figure C-2). The clusters had their component guns arranged in a fixed side-by-side 
fashion with the distance between the gun ports set to maximize the bubble suppression effects of 
clustered guns 

 

 
Figure C-2.  Layout of the 26-airgun array, comprised of 3 sub-arrays with a total volume of 3000 in3. 
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M/V Tanux I 
 

Vessel Operator Length 
m (ft) 

Beam 
m (ft) 

Draft 
m (ft) 

M/V Tanux I Tanager Offshore 
AS 53.8 (176.5) 13.8 (45.3) 3.6 (11.8) 

 

 
 

The M/V Tanux I was the Geo Celtic’s primary supply vessel and also served as monitoring vessel 
during the 2010 seismic survey.  The Tanux I was built in 2006.  The current port of registry is Majuro, 
Marshall Islands.  The overall length of the Tanux I is 53.8 m (176.5 ft) and the gross tonnage is 1161 
metric tons.  The Tanux I is powered by two Caterpillar D-399 diesel engines and is equipped with a 
waste oil and sludge incinerator. 
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MV Norseman I 
 

Vessel Operator Length 
m (ft) 

Beam 
m (ft) 

Draft 
m (ft) 

R/V Norseman I Norseman Maritime 
Charters 32.9 (108) 8.5 (28) 4.0 (13) 

 
 

 
 

The Norseman I underwent a redesign in 2005 to research and expedition vessel.  The vessel 
measures 32.9 m (118 ft) in length, 8.5 m (28 ft) wide and a draft of 4.0 m (13 ft).  The main engine is a 
Caterpillar diesel operating at 850 hp.  The gross tonnage is 197 tons.  Fuel capacity is 40,000 gallons and 
cruising speed is 10.0 kt.  The Norseman I operated as the primary ≥160 dB (rms) monitoring vessel for 
the Geo Celtic, and was involved in the deployment and retrieval of acoustic equipment.  Detailed 
specifications can be found at: http://norsemanmaritme.com/Specs%20NI.pdf. 

 

http://norsemanmaritme.com/Specs%20NI.pdf
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APPENDIX D:  SOUND SOURCE VERIFICATION CALIBRATION 

TABLES 

 

Part 1: Tables and Figures Referenced from Chapter 3 

Table D.1 to Table D.5 present calibration results with the system gain values used in data analysis 

for all four OBH locations.  There are two tables regarding OBH A2 because the gain value used during 

analysis was the average of three results: OBH A1’s pre-deployment value and OBH A2’s pre- and post-

deployment calibrations performed in the field.  For OBH A1, OBH B, and OBH C only the pre-

deployment value is presented because no averaging was done.  A post-deployment calibration was not 

performed on OBH A1, and could not be performed on OBH B and OBH C since they had stopped 

recording before being recovered. 

 

 

TABLE D.1.  Calibration measurement used in data analysis for OBH A1. 
Cor_lev:          0.08 dB 

Atmospheric Pressure:    1023.00 mbars (=hPa) 

Bandwidth:        50.0 Hz 

CHANNEL #1  CHANNEL #2  

Calibrator:  GRAS 42AC Calibrator:  GRAS 42AC 

Frequency:       250.0 Hz Frequency:       250.0 Hz 

Sensor:  RESON 4032 Sensor:  RESON 4043 

Cal_lev:       156.0 dB re 1 uPa Cal_lev:       165.5 dB re 1 uPa 

Cal_start:       615.0 s Cal_start:       715.0 s 

Cal_len:        30.0 s Cal_len:        30.0 s 

Sysgain:     -179.7 dB re 1 FS/uPa Sysgain:     -214.2 dB re 1 FS/uPa 
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TABLE D.2.   Calibration measurement (pre-deployment) used in data analysis for OBH A2. 
Cor_lev:          0.09 dB 

Atmospheric Pressure:    1024.00 mbars (=hPa) 

Bandwidth:        50.0 Hz 

CHANNEL #1  CHANNEL #2  

Calibrator:  GRAS 42AC Calibrator:  GRAS 42AC 

Frequency:       250.0 Hz Frequency:       250.0 Hz 

Sensor:  RESON 4032 Sensor:  RESON 4043 

Cal_lev: 156.0 dB re 1 uPa Cal_lev: 165.5 dB re 1 uPa 

Cal_start:       150.0 s Cal_start:       250.0 s 

Cal_len:      30.0 s Cal_len: 30.0 s 

Sysgain:     -179.7 dB re 1 FS/uPa Sysgain:     -214.1 dB re 1 FS/uPa 

 
 
 
TABLE D.3.  Calibration measurement (post-deployment) used in data analysis for OBH A2. 

Cor_lev:          0.09 dB 

Atmospheric Pressure:    1024.00 mbars (=hPa) 

Bandwidth:        50.0 Hz 

CHANNEL #1  CHANNEL #2  

Calibrator:  GRAS 42AC Calibrator:  GRAS 42AC 

Frequency:       250.0 Hz Frequency:       250.0 Hz 

Sensor:  RESON 4032 Sensor:  RESON 4043 

Cal_lev: 156.0 dB re 1 uPa Cal_lev: 165.5 dB re 1 uPa 

Cal_start:       3520.0 s Cal_start:       3600.0 s 

Cal_len:      30.0 s Cal_len: 30.0 s 

Sysgain:     -179.5 dB re 1 FS/uPa Sysgain:     -213.6 dB re 1 FS/uPa 
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TABLE D.4.  Calibration measurement used in data analysis for OBH B. 
Cor_lev:          0.07 dB 

Atmospheric Pressure:    1022.00 mbars (=hPa) 

Bandwidth:        50.0 Hz 

CHANNEL #1  CHANNEL #2  

Calibrator:  GRAS 42AC Calibrator:  GRAS 42AC 

Frequency:       250.0 Hz Frequency:       250.0 Hz 

Sensor:  RESON 4032 Sensor:  RESON 4043 

Cal_lev: 156.0 dB re 1 uPa Cal_lev: 165.5 dB re 1 uPa 

Cal_start:       520.0 s Cal_start:       610.0 s 

Cal_len:      30.0 s Cal_len: 30.0 s 

Sysgain:     -180.1 dB re 1 FS/uPa Sysgain:     -213.3 dB re 1 FS/uPa 

 
 
TABLE D.5.   Calibration measurement used in data analysis for OBH C. 

Cor_lev:          0.07 dB 

Atmospheric Pressure:    1021.00 mbars (=hPa) 

Bandwidth:        50.0 Hz 

CHANNEL #1  CHANNEL #2  

Calibrator:  GRAS 42AC Calibrator:  GRAS 42AC 

Frequency:       250.0 Hz Frequency:       250.0 Hz 

Sensor:  RESON 4032 Sensor:  RESON 4043 

Cal_lev:  156.0 dB re 1 uPa Cal_lev:  165.5 dB re 1 uPa 

Cal_start:       580.0 s Cal_start:       720.0 s 

Cal_len:        30.0 s Cal_len:  30.0 s 

Sysgain:     -183.7 dB re 1 FS/uPa Sysgain:     -214.2 dB re 1 FS/uPa 
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Part 2: English Units Tables and Figures from this Appendix and Chapter 3 

 

TABLE D.3.4E.  Threshold radii at the SSV site as determined from 90th percentile fit to SPLrms90 
versus distance data in Fig. 3.5. 

SPLrms90 Threshold 
(dB re 1 µPa) 

Endfire Broadside 

Best-Fit Line 
Radius 

90th Percentile 
Radius 

Best-Fit Line 
Radius 

90th Percentile 
Radius 

190 980 ft 1,200 ft 1,400 ft 1,700 ft 
180 3,300 ft 4,300 ft 4,600 ft 5,200 ft 
170 11,000 ft 13,000 ft 13,000 ft 16,000 ft 
160 28,000 ft 33,000 ft 36,000 ft 43,000 ft 
150 59,000 ft 62,000 ft 89,000 ft 98,000 ft 
140 98,000 ft 100,000 ft 170,000 ft 190,000 ft 
130 140,000 ft 150,000 ft 280,000 ft 300,000 ft 

120 190,000 ft 200,000 ft 400,000 ft 430,000 ft 

 

TABLE D.3.5E.  Threshold radii for the mitigation airgun at the 
SSV site as determined from 90th percentile fit to SPLrms90 
versus distance data in Fig. 3.12. 

SPLrms90 Threshold 
(dB re 1 µPa) 

Best-Fit Line 
Radius 

90th Percentile 
Radius 

190 36 ft 43 ft 
180 190 ft 220 ft 
170 950 ft 1,100 ft 
160 4,300 ft 4,900 ft 
150 14,000 ft 15,000 ft 
140 32,000 ft 33,000 ft 
130 56,000 ft 59,000 ft 
120 82,000 ft 85,000 ft 

 

TABLE D.3.7E.  Perpendicular distances off seismic survey line 1601 to auditory 
injury criterion thresholds proposed by Southall et al. (2007) for cumulative m-
weighted sound exposure level (SEL). 
Functional Hearing Group Auditory Injury Criterion 

(dBMW re 1 µPa2s) 
Distance to Auditory 
Injury Threshold (ft) 

Low-frequency cetaceans 198 950 
Mid-frequency cetaceans 198 < 290* 
High-frequency cetaceans 198 < 290* 
Pinnipeds 186 16,000 

* SEL auditory injury criterion not reached at closest recorder (OBH A1). 

 

TABLE D.3.8E.  Comparison of measurements with pre-season estimated marine 
mammal safety radii for Geo Celtic’s 3000 in

3 airgun arrays. 

SPLrms90 Threshold 
(dB re 1 µPa) 

Safety Radii 

Ratio (%) Pre-season Estimated Measured 

190 2,300 ft 1,400 ft 61 

180 8,200 ft 5,200 ft 64 

160 43,000 ft 52,000 ft 123 

120 230,000 - 390,000 ft 430,000 ft <108 
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TABLE D.3.9E.  Comparison of measurements with pre-season estimated marine 
mammal safety radii for Geo Celtic’s 60 in

3 mitigation airgun. 

SPLrms90 Threshold 
(dB re 1 µPa) 

Safety Radii 

Ratio (%) Pre-season Estimated Measured 

190 250 ft 43 ft 17 

180 720 ft 220 ft 31 

160 5,900 ft 4,900 ft 83 

120 160,000 ft 85,000 ft 52 

 

TABLE D.3.10E.  Measured marine mammal safety radii for 
Geo Celtic’s 3000 in

3 airgun arrays and 60 in3 mitigation 
airgun. 

SPLrms90 Threshold 
(dB re 1 µPa) 

Airgun Arrays 
(3000 in3) 

Mitigation Airgun 
(60 in3) 

190 1,700 ft 43 ft 
180 5,200 ft 220 ft 
170 16,000 ft 1,100 ft 

160 43,000 ft 4,900 ft 
150 98,000 ft 15,000 ft 

140 190,000 ft 33,000 ft 

130 300,000 ft 59,000 ft 

120 430,000 ft 85,000 ft 
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APPENDIX E:  DETAILS OF MONITORING, MITIGATION, AND 
ANALYSIS METHODS 

This appendix provides details on the standard visual monitoring methods and data analysis 
techniques implemented for this project.  Five marine mammal observers (MMOs) were aboard the 
seismic source vessel, M/V Geo Celtic, throughout the cruise.  Three MMOs were biologists experienced 
in marine mammal identification and observation methods and the other two MMOs were Inupiat with 
various levels of experience identifying arctic marine mammals.  In addition to the MMOs onboard the 
Geo Celtic, Statoil placed 4 MMOs on each of the monitoring vessels (R/V Norseman I and M/V Tanux 
I).  MMOs generally worked 2–4 hr shifts for up to 12 hrs per day during a 6-week shift before being 
replaced by other MMOs. 

 All MMOs participated in extensive safety training and a 5–10 day observer training course 
(depending on previous MMO experience) designed to familiarize them with the operational and data 
recording procedures, reporting protocols, and permit stipulations.  The permit stipulations and 
requirements were also explained to the Operations Manager and Head Airgun Operator(s) aboard the 
Geo Celtic during a meeting prior to seismic operations.  MMO duties included: 

 recording environmental and sighting conditions; 
 searching for and identifying marine mammals, and recording their numbers, distances from the 

vessel, and behavior; 
 recording possible reactions of marine mammals to the seismic operations; and 
 initiating mitigation measures when appropriate. 

Visual Monitoring for Marine Mammals  
MMOs monitored marine mammals from the Geo Celtic during all daytime seismic operations, and 

during any nighttime power ups of the airgun(s), as specified in the permits.  MMOs onboard the 
monitoring vessels also monitored marine mammals during much of the time that seismic operations were 
occurring.  Seismic operations were suspended or amended when marine mammals were observed within, 
or about to enter, designated safety radii described in the permits. In general, observations for marine 
mammals were conducted using the following guidelines:  

 Observations during daylight hours were conducted in good and poor visibility whenever the airgun(s) 
were operating, and by two observers when possible, unless precluded by safety considerations. 

 MMOs observed during transit periods without airgun operations, at the discretion of the lead 
MMO, to obtain baseline data on marine mammal distribution and (in the case of less experienced 
observers) to become more familiar with observation protocols. 

 Two MMOs observed for 30 min prior to the planned start of seismic operations after an extended 
shut down and the entirety of the ≥180 re 1 μPa-m dB (rms) radius was required to be visible for 
those 30 min. 

 When the airgun array was powered up at night, at least one MMO watched for marine mammals, 
using night vision devices, for 30 min prior to start up.  (Note that there was 24-hour daylight 
until late August.) 

 MMOs also recorded locations and movements of vessels when on watch; information regarding 
vessels as well as marine mammals was recorded in a database. 

MMO(s) systematically scanned the area around the vessel in a sweeping pattern, usually 
alternating scan sweeps between reticle binoculars (e.g., Fujinon 7 × 50) and the unaided eye during the 
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daytime.  Observations were focused forward and to the sides of the vessel in an arc of ~210º, but MMOs 
also regularly checked for the presence of marine mammals astern of the vessel.  Night vision devices 
were used aboard seismic source vessels during non-daylight hours using a similar sweep search pattern. 

The duration of a single visual shift was no longer than 4 hr to minimize observer fatigue.  Use of 
two observers simultaneously was desirable and was scheduled when possible to increase detection of 
marine mammals near the source vessel.  In addition to the dedicated MMOs, bridge personnel were 
responsible for detecting marine mammals and implementing mitigation requirements when MMOs were 
not present on the bridge. 

While on watch, MMOs kept systematic written records of the vessel’s position, activity, and 
environmental conditions using codes that were entered either onto a datasheet and later transcribed onto 
database, or entered directly into a database using a notebook-style computer.  Vessel and environmental 
data were recorded onto the datasheet every 30 min or whenever conditions changed significantly.  
Additional data were recorded when marine mammals were observed.  For all records, the date and time, 
vessel position (longitude and latitude), and environmental conditions were recorded.  The database was 
constructed to prevent entry of out-of-range values and codes.  Data entries were checked manually by 
comparing listings of the computerized data with the original handwritten datasheets, both in the field and 
upon later analyses.   

The following information was recorded for each marine mammal sighting: date, time, species, 
total number of individuals, number of juveniles, bearing relative to vessel’s heading, direction of 
movement relative to the vessel, distance from the vessel, behavior when sighted, whether animal was in 
the water or hauled out on ice or land, behavioral pace, reaction to the vessel, vessel position, water depth, 
observer initials, species identification reliability, and the time that mitigation measures were requested (if 
necessary).  On the seismic vessel, distance to marine mammals was measured from the MMO’s location 
on the bridge rather than from the nominal center of the seismic source.  The distance of the animal from 
the airgun array was calculated using a GIS during data error checking and processing at the end of the 
season.  However, for sightings near or within the safety radius in effect at the time, the distance from the 
marine mammal to the nearest airgun was estimated and recorded for the purposes of implementing 
power downs or shut downs.  The bearing from the vessel to individual or groups of marine mammals 
was estimated using positions on a clock face, with the bow of the vessel considered to be 12 o’clock and 
the stern 6 o’clock. 

Operational activities that were recorded by MMOs onboard seismic vessels included the number 
of airguns in use, total volume of the airguns, and the type of vessel/seismic activity.  Intra-ship 
communication between seismic technicians and MMOs was conducted via radio or telephone and used 
to alert MMOs of any changes in operations, and to request power or shut downs by MMOs.  The position 
of the vessel was logged every 60 sec by GPS and these data were integrated with the marine mammal 
database to check for data recording errors.  Details regarding the seismic activities (start and stop times, 
number of guns firing, etc.) was collected from the airgun operators log and also used to error check 
MMO data.   

Marine Mammal Mitigation During Operations 
The following mitigation measures were adopted for marine mammal sightings during the 

proposed seismic program: ramp ups, power ups, shut downs, power downs, and course alterations.    
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Ramp Up 
A ramp up is a process commonly used by seismic vessels with large airgun arrays that involves a 

gradual increase in the number of airguns firing from none or one airgun until the full array is active.  In this 
report, a ramp up from no airguns firing is simply called a ramp up.  However, when a ramp up was initiated 
while the single (mitigation) airgun had been firing it is referred to as a power up.  The reason for the 
different terms, as described further below, is that a ramp up cannot be initiated during times when the full 
safety radii are not visible to MMOs for 30 minutes while a power up can be initiated during times when the 
full safety radius is not visible because the mitigation gun has been firing. 
Daylight Procedure 

During daylight hours, a ramp up or power up was required when the full airgun array had not been 
operating for a period of >10 min.  A 30 min watch period performed by at least two MMOs was required 
prior to a ramp up.  The entire ≥180 dB (rms) safety radius for the full array must be visible for the entire 
30-min pre-ramp up observation period before the ramp up could commence.  However, if the mitigation 
airgun had been operating during the break in full array activity, then a power up could be initiated at any 
time provided two MMOs were on active watch during the power up.  If the airguns had been shut down 
or powered down because of the presence of a marine mammal within or near the applicable safety radius, 
a ramp up or power up could not begin until that safety radius was clear of marine mammals.  Following a 
marine mammal sighting, the safety radius was considered clear when the marine mammal was observed 
outside of the safety radius, or if the marine mammal(s) were not seen in the safety radii again for 15 min 
(for small odontocetes and pinnipeds) or 30 min ( for mysticetes, large odontocetes and Pacific walruses).  
If a marine mammal was observed within the applicable safety radius during the 30-min pre-ramp up 
observation period, the airgun operator was informed and the ramp up was postponed. 

Ramp ups of the airgun array began with firing a single airgun.  The number of airguns firing was 
then increased at a rate no greater than an increase of ~6 dB (rms) per 5-min period.  During a power up 
the same procedure was applied by increasing the number of operating guns from the single mitigation 
airgun to the full array.  During a ramp up or power up, the safety radius for the full airgun array was 
maintained even though fewer airguns were operating.   

MMOs informed the airgun operators when ramp up could proceed.  If a marine mammal was 
observed within its applicable safety radius during the 30-min observation period, or during the ramp up, 
the bridge and airgun operators were informed, as usual, of any necessary mitigation measures (i.e. power 
down or shutdown).   
Darkness Procedures 

During hours of darkness, ramp up could commence only if the entire ≥180 dB (rms) safety radius 
for the full array was visible to MMOs for 30 min using either the unaided eye or night-vision devices 
(unlikely with very large safety radii).  However, similar to daylight periods with poor visibility 
conditions, a power up could commence at night even if the full array ≥180 dB (rms) radius was not 
visible. 
Power Down 

A power down is a reduction in the number of operating airguns (usually from all airguns firing to 
a single mitigation airgun firing).  If marine mammals were detected outside the applicable safety radius 
of the full airgun array but were likely to enter the safety radius (i.e., if the mammals were moving 
towards the vessel or if the vessel was moving in the direction of the mammals), and if the vessel's course 
or speed could not be changed to avoid having the mammals enter the safety radius, the airgun array was 
powered down to the single mitigation airgun before the mammals were within the full array safety 
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radius.  Likewise, if a mammal was first observed already within the full array safety radius, the airguns 
were immediately powered down.  The mitigation airgun continued firing at a source level of at least 180 
dB (rms) during the interruption of full array seismic operations.  A shut down (see below) was 
implemented only if a marine mammal was detected within or about to enter the smaller safety radius 
around the mitigation airgun.  Full airgun activity did not resume (via a power up) until the marine 
mammal had cleared the safety radius of the full array.   
Shut Down 

A shut down is the cessation of all airgun activity, including the single mitigation airgun.  If a cetacean 
or pinniped was detected within or about to enter the applicable safety radius of the mitigation gun, the airgun 
was shut down.  After a shut down, the animal must have cleared the safety radius before start up 
procedures could begin.  If the mitigation airgun was shut down for >10 min, then at least 30 min of 
observation by two MMOs was necessary prior to ramp up.  MMOs informed the bridge when ramp up of 
the airgun(s) could proceed.     
Course Alteration 

If a marine mammal was detected outside the applicable safety radius and, based on its position and 
direction of travel, was likely to enter the safety radius, one possible mitigation measure was to adjust the ship 
track and/or speed to avoid close approach to the mammal.   However, while the streamer(s) and airgun(s) are 
being towed behind the vessel, the turning rate of the vessel is very limited, and course alteration is generally 
not a practical mitigation method for a seismic vessel.  Instead, the marine mammal’s activities and 
movements relative to the seismic vessel were closely monitored.  If the mammal appeared likely to enter the 
safety radius, further mitigation actions were taken, i.e., power or shut down of the airgun(s).  Monitoring 
vessels reduced speed and altered their course, if practicable, to avoid Pacific walruses in water as per the 
2010 LOA.  The Geo Celtic, however, was already operating at minimum speed and had reduced 
maneuverability due to the seismic gear it was towing, therefore only seismic mitigation (i.e. power 
downs, shut downs) was implemented.   

Analyses  

Marine Mammal Monitoring 
This section describes the analyses of the marine mammal sightings and survey effort recorded 

during this project.  It also describes the methods used to calculate densities and estimate the number of 
marine mammals potentially exposed to airgun sounds associated with Statoil’s seismic survey.   

The sightings and effort data were grouped into three categories, or bins, to assess potential effects 
of seismic sounds on marine mammals.  These categories were designed to distinguish potential 
differences in distribution, abundance, and behavior of marine mammals at multiple levels of seismic 
survey influence.  In previous reports, observer data were categorized as “seismic”, “non-seismic”, or 
“post-seismic” based on the time and location where data were collected relative to seismic activity.  
However, the relatively broad criteria used to define these categories did not fully account for difference 
in the sounds produced by different airgun arrays or the number of guns firing during a given period (i.e. 
full array activity vs. mitigation airgun activity).  Also, the method did not allow data collected from 
monitoring or support vessels to be considered along the gradient of received sound levels that actually 
exists around a seismic source while it is operating.  For those reasons, the results from sound source 
measurements were used to categorize sightings and observer effort within 10 dB (rms) sound level bins 
from >190 through <120 dB (rms).   
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Data collected aboard the source vessel (Geo Celtic) were categorized according to the status of 
airgun activity at the time.  Three categories were defined as follows: (1) full array activity (all 26 airguns 
were active, also includes all ramp up periods), (2) mitigation airgun activity (only the single 60 in3 
airgun was active), and (3) non-seismic periods (no airguns were firing).  In order to keep sample sizes 
large enough for comparisons among received sound level bins, data collected on monitoring vessels were 
also grouped into 3 bins: (1) ≥160 dB (rms), (2) 159–120 dB (rms), and (3) <120 dB (rms).  The ≥160 dB 
(rms) bin was roughly equivalent to the seismic category in previous reports and the full array periods 
defined for the source vessel data, while the <120 dB (rms) bin was roughly equivalent to the non-seismic 
category.  The <120 dB (rms) bin included data collected while seismic activity was ongoing, but at 
distances where sounds were estimated to be <120 dB (rms), as well as all data collected when seismic 
activity was not occurring.  The 159–120 dB (rms) bin represented data collected in locations where 
reactions to seismic (both distributional and behavior) may vary among species.   

Data meeting the traditional post-seismic period definition (3 min to 1 h for pinnipeds and polar 
bears after cessation of seismic activity or 3 min to 2 h for cetaceans) were not included in the <120 dB 
(rms) bin since the distribution and behavior of animals during this time may still have been altered due to 
the recent seismic activity.  The rate of recovery toward “normal” during the post-seismic period is 
uncertain.  Marine mammal responses to seismic sound likely diminish with time after the cessation of 
seismic activity.  The end of the post-seismic period was defined as a time long enough after cessation of 
airgun activity to ensure that any carry-over effects of exposure to sounds from the airguns would have 
waned to zero or near-zero.  The reasoning behind these categories was explained in MacLean and Koski 
(2005) and Smultea et al. (2005). 

As summarized in Chapter 4, marine mammal density was one of the variables examined to assess 
differences in the distribution of marine mammals relative to the seismic vessel between seismic and non-
seismic periods.  Densities were calculated using line-transect procedures for vessel-based surveys (Buckland 
et al. 2001).  To allow for animals missed during observations, we corrected our visual observations using 
correction factors calculated with these procedures.   
Corrections for Sightability 

As is standard for line-transect estimation procedures, corrections for the following two parameters 
were included in the calculation of densities: 

• g(0), a measure of detection bias.  This factor allows for the fact that less than 100% of the 
animals present along a transect line are detected.  

• f(0), the reduced probability of detecting an animal with increasing distance from a transect 
line. 

Where species-specific values did not exist, values for similar species were used, and when it was not 
possible to calculate correction factors using the data collected during this study, values from previous 
studies were substituted.   

 The g(0) values for cetaceans and pinnipeds were taken from previous studies.  The g(0) value for 
cetaceans (0.902) was taken from Forney and Barlow (1998).  This g(0) value is based on estimates for 
humpback, fin, and blue whales that were calculated using data collected off the coast of California.  In 
the absence of better data, these estimates were applied to bowhead, gray and unidentified whales in this 
study.  The estimate for minke whales (0.84) comes from Table 4 in Barlow and Gerrodette (1996).  The 
best available g(0) value for pinnipeds (0.6) was taken from Bengtson et al. (2005) based on a study that 
involved the use of satellite-linked time-depth recorders to study the haulout patterns of ringed seals.  In 
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the absence of better data specific to each species, this correction factor was applied to all pinniped 
species.  In the case of sightings with group size ≥16, g(0) was assumed to be 1.0.   

The f(0) factors used in the analysis were calculated from observations made during this study 
when sample size allowed (Table E.1).  Only non-seismic period sightings that met the analysis criteria 
described in Chapter 4 were used for the calculations.  These sightings were imported into Distance 5.0 
where the f(0) values were calculated separately for each species or species group.  The default analysis 
method was conventional distance sampling with a half-normal model and cosine expansion with no 
stratification.  For sightings with group size ≥16, a f(0) value of 1.0 was used because probability of 
detection increases with increasing group size, and there were not enough samples with large group sizes 
to allow for calculation of a separate detection function. 

 
Table E.1.  f(0) values used to correct survey data collected during Statoil’s seismic survey. 

n f (0) Lower Upper n f (0) Lower Upper

Cetaceans  41d 1.707 1.163 2.506  52d 2.042 1.680 2.481
Cryptic cetaceansc - 0.369 - - - 0.369 - -
Ringed, Spotted and 
Unidentified Seals  28d 8.410 6.424 11.011 54d 12.584 8.697 18.207

Bearded Seals  28d 8.410 6.424 11.011 54d 12.584 8.697 18.207
Unidentified pinniped  190d 1.717 1.542 1.912 36d 3.550 2.953 4.268
Pacific walrus  190d 1.717 1.542 1.912 36d 3.550 2.953 4.268

c Cryptic cetaceans include minke and beluga w hales.  f (0) value comes from Barlow  and Gerrodette (1996).
d Value w as calculated using samples pooled from multiple categories.  Samples from short and tall vessels w ere never pooled.

Tall vesselsa Short vesselsb

95% CI 95% CI

a Tall vessel: Geo Celtic .
b Short vessels: Tanux I and Norseman I .

 
Number of Individuals Exposed 

Estimates of the number of individual marine mammals potentially exposed to sound levels ≥160 dB 
(rms; and other received sound levels) were calculated by multiplying the area of water ensonified to that level 
by the density of marine mammals estimated by line-transect methods.  The area of water ensonified was 
calculated using MapInfo Geographic Information System (GIS) software to create a buffer that extended 
around the vessel’s trackline to the measured received sound level distances.  The area of water covered by the 
buffer was calculated two different ways: 1) “Including Overlap Area” is the area of water ensonified to the 
given received sound level where areas exposed on more than one occasion (as a result of crossing tracklines 
or tracklines that were close enough for the received sound level distances to overlap) were counted repeatedly 
each time they were exposed; and 2) “Excluding Overlap Area” was the area of water that was exposed to a 
given received sound level where areas exposed on more than one occasion were counted only once.   
Number of Exposures per Individual 

The estimated number of potential exposures per individual is the ratio of the two area calculations 
described above and represents the average number of times a given area of water was exposed to a given 
received sound level.   
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APPENDIX F: BEAUFORT WIND FORCE DEFINITIONS 
 

Knots m/s

<1 <0.5 0 Calm 0 Glassy like a mirror

1-3 0.5-1.5 1 Light air <0.1 Ripples with the appearance of scales but no 
whitecaps or foam crests

4-6 2.1-3.1 2 Light breeze 0-0.1 Small wavelets, crests have a glassy 
appearance but do not break (no whitecaps)

7-10 3.6-5.1 3 Gentle breeze 0.1-0.5 Smooth large wavelets, crests begin to break, 
occasional/scattered whitecaps

11-16 5.7-8.2 4 Moderate breeze 0.5-1.2 Slight; small fairly frequent whitecaps

17-21 8.7-10.8 5 Fresh breeze 1.2-2.4 Moderate waves becoming longer, some spray, 
frequent moderate whitecaps

22-27 11.3-13.9 6 Strong breeze 2.4-4 Rough, larger waves, longer-formed waves, 
many large whitecaps

28-33 14.4-17.0 7 Near gale 4-6 Very rough, large waves forming, white foam 
crests everywhere, spray is present

34-40 17.5-20.6 8 Gale
41-47 21.1-24.2 9 Strong gale
48-55 24.7-28.3 10 Storm 6-9 High

56-63 28.8-32.4 11 Violent storm 11-14 Very high

Wind Speed Beaufort Wind 
Force

Wave 
Height (m)

World 
Meteorological 

Organization Terms Description
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APPENDIX G:  MARINE MAMMAL STATUS AND ABUNDANCE IN THE 

CHUKCHI SEA 

 

TABLE G-1.  The habitat, abundance and conservation status of marine mammals potentially inhabiting 
the project areas.   

Species Habitat Abundance  ESA1 IUCN2 CITES3 
Odontocetes 

Beluga whale 

(Delphinapterus leucas) 

Offshore, 
Coastal, Ice edges 

50,0004 

39,2575 Not listed NT II 

Narwhal 
(Monodon monoceros) Offshore, Ice edge Rare6 Not listed NT II 

Killer whale 
(Orcinus orca) Widely distributed  Not listed DD II 

Harbor Porpoise 
(Phocoena phocoena) 

Coastal, inland 
waters, shallow 
offshore waters 

Common 
(Chukchi)  Not listed LC II 

Mysticetes 
Bowhead whale 
(Balaena mysticetus) 

Pack ice & 
coastal 10,5457 Endangered LC I 

Gray whale 
(Eschrichtius robustus) 
(eastern Pacific population) 

Coastal, lagoons 4888 

17,5009 Not listed LC I 

Minke whale 
(Balaenoptera acutorostrata) Shelf, coastal Small  

numbers Not listed LC I 

Fin whale 
(Balaenoptera physalus) 

Slope, mostly 
pelagic 

Rare 
 (Chukchi) Endangered EN I 

Humpback whale 
(Megaptera novaeangliae) Shelf, coastal Rare Endangered LC I 

Pinnipeds 
Bearded seal 
(Erignathus barbatus) 

Pack ice 
300,000-
450,00010 

486311 

In review for 
listing LC I 

Spotted seal 
(Phoca largha) Pack ice Unknown12 In review for 

listing DD I 

Ringed seal 
(Pusa hispida) 

Landfast & 
pack ice 

Up to 3.6 
million 13 

~208,000-
252,00014 

In review for 
listing LC I 

Ribbon seal 
(Histriophoca fasciata) Offshore, pack ice 90-100,00015 In review for 

listing DD I 

 
1 U.S. Endangered Species Act. 
2 IUCN Red List of Threatened Species (2010; www.iucnredlist.org).  Codes for IUCN classifications: EN = Endangered; NT = Near 
Threatened; DD = Data Deficient; LC  = Least Concern   
3 Convention on International Trade in Endangered Species of Wild Fauna and Flora (UNEP-WCMC 2004). 
4 Total Western Alaska population, including Beaufort Sea animals that occur there during migration and in winter (Small and 

DeMaster 1995). 
5 Beaufort Sea population (IWC 2000). 
6 Population in Baffin Bay and the Canadian arctic archipelago is ~60,000 (DFO 2004); very few enter the Beaufort Sea. 
7 Abundance of bowheads surveyed near Barrow, as of 2001 (George et al.  2004); revised to 10,545 by Zeh and Punt (2005). 
8 Southern Chukchi Sea and northern Bering Sea (Clark and Moore 2002). 
9  North Pacific gray whale population (Rugh 2003 in Keller and Gerber 2004) ; see also Rugh et al. (2005). 

10 Alaska population (USDI/MMS 1996). 
11 Eastern Chukchi Sea population (NMML, unpublished data). 

http://www.iucnredlist.org
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12 Alaska Stock unknown (Rugh et al. 1995 in Allen and Anglis 2009). 
13 Alaska estimate (Frost et al. 1988 in Angliss and Outlaw 2008). 
14 Bering/Chukchi Sea population (Bengston et al. 2005). 
15 Burns, J.J.  1981a.   
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APPENDIX H:  MARINE MAMMAL MONITORING RESULTS 

Part 1: English Units Tables and Figures from Chapter 5 
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FIGURE H.5.1E.  MMO observation effort (mi) by daylight and darkness periods, during Statoil’s 

seismic survey from the Geo Celtic and its monitoring vessels, 11 Aug – 4 October 2010.  Total MMO 
observation effort is displayed in bold above each bar. 
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FIGURE H.5.2E.  MMO observation effort (mi) by Beaufort wind force from the Geo Celtic and its 
monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 October 2010.   
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FIGURE H.5.3E.  MMO observation effort (mi) by number of MMOs, during Statoil’s seismic survey from 
the Geo Celtic and its monitoring vessels, 11 Aug – 4 October 2010. 
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FIGURE H.5.4E.  MMO observation effort (mi) for the Geo Celtic by seismic status during Statoil’s 

seismic survey, 11 Aug – 4 October 2010.  The full airgun array operated at 3000 in3 and the 
mitigation airgun operated at 60 in3. 
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FIGURE H.5.5E.  MMO observation effort (mi) from the monitoring vessels by received sound level 
during Statoil’s seismic survey, 11 Aug – 4 October 2010. 
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FIGURE H.5.6E.  Cetacean sighting rates during Beaufort wind force conditions 0 through 5 during 
Statoil’s seismic survey, 11 Aug – 4 October 2010.   
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FIGURE H.5.7E.  Cetacean sighting rates by number of MMOs on watch from all vessels during 
Statoil’s seismic survey, 11 Aug – 4 October 2010.   
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FIGURE H.5.8E.  Cetacean sighting rates from the Geo Celtic by airgun activity level (seismic status) 
and from the monitoring vessels by received sound level during Statoil’s seismic survey, 11 Aug – 4 
October 2010.  Seismic status labels (full array, mitigation airgun, and non-seismic) describe the 
sighting rate categories from the Geo Celtic, while received sound level labels (≥160 dB, 159-120 dB, 
and <120 dB) describe the sighting rate categories from the monitoring vessels. 
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FIGURE H.5.9E.  Seal sightings by Beaufort wind force during Statoil’s seismic survey from the Geo 

Celtic and its monitoring vessels, 11 Aug – 4 October 2010.  Italics indicate a marginal level of effort 
was available for calculating the sighting rate. 
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FIGURE H.5.10E.  Seal sighting rates by number of MMOs from three vessels during Statoil’s seismic 

survey, 11 Aug – 4 October 2010.   
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FIGURE H.5.11E.  Seal sighting rates from the Geo Celtic by airgun activity level (seismic status) and 
from the monitoring vessels by received sound level during Statoil’s seismic survey, 11 Aug – 4 
October 2010.  Seismic status labels (full array, mitigation airgun, and non-seismic) describe the 
sighting rate categories from the Geo Celtic, while received sound level labels (≥160 dB, 159-120 dB, 
and <120 dB) describe the sighting rate categories from the monitoring vessels. 
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FIGURE H.5.13E.  Pacific walrus sighting rates by Beaufort wind force from the Geo Celtic and its 
monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 October 2010. 
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FIGURE H.5.14E.  Pacific walrus sighting rates by number of MMOs from all three vessels during 
Statoil’s seismic survey, 11 Aug – 4 October 2010.   
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Figure 5.15E.  Pacific walrus sighting rates from the Geo Celtic by airgun activity level (seismic 
status) and from the monitoring vessels by received sound level during Statoil’s seismic survey, 11 
Aug – 4 October 2010.  Seismic status labels (full array, mitigation airgun, and non-seismic) describe 
the sighting rate categories from the Geo Celtic, while received sound level labels (≥160 dB, 159-120 
dB, and <120 dB) describe the sighting rate categories from the monitoring vessels. 
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TABLE H.5.4E.  Comparison of mean cetacean CPA distances by seismic status from the Geo Celtic 
and received sound level from the monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 
October 2010.  The overall mean includes CPA distances from all three seismic activity or RSL bins.  

Vessel and Seismic Status 
or Received Sound Level 

(dB re 1 µPa rms) Mean CPAa (yd) s.d. Range (yd) n

Geo Celtic  Full Array 4091 1573 2026-5436 5
Geo Celtic  Mitigation Airgun  --  --  -- 0
Geo Celtic  Non-Seismic 1075 393 642-1408 3

Geo Celtic Overall 2960 1973 642-5436 8

Monitoring Vessels ≥160 326  --  -- 1
Monitoring Vessels 159-120 956 677 109-2198 8
Monitoring Vessels <120 748 690  11-1952 7

Monitoring Vessel Overall 826 658  11-2198 16

a CPA=Closest Point of Approach.  For Geo Celtic this value is the marine mammal's closest point of 
approach to the airgun array, for monitoring vessels this value is the marine mammal's closest point of 
approach to the MMO position on the vessel.  

 
 

TABLE H.5.8E.  Comparison of seal CPA distances from MMO sightings by seismic status from the Geo 
Celtic and received sound levels from monitoring vessels during Statoil’s seismic survey, 11 Aug – 4 
October 2010.  The overall mean includes CPA distances for all three seismic activity or RSL bins in the 
calculation. 

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms) Mean CPAa (yd) s.d. Range (yd) n

Geo Celtic  Full Array 1070 610 470-4021 93

Geo Celtic  Mitigation Airgun 2381 679 1649-3666 13

Geo Celtic  Non-Seismic 1114 337 693-1765 13

Geo Celtic Overall 1217 719 470-4021 119

Monitoring Vessels ?160 212 213 22-749 19

Monitoring Vessels 159-120 202 174 11-766 85

Monitoring Vessels <120 246 241 11-1172 62

Monitoring Vessel Overall 220 206 11-1172 166

a CPA=Closest Point of Approach.  For Geo Celtic this value is the marine mammal's closest point of approach 
to the airgun array, for monitoring vessels this value is the marine mammal's closest point of approach to the 
MMO position on the vessel.  
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TABLE H.5.12E.  Comparison of Pacific walrus CPA distances from MMO sightings by seismic status 
from the Geo Celtic and received sound levels from monitoring vessels during Statoil’s seismic 
survey, 11 Aug – 4 October 2010.  The overall mean includes CPA distances from all three seismic 
activity or RSL bins. 

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms) Mean CPAa (yd) s.d. Range (yd) n

Geo Celtic  Full Array 1219 626 252-3623 76

Geo Celtic  Mitigation Airgun 2288 518 1649-3623 36

Geo Celtic  Non-Seismic 1506 507 709-2084 6

Geo Celtic Overall 1561 762 252-3623 118

Monitoring Vessels ≥160 395 172 55-547 9

Monitoring Vessels 159-120 392 303 11-1331 88

Monitoring Vessels <120 402 215 109-1094 36

Monitoring Vessel Overall 395 273 11-1331 133

a CPA=Closest Point of Approach.  For Geo Celtic this value is the marine mammal's closest point of approach 
to the airgun array, for monitoring vessels this value is the marine mammal's closest point of approach to the 
MMO position on the vessel  

 
 

TABLE H.5.16E.  The single power down for a gray whale observed from the Geo Celtic during Statoil’s 

seismic survey, 11 Aug – 4 October 2010. 

Sighting ID Species
No.

Indiv. Date
Initial 

Behaviora

Reaction 
to 

Vesselb

Distance to 
Airguns at 

First 
Detection (yd)

CPAc to 
Airguns 

(yd)

GEO201072 Gray whale 1 25-Aug BL NO 3666 2807

c CPA = Closest Point of Approacth to the airgun array.

aInitial Behavior Code: BL = Blow
b Reaction Codes: No = No Reaction
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TABLE H.5.17E.  The nine power down events for seals observed from the Geo Celtic during Statoil’s 
seismic survey, 11 Aug – 4 October 2010. 

Sighting ID Species
No.

Indiv. Date
Initial 

Behaviora

Reaction 
to 

Vesselb

Distance to 
Airguns at 

First 
Detection (yd)

CPAc to 
Airguns 

(yd)

GEO201066 Ringed seal 1 23-Aug SW LO 668 668
GEO201069 Ringed seal 1 25-Aug SW IS 1013 1013
GEO201078 Ringed seal 1 25-Aug SW IS 548 548
GEO201082 Unidentified seal 1 25-Aug SW LO 548 548
GEO201089 Unidentified seal 1 28-Aug SW NO 857 857
GEO2010176 Ringed seal 1 29-Aug SW IS 709 709
GEO2010237 Bearded seal 1 31-Aug SW NO 558 558
GEO2010308 Bearded seal 1 12-Sep DI NO 534 497
GEO2010319 Bearded seal 1 17-Sep SW LO 470 470

c CPA = Closest Point of Approacth to the airgun array.

aInitial Behavior Code: BL = Blow ; DI = Dive; LO = Look; SW = Sw im
b Reaction Codes: CD = Change in Direction;  IS = Increase in Speed; LO = Look at Vessel; No = No Reaction
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TABLE H.5.18E.  The 29 power down events for Pacific walruses observed from the Geo Celtic during 
Statoil’s seismic survey, 11 Aug – 4 October 2010.   

Sighting ID Species
No.

Indiv. Date
Initial 

Behaviora

Reaction 
to 

Vesselb

Distance to 
Airguns at 

First 
Detection (yd)

CPAc to 
Airguns 

(yd)

GEO201065 Pacific walrus 4 22-Aug SW LO 2561 2561
GEO201079 Pacific walrus 1 25-Aug SW LO 974 974
GEO201085 Pacific walrus 1 26-Aug SW NO 902 902
GEO201087 Pacific walrus 1 26-Aug SW LO 593 593
GEO201092 Pacific walrus 1 28-Aug SW NO 2328 2328
GEO201099 Pacific walrus 2 28-Aug SW NO 2014 2014
GEO2010119 Pacific walrus 3 29-Aug SW NO 594 594
GEO2010121 Pacific walrus 1 29-Aug SW CD 1013 1013
GEO2010123 Pacific walrus 2 29-Aug SW NO 989 989
GEO2010175 Pacific walrus 2 29-Aug SW NO 1868 1868
GEO2010179 Pacific walrus 5 30-Aug SW NO 2382 2382
GEO2010194 Pacific walrus 1 30-Aug SW LO 817 817
GEO2010223 Pacific walrus 3 30-Aug SW LO 2807 2807
GEO2010243 Pacific walrus 1 31-Aug SW NO 745 745
GEO2010246 Pacific walrus 2 1-Sep LO NO 3718 1542
GEO2010251 Pacific walrus 2 6-Sep LO LO 1222 1222
GEO2010252 Pacific walrus 1 6-Sep SW LO 659 659
GEO2010267 Pacific walrus 1 8-Sep SW LO 2066 2066
GEO2010270 Pacific walrus 2 9-Sep SW LO 544 544
GEO2010278 Pacific walrus 5 9-Sep SW LO 962 962
GEO2010285 Pacific walrus 2 9-Sep SW CD 763 763
GEO2010298 Pacific walrus 1 10-Sep LO LO 902 902
GEO2010299 Pacific walrus 1 10-Sep SW CD 1542 1542
GEO2010301 Pacific walrus 5 10-Sep SW NO 1327 1327
GEO2010305 Pacific walrus 2 11-Sep SW NO 593 593
GEO2010307 Pacific walrus 1 11-Sep SW LO 633 633
GEO2010311 Pacific walrus 2 14-Sep LO LO 1219 817
GEO2010315 Pacific walrus 3 16-Sep DI LO 717 717
GEO2010339 Pacific walrus 1 30-Sep LO NO 1868 1868

c CPA = Closest Point of Approacth to the airgun array.

aInitial Behavior Code: BL = Blow ; DI = Dive; LO = Look; SW = Sw im
b Reaction Codes: CD = Change in Direction;  IS = Increase in Speed; LO = Look at Vessel; No = No Reaction
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TABLE H.5.19E.  The three shut down events for Pacific walruses observed from the Geo Celtic during 
Statoil’s seismic survey, 11 Aug – 4 October 2010. 

Sighting ID Species

No. 
Individ

uals Date
Initial 

Behaviora

Reaction 
to 

Vesselb

Distance to 
Airguns at 

First 
Detection (m)

CPAc to 
Airguns 

(m)

*GEO2010999 Pacific walrus 1 21-Aug DE  --  --  -- 
GEO201080 Pacific walrus 3 25-Aug SW LO 2807 252
GEO2010101 Pacific walrus 1 28-Aug SW NO 808 808

c CPA = Closest Point of Approacth to the airgun array.
*Sighting w as a carcass.

aInitial Behavior Code: DE = Dead; SW = Sw im
b Reaction Codes: LO = Look at Vessel; No = No Reaction

 
 
 
TABLE H.5.22E.  Densities of marine mammals in offshore areas of the Alaskan Chukchi Sea during the 
Statoil 2010 seismic survey by seismic state, 11 Aug – 4 October 2010.  Densities are corrected for f(0) 
and g(0) biases.  Seismic is equal to RSL ≥160 dB rms and non-seismic is equal to RSL <120 dB rms. 

Species Density CIs Density CIs
Cetaceans

Bowhead whale 0.000 (0.142-7.912) 1.059  -
Gray whale 0.818 (0.280-8.982) 1.588 (0.150-4.494)
Minke whale 0.000 (0.168-2.453) 0.640  -
Unidentified mysticete whale 3.424 (0.850-10.026) 2.916 (1.106-10.601)
Unidentified whale 0.000 (0.062-4.115) 0.505  -

 Total Cetacean Density 4.242 (1.557-11.559) 6.710 (2.787-16.154)

Seals
Ringed Seal 58.896 (27.420-126.498) 20.083 (5.071-79.541)
Spotted seal 0.000  - 8.604 (1.792-41.282)
Bearded Seal 205.034 (111.087-378.434) 106.138 (43.740-257.543)
Unidentified Seal 244.179 (108.438-549.842) 146.301 (42.507-503.540)
Unidentified Pinniped 15.328 (6.573-35.731) 8.456 (3.261-21.929)

 Total Seal Density 523.434 (327.724-836.022) 289.576 (136.321-615.125)

Pacific walrus 190.500 (74.338-488.176) 143.147 (45.566-449.718)

(<120 dB rms)(≥160 dB rms)

No. individuals / 1000 mi2

Seismic Non-seismic
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TABLE H.5.23E.  Estimated areas (mi2) ensonified to various sound levels during the Statoil 2010 
seismic survey, 11 Aug – 4 October 2010.   

Area (mi2) 120 160 170 180 190
Including Overlap Area 3,472,015 85,381 25,005 7,198 2,228
Excluding Overlap Area 41,889 4,165 2,369 1,559 1,246

Level of ensonification in dB re1μPa (rms)    
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Part 2:  Data that met the Analysis Criteria used in Chapter 5 

 Data presented below met the analysis criteria and was used to calculate sighting rates 

and closest points of approach (CPAs).   The analysis criteria are described in detail in Chapter 4 

of this report.   

 

Beaufort Wind Force 

TABLE H.2.1.  Cetacean effort (km) by Beaufort wind force and seismic activity status 
from the Geo Celtic or received sound level from the monitoring vessels that met the 
analysis criteria during Statoil’s seismic survey, 11 Aug – 4 October 2010. 

0 1 2 3 4 5 Total

Geo Celtic  Full Array 2 44 310 507 271 310 1443

Geo Celtic  Mitigation Airgun 4 64 130 234 119 173 724

Geo Celtic  Non-Seismic 0 13 116 245 160 137 672

Geo Celtic Overall 6 121 556 986 550 619 2839

Monitoring Vessels ≥160 7 235 512 400 204 54 1412

Monitoring Vessels 159-120 20 427 1360 1035 615 524 3980

Monitoring Vessels <120 7 471 1168 1390 1175 654 4864

Monitoring Vessel Overall 33 1133 3040 2825 1994 1232 10256

Beaufort Wind ForceVessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

 
 
 
TABLE H.2.2.  Pinniped effort (km) by Beaufort wind force and seismic activity status from 
the Geo Celtic or received sound level from the monitoring vessels that met the analysis 
criteria during Statoil’s seismic survey, 11 Aug – 4 October 2010. 

0 1 2 3 4 5 Total

Geo Celtic  Full Array 3 96 420 618 354 404 1894

Geo Celtic  Mitigation Airgun 5 154 238 312 136 212 1056

Geo Celtic  Non-Seismic 0 19 244 347 244 189 1044

Geo Celtic Overall 7 269 902 1276 734 805 3993

Monitoring Vessels ≥160 7 214 409 345 188 48 1210

Monitoring Vessels 159-120 20 400 1579 1268 669 578 4514

Monitoring Vessels <120 27 560 1296 1487 1231 669 5270

Monitoring Vessel Overall 54 1174 3283 3100 2088 1295 10994

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Beaufort Wind Force
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TABLE H.2.3.  Cetacean sightings by Beaufort wind force and seismic activity status from 
the Geo Celtic or received sound level from the monitoring vessels that met the analysis 
criteria during Statoil’s seismic survey, 11 Aug – 4 October 2010. 

0 1 2 3 4 5 Total

Geo Celtic  Full Array 0 0 0 5 0 0 5

Geo Celtic  Mitigation Airgun 0 0 0 0 0 0 0

Geo Celtic  Non-Seismic 0 0 2 0 1 0 3

Geo Celtic Overall 0 0 2 5 1 0 8

Monitoring Vessels ≥160 0 0 1 0 0 0 1

Monitoring Vessels 159-120 0 2 6 0 0 0 8

Monitoring Vessels <120 0 2 4 0 1 0 7

Monitoring Vessel Overall 0 4 11 0 1 0 16

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Beaufort Wind Force

 
 

 
TABLE H.2.4.  Seal sightings by Beaufort wind force and seismic activity status from the 
Geo Celtic or received sound level from the monitoring vessels that met the analysis 
criteria during Statoil’s seismic survey, 11 Aug – 4 October 2010. 

0 1 2 3 4 5 Total

Geo Celtic  Full Array 3 13 23 8 2 4 53

Geo Celtic  Mitigation Airgun 5 26 15 5 1 1 53

Geo Celtic  Non-Seismic 0 0 10 3 0 0 13

Geo Celtic Overall 8 39 48 16 3 5 119

Monitoring Vessels ≥160 1 6 6 4 2 0 19

Monitoring Vessels 159-120 0 43 19 12 5 6 85

Monitoring Vessels <120 4 21 16 12 7 2 62

Monitoring Vessel Overall 5 70 41 28 14 8 166

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Beaufort Wind Force
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TABLE H.2.5.  Pacific walrus sightings by Beaufort wind force and seismic activity status 
from the Geo Celtic or received sound level from the monitoring vessels that met the 
analysis criteria during Statoil’s seismic survey, 11 Aug – 4 October 2010. 

0 1 2 3 4 5 Total

Geo Celtic  Full Array 1 4 14 6 3 0 28

Geo Celtic  Mitigation Airgun 0 23 38 22 1 0 84

Geo Celtic  Non-Seismic 0 0 1 2 3 0 6

Geo Celtic Overall 1 27 53 30 7 0 118

Monitoring Vessels ≥160 3 3 3 0 0 0 9

Monitoring Vessels 159-120 2 25 40 19 0 2 88

Monitoring Vessels <120 1 13 19 2 1 0 36

Monitoring Vessel Overall 6 41 62 21 1 2 133

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Beaufort Wind Force

 
 

 

Number of MMOs 

 
TABLE H.2.6.  Cetacean effort (km) by the number of MMOs on watch 
and seismic activity status from the Geo Celtic or received sound level 
from the monitoring vessels that met the analysis criteria during Statoil’s 
seismic survey, 11 Aug – 4 October 2010. 

1 2 3 Total

Geo Celtic  Full Array 180 1079 184 1443

Geo Celtic  Mitigation Airgun 128 513 83 724

Geo Celtic  Non-Seismic 134 520 18 672

Geo Celtic Overall 443 2112 284 2839

Monitoring Vessels ≥160 799 613 0 1412

Monitoring Vessels 159-120 1854 2071 56 3980

Monitoring Vessels <120 3054 1755 55 4864

Monitoring Vessel Overall 5707 4438 111 10256

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Number of MMOs
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TABLE H.2.7.  Pinniped effort (km) by the number of MMOs on watch and 
seismic activity status from the Geo Celtic or received sound level from 
the monitoring vessels that met the analysis criteria during Statoil’s 
seismic survey, 11 Aug – 4 October 2010. 

1 2 3 Total

Geo Celtic  Full Array 217 1467 209 1894

Geo Celtic  Mitigation Airgun 175 791 90 1056

Geo Celtic  Non-Seismic 208 798 38 1044

Geo Celtic Overall 599 3056 338 3993

Monitoring Vessels ≥160 684 525 0 1210

Monitoring Vessels 159-120 2080 2367 67 4514

Monitoring Vessels <120 3272 1939 59 5270

Monitoring Vessel Overall 6037 4831 126 10994

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Number of MMOs

 
 

 
TABLE H.2.8.  Cetacean sightings by the number of MMOs on watch and 
seismic activity status from the Geo Celtic or received sound level from 
the monitoring vessels that met the analysis criteria during Statoil’s 
seismic survey, 11 Aug – 4 October 2010. 

1 2 3 Total

Geo Celtic  Full Array 0 4 1 5

Geo Celtic  Mitigation Airgun 0 0 0 0

Geo Celtic  Non-Seismic 0 3 0 3

Geo Celtic Overall 0 7 1 8

Monitoring Vessels ≥160 0 1 0 1

Monitoring Vessels 159-120 1 7 0 8

Monitoring Vessels <120 4 3 0 7

Monitoring Vessel Overall 5 11 0 16

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Number of MMOs
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TABLE H.2.9.  Seal sightings by the number of MMOs on watch and 
seismic activity status from the Geo Celtic or received sound level from 
the monitoring vessels that met the analysis criteria during Statoil’s 
seismic survey, 11 Aug – 4 October 2010. 

1 2 3 Total

Geo Celtic  Full Array 2 44 7 53

Geo Celtic  Mitigation Airgun 5 43 5 53

Geo Celtic  Non-Seismic 0 10 3 13

Geo Celtic Overall 7 97 15 119

Monitoring Vessels ≥160 12 7 0 19

Monitoring Vessels 159-120 29 54 2 85

Monitoring Vessels <120 31 31 0 62

Monitoring Vessel Overall 72 92 2 166

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Number of MMOs

 
 

 
TABLE H.2.10.  Pacific walrus sightings by the number of MMOs on watch 
and seismic activity status from the Geo Celtic or received sound level 
from the monitoring vessels that met the analysis criteria during Statoil’s 
seismic survey, 11 Aug – 4 October 2010. 

1 2 3 Total

Geo Celtic  Full Array 3 23 2 28

Geo Celtic  Mitigation Airgun 5 75 4 84

Geo Celtic  Non-Seismic 0 6 0 6

Geo Celtic Overall 8 104 6 118

Monitoring Vessels ≥160 4 5 0 9

Monitoring Vessels 159-120 29 57 2 88

Monitoring Vessels <120 10 21 5 36

Monitoring Vessel Overall 43 83 7 133

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Number of MMOs
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Seismic Status or Received Sound Level 

 
TABLE H.2.11.  Cetacean effort (km) by seismic activity status from the 
Geo Celtic or received sound level from the monitoring vessels that met 
the analysis criteria during Statoil’s seismic survey, 11 Aug – 4 October 
2010. 

Geo Celtic  Full Array 1443
Geo Celtic  Mitigation Airgun 724
Geo Celtic  Non-Seismic 672

Geo Celtic Overall 2839

Monitoring Vessels ≥160 1412
Monitoring Vessels 159-120 3980
Monitoring Vessels <120 4864

Monitoring Vessel Overall 10256

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)
Effort 
(km)

 
 

 
TABLE H.2.12.  Pinniped effort (km) by seismic activity status from the 
Geo Celtic or received sound level from the monitoring vessels that met 
the analysis criteria during Statoil’s seismic survey, 11 Aug – 4 October 
2010. 

Geo Celtic  Full Array 1210
Geo Celtic  Mitigation Airgun 4514
Geo Celtic  Non-Seismic 5270

Geo Celtic Overall 10994

Monitoring Vessels ≥160 1894
Monitoring Vessels 159-120 1056
Monitoring Vessels <120 1044

Monitoring Vessel Overall 3993

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)
Effort 
(km)
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TABLE H.2.13.  Cetacean sightings by seismic activity status from the 
Geo Celtic or received sound level from the monitoring vessels that met 
the analysis criteria during Statoil’s seismic survey, 11 Aug – 4 October 
2010. 

Geo Celtic  Full Array 5
Geo Celtic  Mitigation Airgun 0
Geo Celtic  Non-Seismic 3

Geo Celtic Overall 8

Monitoring Vessels ≥160 1
Monitoring Vessels 159-120 8
Monitoring Vessels <120 7

Monitoring Vessel Overall 16

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Number 
of 

Sightings

 
 

 
TABLE H.2.14.  Seal sightings by seismic activity status from the Geo 
Celtic or received sound level from the monitoring vessels that met the 
analysis criteria during Statoil’s seismic survey, 11 Aug – 4 October 
2010. 

Geo Celtic  Full Array 53
Geo Celtic  Mitigation Airgun 53
Geo Celtic  Non-Seismic 13

Geo Celtic Overall 119

Monitoring Vessels ≥160 19
Monitoring Vessels 159-120 85
Monitoring Vessels <120 62

Monitoring Vessel Overall 166

Number 
of 

Sightings

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)
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TABLE H.2.15.  Pacific walrus sightings by seismic activity status from the 
Geo Celtic or received sound level from the monitoring vessels that met 
the analysis criteria during Statoil’s seismic survey, 11 Aug – 4 October 
2010. 

Geo Celtic  Full Array 28
Geo Celtic  Mitigation Airgun 84
Geo Celtic  Non-Seismic 6

Geo Celtic Overall 118

Monitoring Vessels ≥160 9
Monitoring Vessels 159-120 88
Monitoring Vessels <120 36

Monitoring Vessel Overall 133

Number 
of 

Sightings

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)
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Part 3:  English Units Effort Tables Presented in Part 2 of this Appendix 

 
TABLE H.2.1E.  Cetacean effort (mi) by Beaufort wind force and seismic activity status 
from the Geo Celtic or received sound level from the monitoring vessels that met the 
analysis criteria during Statoil’s seismic survey, 11 Aug – 4 October 2010. 

0 1 2 3 4 5 Total

Geo Celtic  Full Array 1 27 192 315 168 192 897

Geo Celtic  Mitigation Airgun 3 40 81 145 74 107 450

Geo Celtic  Non-Seismic 0 8 72 152 100 85 417

Geo Celtic Overall 4 75 346 613 342 385 1764

Monitoring Vessels ≥160 4 146 318 249 127 33 877

Monitoring Vessels 159-120 12 265 845 643 382 326 2473

Monitoring Vessels <120 4 293 726 864 730 406 3023

Monitoring Vessel Overall 21 704 1889 1755 1239 766 6373

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Beaufort Wind Force

 
 

 
TABLE H.2.2E.  Pinniped effort (mi) by Beaufort wind force and seismic activity status 
from the Geo Celtic or received sound level from the monitoring vessels that met the 
analysis criteria during Statoil’s seismic survey, 11 Aug – 4 October 2010. 

0 1 2 3 4 5 Total

Geo Celtic  Full Array 2 60 261 384 220 251 1177

Geo Celtic  Mitigation Airgun 3 96 148 194 85 131 656

Geo Celtic  Non-Seismic 0 12 152 216 152 118 649

Geo Celtic Overall 5 167 560 793 456 500 2481

Monitoring Vessels ≥160 4 133 254 214 117 30 752

Monitoring Vessels 159-120 12 249 981 788 415 359 2805

Monitoring Vessels <120 17 348 805 924 765 416 3275

Monitoring Vessel Overall 34 729 2040 1926 1297 805 6831

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Beaufort Wind Force
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TABLE H.2.6E.  Cetacean effort (mi) by the number of MMOs on watch 
and seismic activity status from the Geo Celtic or received sound level 
from the monitoring vessels that met the analysis criteria during Statoil’s 
seismic survey, 11 Aug – 4 October 2010. 

1 2 3 Total

Geo Celtic  Full Array 112 670 114 897

Geo Celtic  Mitigation Airgun 80 319 52 450

Geo Celtic  Non-Seismic 83 323 11 417

Geo Celtic Overall 275 1312 177 1764

Monitoring Vessels ≥160 496 381 0 877

Monitoring Vessels 159-120 1152 1287 35 2473

Monitoring Vessels <120 1898 1090 34 3023

Monitoring Vessel Overall 3546 2758 69 6373

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Number of MMOs

 
 

 
TABLE H.2.7E.  Pinniped effort (mi) by the number of MMOs on watch 
and seismic activity status from the Geo Celtic or received sound level 
from the monitoring vessels that met the analysis criteria during Statoil’s 
seismic survey, 11 Aug – 4 October 2010. 

1 2 3 Total

Geo Celtic  Full Array 135 912 130 1177

Geo Celtic  Mitigation Airgun 108 491 56 656

Geo Celtic  Non-Seismic 129 496 24 649

Geo Celtic Overall 372 1899 210 2481

Monitoring Vessels ≥160 425 327 0 752

Monitoring Vessels 159-120 1292 1471 42 2805

Monitoring Vessels <120 2033 1205 36 3275

Monitoring Vessel Overall 3751 3002 78 6831

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)

Number of MMOs
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TABLE H.2.11E.  Cetacean effort (mi) by seismic activity status from the 
Geo Celtic or received sound level from the monitoring vessels that met 
the analysis criteria during Statoil’s seismic survey, 11 Aug – 4 October 
2010. 

Geo Celtic  Full Array 897
Geo Celtic  Mitigation Airgun 450
Geo Celtic  Non-Seismic 417

Geo Celtic Overall 1764

Monitoring Vessels ≥160 877
Monitoring Vessels 159-120 2473
Monitoring Vessels <120 3023

Monitoring Vessel Overall 6373

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)
Effort 
(mi)

 
 

 
TABLE H.2.12E.  Pinniped effort (mi) by seismic activity status from the 
Geo Celtic or received sound level from the monitoring vessels that met 
the analysis criteria during Statoil’s seismic survey, 11 Aug – 4 October 
2010. 

Geo Celtic  Full Array 752
Geo Celtic  Mitigation Airgun 2805
Geo Celtic  Non-Seismic 3275

Geo Celtic Overall 6831

Monitoring Vessels ≥160 1177
Monitoring Vessels 159-120 656
Monitoring Vessels <120 649

Monitoring Vessel Overall 2481

Vessel and Seismic Status or 
Received Sound Level 

(dB re 1 µPa rms)
Effort 
(mi)
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APPENDIX I:  ALL MARINE MAMMAL DETECTIONS 

 
Table I.1.  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

GEO201044 

Unidentified 
mysticete 
whale 3 11/08/2010 22:17:00 -167.943 68.3709 4518 1287 4 BL NO OT X 

GEO201045 Minke whale 2 11/08/2010 22:32:00 -167.924 68.4306 350 697 4 SW NO OT X 

GEO201046 
Unidentified 
toothed whale 3 12/08/2010 00:42:00 -167.762 68.9407 100 542 3 SW NO OT X 

GEO201047 Pacific walrus 1 12/08/2010 22:10:30 -164.719 71.6804 1000 1098 4 SW LO DP X 

NOR201017 Bearded seal 1 13/08/2010 06:10:12 -162.667 71.7287 50 X 1 SW LO OT X 

NOR201018 Pacific walrus 1 13/08/2010 08:00:59 -162.798 71.9491 362 X 1 SW IS OT X 

GEO201048 
Unidentified 
seal 1 13/08/2010 08:11:37 -164.196 71.597 75 494 2 LO LO DP X 

NOR201019 Pacific walrus 2 13/08/2010 08:35:04 -163.022 71.9591 500 X 1 SW CD OT X 

NOR201020 
Unidentified 
pinniped 1 13/08/2010 09:12:04 -163.157 72.0084 75 X 1 SW NO OT X 

NOR201021 Pacific walrus 1 13/08/2010 09:28:40 -163.216 72.0239 492 X 1 SI NO OT X 

NOR201022 Pacific walrus 1 13/08/2010 09:36:40 -163.224 72.0254 600 X 1 SW LO OT X 

NOR201023 Pacific walrus 2 13/08/2010 09:41:40 -163.226 72.0257 769 X 1 SW NO OT X 

NOR201024 Pacific walrus 1 13/08/2010 10:15:40 -163.41 72.0347 417 X 1 LO NO OT X 

NOR201025 
Unidentified 
pinniped 1 13/08/2010 10:41:59 -163.586 72.0351 1072 X 1 SW NO OT X 

NOR201026 Pacific walrus 2 13/08/2010 16:04:13 -164.704 71.7393 450 X 1 U NO OT X 

TAN201011 

Unidentified 
mysticete 
whale 1 13/08/2010 19:28:27 -167.293 68.4334 1217 X 2 SW NO OT X 

TAN201012 

Unidentified 
mysticete 
whale 1 13/08/2010 19:58:43 -167.172 68.5165 478 X 2 SW NO OT X 

NOR201027 Pacific walrus 1 14/08/2010 11:29:29 -162.943 72.0412 600 X 2 DI NO OT X 

GEO201049 
Unidentified 
seal 1 14/08/2010 12:39:45 -166.287 70.1529 1000 1287 5 DE NO DP X 

NOR201028 Bearded seal 1 14/08/2010 18:15:06 -164.064 71.5025 350 X 3 SW LO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

GEO201050 Pacific walrus 1 14/08/2010 18:45:06 -167.227 70.1104 1238 1591 1 DE NO DP X 

TAN201013 Pacific walrus 1 14/08/2010 19:19:41 -167.264 70.1205 10 X 1 DE NO OT X 

GEO201051 Minke whale 1 14/08/2010 20:13:47 -167.465 70.095 150 587 2 SW NO DP X 

GEO201052 Minke whale 1 14/08/2010 20:44:55 -167.561 70.0889 660 1076 2 SW NO DP X 

TAN201014 
Unidentified 
seal 1 14/08/2010 23:00:57 -168.08 70.0534 111 X 1 LO LO OT X 

GEO201053 Minke whale 1 14/08/2010 23:39:07 -168.083 70.0493 1230 1638 2 SW NO DP X 

GEO201054 
Unidentified 
seal 1 14/08/2010 23:55:15 -168.129 70.0458 350 743 2 SW LO DP X 

TAN201015 
Unidentified 
seal 1 15/08/2010 00:06:05 -168.313 70.0325 140 X 1 LO LO OT X 

TAN201016 
Unidentified 
whale 1 15/08/2010 05:14:20 -168.179 70.2659 10 X X DE NO OT X 

GEO201055 
Unidentified 
whale 1 15/08/2010 16:37:12 -166.945 70.8873 2000 2051 3 DE NO DP X 

GEO201056 
Unidentified 
seal 1 15/08/2010 19:00:51 -166.64 71.0186 453 784 3 LO NO DP X 

TAN201017 
Unidentified 
seal 1 15/08/2010 19:45:12 -166.387 71.0768 40 X 2 SW SP OT X 

GEO201057 
Unidentified 
pinniped 1 15/08/2010 21:11:41 -166.367 71.1355 1230 1508 3 DE NO DP X 

TAN201018 
Unidentified 
seal 1 15/08/2010 23:56:12 -165.855 71.2878 170 X 1 LO LO OT X 

TAN201019 
Unidentified 
seal 1 16/08/2010 06:35:50 -164.838 71.5802 10 X 3 SW LO OT X 

TAN201020 Pacific walrus 1 17/08/2010 09:07:45 -166.118 70.6708 298 X 1 DE NO OT X 

NOR201029 
Unidentified 
seal 1 17/08/2010 14:05:32 -165.645 70.9886 30 X 3 LO LO OT X 

NOR201030 
Unidentified 
seal 1 17/08/2010 18:14:25 -165.269 71.4805 50 X 4 U NO OT X 

TAN201021 
Unidentified 
seal 1 19/08/2010 07:43:28 -164.205 71.6392 60 X 4 LO LO OT X 

GEO201058 
Unidentified 
seal 2 20/08/2010 09:08:39 -163.763 71.6697 750 1203 3 SW NO DP X 

GEO201059 
Unidentified 
seal 1 20/08/2010 13:39:07 -162.924 71.5995 782 1148 2 LO LO DP X 

TAN201022 Ringed seal 1 20/08/2010 14:33:40 -163.089 71.5448 20 X 2 LO LO OT X 



Appendix I:  Marine Mammal Detections  I-3 

Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

TAN201023 Pacific walrus 3 20/08/2010 15:00:16 -163.083 71.5203 367 X 1 SW NO OT X 

GEO201060 
Unidentified 
seal 1 20/08/2010 15:21:20 -163.178 71.5257 662 1078 3 SW NO DP X 

GEO201061 
Unidentified 
seal 1 20/08/2010 15:26:30 -163.196 71.526 782 904 3 LO NO DP X 

GEO201062 Unknown 1 20/08/2010 17:08:10 -163.55 71.5366 956 1058 3 SW SP DP X 

GEO201063 Pacific walrus 4 20/08/2010 22:13:57 -164.624 71.581 1436 1785 3 SW LO DP X 

NOR201031 Ringed seal 1 21/08/2010 01:58:36 -164.672 71.4346 25 X 2 SW IS OT X 

GEO201064 Pacific walrus 1 21/08/2010 08:39:10 -165.517 71.6927 150 603 4 SW SP SH 60 

TAN201024 Pacific walrus 1 21/08/2010 14:45:44 -164.229 71.6809 15 X 4 DE NO OT X 

GEO201065 Pacific walrus 4 22/08/2010 20:00:45 -163.912 71.5696 2000 2342 4 SW LO LS 3000 

GEO201066 Ringed seal 1 23/08/2010 12:41:20 -163.473 71.5615 200 611 3 SW LO RU 3000 

GEO201067 Pacific walrus 1 24/08/2010 12:42:50 -165.045 71.6067 1500 1941 3 SW NO SH 60 

GEO201068 

Unidentified 
mysticete 
whale 2 24/08/2010 14:27:30 -164.82 71.6666 4000 4398 3 SW NO RU 3000 

NOR201032 
Unidentified 
seal 1 24/08/2010 16:18:53 -164.865 71.6137 218 X 3 SW IS OT X 

NOR201033 
Unidentified 
seal 1 24/08/2010 19:56:00 -164.518 71.4329 200 X 2 LO LO OT X 

GEO201069 Ringed seal 1 25/08/2010 10:51:42 -164.367 71.6579 506 926 2 SW IS LS 3000 

GEO201070 Bearded seal 1 25/08/2010 11:25:35 -164.229 71.6576 410 833 2 SW LO RU 3000 

GEO201071 
Unidentified 
seal 1 25/08/2010 11:46:20 -164.136 71.6571 782 1225 2 LO NO LS 3000 

TAN201025 Gray whale 1 25/08/2010 13:17:34 -163.582 71.6709 1217 X 2 BL NO OT X 

GEO201072 Gray whale 1 25/08/2010 13:28:39 -163.677 71.6546 2913 2567 3 BL NO LS 3000 

GEO201073 
Unidentified 
pinniped 1 25/08/2010 14:12:30 -163.483 71.6537 300 656 2 SW NO SH 60 

TAN201026 

Unidentified 
mysticete 
whale 1 25/08/2010 14:31:10 -163.257 71.6698 2010 X 2 BL NO OT X 

TAN201027 

Unidentified 
mysticete 
whale 1 25/08/2010 15:12:58 -163.12 71.6694 478 X 2 BL NO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

TAN201028 Bearded seal 1 25/08/2010 15:35:13 -163.12 71.6492 20 X 2 SW LO OT X 

GEO201074 Pacific walrus 4 25/08/2010 15:39:53 -163.192 71.6675 453 837 3 SW LO SH 60 

GEO201075 Bearded seal 1 25/08/2010 16:35:10 -163.153 71.6096 150 599 3 SW NO SH 60 

GEO201076 Pacific walrus 5 25/08/2010 17:20:48 -163.283 71.5823 782 1082 2 SW NO SH 60 

NOR201034 
Unidentified 
seal 1 25/08/2010 17:26:55 -164.677 71.771 417 X 3 LO NO OT X 

TAN201029 
Unidentified 
seal 1 25/08/2010 18:50:30 -163.726 71.6094 45 X 2 LG NO OT X 

GEO201077 
Unidentified 
seal 1 25/08/2010 18:50:44 -163.608 71.5896 662 1078 1 SW NO SH 3000 

GEO201078 Ringed seal 1 25/08/2010 19:08:15 -163.685 71.59 50 501 1 SW IS LS 3000 

GEO201079 Pacific walrus 1 25/08/2010 19:32:55 -163.793 71.5907 574 891 2 SW LO RU 3000 

GEO201080 Pacific walrus 3 25/08/2010 19:47:36 -163.858 71.5912 2165 230 2 SW LO SH 60 

TAN201030 
Unidentified 
seal 1 25/08/2010 19:57:02 -164.047 71.5927 45 X 2 SW NO OT X 

GEO201081 
Unidentified 
seal 1 25/08/2010 20:13:00 -163.969 71.5918 200 634 1 SW NO SH 60 

NOR201035 
Unidentified 
pinniped 2 25/08/2010 20:14:51 -163.85 71.7264 150 X 3 LO NO OT X 

GEO201082 
Unidentified 
seal 1 25/08/2010 21:39:36 -164.347 71.5936 50 501 2 SW LO LS 3000 

NOR201036 
Unidentified 
whale 1 26/08/2010 00:23:39 -162.802 71.6966 200 X 2 DI NO OT X 

GEO201083 Pacific walrus 1 26/08/2010 10:38:20 -162.988 71.6054 1500 1770 2 SW LO SH 60 

GEO201084 Pacific walrus 2 26/08/2010 12:26:10 -163.257 71.5682 506 831 2 SW LO SH 60 

GEO201085 Pacific walrus 1 26/08/2010 12:59:50 -163.349 71.591 500 825 3 SW NO RU 3000 

GEO201086 
Unidentified 
seal 1 26/08/2010 14:53:00 -163.791 71.5963 450 782 3 SW NO LS 3000 

GEO201087 Pacific walrus 1 26/08/2010 20:39:33 -164.743 71.6872 100 542 4 SW LO RU 3000 

TAN201031 
Unidentified 
pinniped 3 27/08/2010 06:03:18 -162.673 71.5756 50 X 3 SW SP OT X 

GEO201088 
Unidentified 
pinniped 1 27/08/2010 06:36:55 -162.727 71.5828 50 497 4 DI SP SH 60 

NOR201037 Pacific walrus 1 27/08/2010 06:55:31 -160.524 70.6972 25 X 3 LO SP OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

NOR201038 
Unidentified 
pinniped 1 27/08/2010 12:32:26 -160.214 70.6824 600 X 2 LO LO OT X 

NOR201039 Gray whale 2 27/08/2010 13:15:39 -160.447 70.7326 3500 X 2 FE NO OT X 

TAN201032 
Unidentified 
seal 1 27/08/2010 14:09:35 -164.8 71.5846 20 X 3 SW LO OT X 

NOR201040 
Unidentified 
seal 1 27/08/2010 14:28:22 -160.839 70.8094 10 X 3 DI IS OT X 

NOR201041 Pacific walrus 3 27/08/2010 16:59:08 -161.681 70.9765 202 X 3 DI CD OT X 

GEO201089 
Unidentified 
seal 1 28/08/2010 08:34:58 -164.282 71.6091 453 784 2 SW NO LS 3000 

GEO201090 Spotted seal 1 28/08/2010 10:09:25 -164.686 71.6103 782 796 2 SW NO LS 3000 

GEO201091 
Unidentified 
pinniped 1 28/08/2010 10:15:53 -164.714 71.6103 662 1033 2 SW LO LS 3000 

GEO201092 Pacific walrus 1 28/08/2010 10:35:10 -164.796 71.6105 1725 2129 2 SW NO LS 3000 

GEO201093 
Unidentified 
seal 1 28/08/2010 10:37:06 -164.805 71.6106 1436 1842 2 LO NO SH 60 

GEO201094 Pacific walrus 2 28/08/2010 11:35:39 -164.943 71.6521 506 831 2 SW CD SH 60 

GEO201095 Pacific walrus 1 28/08/2010 11:45:59 -164.94 71.6642 662 1115 2 SW NO SH 60 

GEO201096 Ringed seal 1 28/08/2010 11:54:21 -164.931 71.6735 662 1106 2 SW CD SH 60 

NOR201042 Pacific walrus 2 28/08/2010 14:02:56 -163.39 71.7472 500 X 2 LO SP OT X 

TAN201033 Pacific walrus 2 28/08/2010 14:09:34 -164.288 71.7141 30 X 2 LO LO OT X 

GEO201097 Bearded seal 2 28/08/2010 14:14:30 -164.386 71.6956 2913 1398 2 SW NO LS 3000 

NOR201043 Pacific walrus 3 28/08/2010 14:22:34 -163.288 71.7245 417 X 2 LO LO OT X 

NOR201044 Pacific walrus 9 28/08/2010 14:24:05 -163.283 71.7218 200 X 2 ST LO OT X 

TAN201034 Pacific walrus 3 28/08/2010 14:27:10 -164.237 71.7139 415 X 2 SW NO OT X 

NOR201045 Pacific walrus 6 28/08/2010 14:32:40 -163.266 71.7154 400 X 2 LO LO OT X 

GEO201098 
Unidentified 
pinniped 1 28/08/2010 14:35:09 -164.294 71.6953 782 1082 2 SW NO LS 3000 

NOR201046 Pacific walrus 1 28/08/2010 14:36:29 -163.255 71.7219 1000 X 2 LO NO OT X 

NOR201047 Pacific walrus 32 28/08/2010 14:42:42 -163.219 71.7267 500 X 2 SA CD OT X 

GEO201099 Pacific walrus 2 28/08/2010 14:44:17 -164.253 71.6952 1436 1842 2 SW NO LS 3000 

GEO2010100 Pacific walrus 4 28/08/2010 14:50:30 -164.225 71.6951 956 1367 2 SW LO SH 60 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 
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(°N) 

Initial 
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Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
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Array 
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(in3) 

GEO2010101 Pacific walrus 1 28/08/2010 14:57:30 -164.193 71.695 400 739 2 SW NO SH 60 

GEO2010102 Pacific walrus 1 28/08/2010 15:00:30 -164.18 71.6949 506 831 2 SW NO OT X 

NOR201048 Pacific walrus 5 28/08/2010 15:07:43 -163.206 71.6984 500 X 2 SW NO OT X 

NOR201049 Pacific walrus 1 28/08/2010 15:18:42 -163.21 71.679 1000 X 2 SW NO OT X 

NOR201050 Pacific walrus 6 28/08/2010 15:27:56 -163.261 71.676 700 X 2 SW NO OT X 

TAN201035 Pacific walrus 2 28/08/2010 15:28:59 -163.951 71.7131 190 X 2 SW NO OT X 

NOR201051 Pacific walrus 4 28/08/2010 15:52:02 -163.42 71.6752 700 X 2 SW NO OT X 

NOR201052 Pacific walrus 2 28/08/2010 15:54:34 -163.437 71.6751 400 X 2 SW NO OT X 

NOR201053 Pacific walrus 3 28/08/2010 16:14:12 -163.533 71.6786 50 X 2 SA CD OT X 

GEO2010103 Pacific walrus 2 28/08/2010 16:17:00 -163.841 71.6931 100 550 2 SW NO OT X 

NOR201054 Pacific walrus 4 28/08/2010 16:28:51 -163.468 71.6757 417 X 2 ST LO OT X 

TAN201036 Pacific walrus 7 28/08/2010 17:06:24 -163.511 71.7091 250 X 1 SW NO OT X 

NOR201055 
Unidentified 
seal 1 28/08/2010 17:15:52 -163.253 71.6727 100 X 2 U NO OT X 

NOR201056 Pacific walrus 2 28/08/2010 17:15:52 -163.253 71.6727 500 X 2 LO LO OT X 

NOR201057 
Unidentified 
seal 1 28/08/2010 17:33:07 -163.18 71.6722 218 X 2 LO LO OT X 

NOR201058 Pacific walrus 1 28/08/2010 17:37:59 -163.161 71.6719 400 X 2 SW NO OT X 

TAN201037 Pacific walrus 2 28/08/2010 17:48:56 -163.319 71.7069 100 X 1 SW IS OT X 

NOR201059 Pacific walrus 3 28/08/2010 18:03:45 -163.054 71.6704 400 X 1 LO CD OT X 

TAN201038 Pacific walrus 3 28/08/2010 18:14:39 -163.257 71.7055 100 X 1 SW NO OT X 

TAN201039 Pacific walrus 1 28/08/2010 18:22:50 -163.227 71.7051 150 X 1 SW NO OT X 

TAN201040 Pacific walrus 8 28/08/2010 18:44:50 -163.145 71.7038 100 X 1 SW LO OT X 

GEO2010104 Pacific walrus 2 28/08/2010 19:22:34 -163.112 71.6831 100 510 1 SW IS OT X 

GEO2010105 Pacific walrus 4 28/08/2010 20:02:20 -163.054 71.6414 800 1099 2 SW NO OT X 

NOR201060 Pacific walrus 4 28/08/2010 20:23:04 -163.351 71.6046 600 X 1 SW NO OT X 

NOR201061 Pacific walrus 2 28/08/2010 21:05:12 -163.514 71.6038 500 X 1 LO LO OT X 

NOR201062 Pacific walrus 1 28/08/2010 21:12:26 -163.54 71.6037 400 X 1 LO NO OT X 

GEO2010106 Bearded seal 1 28/08/2010 21:35:30 -163.31 71.5974 662 1078 3 SW LO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
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(in3) 

GEO2010107 Pacific walrus 2 28/08/2010 21:47:30 -163.349 71.5961 1230 1583 3 SW NO OT X 

GEO2010108 Pacific walrus 1 28/08/2010 22:05:30 -163.407 71.5939 1500 1941 3 SW NO OT X 

GEO2010109 Pacific walrus 2 28/08/2010 22:08:31 -163.417 71.5936 2000 2440 3 SW NO OT X 

GEO2010110 Pacific walrus 1 28/08/2010 22:11:00 -163.425 71.5933 1230 1583 3 LO NO OT X 

GEO2010111 Pacific walrus 2 28/08/2010 22:20:20 -163.455 71.592 1725 1312 3 SW NO OT X 

GEO2010112 Pacific walrus 7 28/08/2010 22:33:02 -163.496 71.5904 1500 1906 4 SW NO OT X 

GEO2010113 Pacific walrus 4 28/08/2010 23:08:02 -163.609 71.5893 956 1316 3 SW LO OT X 

GEO2010114 Pacific walrus 5 28/08/2010 23:49:10 -163.745 71.5903 200 648 4 SW IS OT X 

GEO2010115 Pacific walrus 3 29/08/2010 06:19:20 -164.94 71.6735 506 959 2 SW NO OT X 

GEO2010116 Pacific walrus 2 29/08/2010 06:49:50 -164.863 71.6945 782 1148 3 LO NO OT X 

TAN201041 
Unidentified 
seal 1 29/08/2010 07:32:09 -164.601 71.7055 100 X 3 SW LO OT X 

GEO2010117 Pacific walrus 3 29/08/2010 07:40:19 -164.687 71.6968 1436 1506 2 LO NO OT X 

GEO2010118 Ringed seal 1 29/08/2010 09:22:23 -164.304 71.6952 860 1223 2 LO LO RU 3000 

GEO2010119 Pacific walrus 3 29/08/2010 10:20:49 -164.083 71.6942 150 543 3 SW NO LS 3000 

TAN201042 Bearded seal 1 29/08/2010 10:34:20 -163.906 71.6812 153 X 3 SW NO OT X 

NOR201063 Pacific walrus 3 29/08/2010 11:08:40 -163.288 71.7192 175 X 3 SW LO OT X 

TAN201043 Pacific walrus 1 29/08/2010 11:18:10 -163.706 71.6709 367 X 3 LO LO OT X 

NOR201064 Pacific walrus 2 29/08/2010 11:19:29 -163.238 71.7193 50 X 3 ST IS OT X 

GEO2010120 Bearded seal 1 29/08/2010 11:25:17 -163.786 71.6929 506 926 3 SW CD LS 3000 

GEO2010121 Pacific walrus 1 29/08/2010 11:47:20 -163.685 71.6923 506 926 3 SW CD LS 3000 

NOR201065 Pacific walrus 1 29/08/2010 11:47:29 -163.125 71.741 300 X 3 LO LO OT X 

NOR201066 Pacific walrus 2 29/08/2010 11:52:09 -163.1 71.7459 10 X 3 SW CD OT X 

TAN201044 Pacific walrus 2 29/08/2010 11:56:10 -163.546 71.6712 298 X 3 SW LO OT X 

GEO2010122 Pacific walrus 2 29/08/2010 12:15:27 -163.558 71.6913 662 1078 3 SW NO SH 60 

TAN201045 Pacific walrus 3 29/08/2010 12:34:53 -163.364 71.6764 478 X 2 SW NO OT X 

TAN201046 Pacific walrus 3 29/08/2010 12:45:09 -163.316 71.6784 685 X 2 SW LO OT X 

TAN201047 Pacific walrus 2 29/08/2010 12:52:11 -163.282 71.6793 329 X 2 SW LO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
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(°W) 
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Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
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Array 
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GEO2010123 Pacific walrus 2 29/08/2010 12:56:24 -163.375 71.6902 782 904 3 SW NO RU 3000 

TAN201048 Pacific walrus 8 29/08/2010 12:58:05 -163.256 71.6793 190 X 2 SW NO OT X 

TAN201049 Pacific walrus 12 29/08/2010 13:02:31 -163.241 71.6789 250 X 2 LG LO OT X 

NOR201067 Pacific walrus 2 29/08/2010 13:04:25 -162.702 71.7207 75 X 3 ST LO OT X 

TAN201050 Pacific walrus 3 29/08/2010 13:06:50 -163.226 71.6786 478 X 2 SW LO OT X 

NOR201068 Pacific walrus 5 29/08/2010 13:09:55 -162.68 71.7258 200 X 3 LO IS OT X 

GEO2010124 Pacific walrus 2 29/08/2010 13:11:57 -163.306 71.6894 956 1316 3 SW NO SH 60 

GEO2010125 Pacific walrus 4 29/08/2010 13:14:05 -163.296 71.6894 956 1225 3 SW NO SH 60 

NOR201069 Pacific walrus 1 29/08/2010 13:28:06 -162.603 71.7459 10 X 3 SW CD OT X 

NOR201070 Pacific walrus 2 29/08/2010 13:38:32 -162.553 71.7606 20 X 3 SA LO OT X 

GEO2010126 Pacific walrus 2 29/08/2010 13:43:20 -163.167 71.6882 750 1052 3 LO LO SH 60 

TAN201051 
Unidentified 
seal 1 29/08/2010 13:48:04 -163.031 71.6741 150 X 2 SW LO OT X 

GEO2010127 Pacific walrus 3 29/08/2010 13:48:48 -163.142 71.6879 506 926 3 SW NO SH 60 

NOR201071 Pacific walrus 3 29/08/2010 13:57:25 -162.448 71.7508 45 X 3 LO NO OT X 

GEO2010128 Pacific walrus 3 29/08/2010 13:59:42 -163.094 71.6875 782 1196 3 SW CD SH 60 

GEO2010129 Pacific walrus 1 29/08/2010 14:07:53 -163.058 71.6871 956 1159 3 SW NO SH 60 

TAN201052 Pacific walrus 3 29/08/2010 14:09:31 -162.927 71.6716 685 X 2 SW LO OT X 

GEO2010130 Pacific walrus 3 29/08/2010 14:12:28 -163.037 71.6871 100 542 3 SW IS SH 60 

TAN201053 Pacific walrus 2 29/08/2010 14:13:49 -162.909 71.6712 500 X 2 SW LO OT X 

TAN201054 Pacific walrus 3 29/08/2010 14:15:46 -162.901 71.671 150 X 2 SW LO OT X 

TAN201055 Pacific walrus 4 29/08/2010 14:21:06 -162.883 71.6705 75 X 2 LO SP OT X 

GEO2010131 Pacific walrus 2 29/08/2010 14:21:28 -163.001 71.6869 782 1082 3 SW NO SH 60 

NOR201072 Pacific walrus 1 29/08/2010 14:24:30 -162.347 71.71 30 X 2 U NO OT X 

NOR201073 Pacific walrus 3 29/08/2010 14:27:20 -162.355 71.7059 200 X 2 U NO OT X 

TAN201056 Pacific walrus 6 29/08/2010 14:27:22 -162.873 71.6674 329 X 2 SW NO OT X 

GEO2010132 Pacific walrus 1 29/08/2010 14:32:30 -162.96 71.6832 1725 2070 3 SW NO SH 60 

GEO2010133 Pacific walrus 4 29/08/2010 14:34:57 -162.951 71.6819 1725 2129 3 SW NO SH 60 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 
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GEO2010134 Pacific walrus 2 29/08/2010 14:41:00 -162.931 71.6778 150 603 3 SW LO SH 60 

TAN201057 Pacific walrus 1 29/08/2010 14:45:27 -162.929 71.6416 200 X 2 SW LO OT X 

TAN201058 Pacific walrus 2 29/08/2010 14:50:46 -162.943 71.6355 150 X 2 SW LO OT X 

GEO2010135 Pacific walrus 2 29/08/2010 14:53:01 -162.899 71.667 550 834 3 SW NO SH 60 

NOR201074 Pacific walrus 1 29/08/2010 14:55:06 -162.476 71.6582 320 X 2 SW NO OT X 

GEO2010136 Pacific walrus 3 29/08/2010 14:57:04 -162.891 71.6628 300 698 3 SW LO SH 60 

GEO2010137 Pacific walrus 4 29/08/2010 15:09:54 -162.876 71.6475 1200 1479 3 SW NO SH 60 

GEO2010138 Pacific walrus 2 29/08/2010 15:19:14 -162.877 71.636 1800 2204 3 SW NO SH 60 

GEO2010139 Pacific walrus 4 29/08/2010 15:21:51 -162.879 71.6328 1230 1683 3 SW NO SH 60 

TAN201059 Pacific walrus 2 29/08/2010 15:24:25 -163.037 71.6231 367 X 2 SW LO OT X 

NOR201075 Pacific walrus 2 29/08/2010 15:25:10 -162.425 71.6036 100 X 2 LO NO OT X 

GEO2010140 Pacific walrus 7 29/08/2010 15:30:23 -162.89 71.6229 956 1246 3 SW NO SH 60 

TAN201060 Pacific walrus 2 29/08/2010 15:40:48 -163.088 71.6196 298 X 2 LO LO OT X 

GEO2010141 
Unidentified 
pinniped 1 29/08/2010 15:43:15 -162.918 71.6103 500 825 3 LO NO SH 60 

GEO2010142 
Unidentified 
pinniped 1 29/08/2010 15:53:18 -162.948 71.6033 300 747 3 SW NO SH 60 

NOR201076 Pacific walrus 2 29/08/2010 16:02:47 -162.453 71.5437 320 X 3 LO CD OT X 

GEO2010143 Pacific walrus 2 29/08/2010 16:04:42 -162.986 71.5986 782 1225 3 SW NO SH 60 

GEO2010144 Pacific walrus 2 29/08/2010 16:08:09 -162.998 71.5979 297 750 3 SW NO SH 60 

TAN201061 Pacific walrus 2 29/08/2010 16:13:47 -163.155 71.6136 367 X 2 LO LO OT X 

GEO2010145 Pacific walrus 2 29/08/2010 16:16:15 -163.027 71.5977 956 1316 3 SW NO SH 60 

TAN201062 Pacific walrus 3 29/08/2010 16:21:16 -163.18 71.614 685 X 2 SW NO OT X 

TAN201063 Pacific walrus 5 29/08/2010 16:24:10 -163.19 71.6146 300 X 2 SW CD OT X 

GEO2010146 Pacific walrus 3 29/08/2010 16:27:12 -163.065 71.5989 662 971 3 SW NO SH 60 

TAN201064 Pacific walrus 4 29/08/2010 16:30:20 -163.206 71.6151 400 X 2 SW NO OT X 

NOR201077 Pacific walrus 2 29/08/2010 16:36:54 -162.629 71.5441 165 X 2 LO LO OT X 

TAN201065 Pacific walrus 3 29/08/2010 16:40:39 -163.237 71.6166 367 X 2 SW NO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 
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TAN201066 Pacific walrus 1 29/08/2010 16:46:03 -163.254 71.6177 478 X 2 LO LO OT X 

TAN201067 Pacific walrus 4 29/08/2010 16:47:59 -163.26 71.6181 367 X 2 LG NO OT X 

TAN201068 Pacific walrus 2 29/08/2010 16:50:06 -163.266 71.6185 685 X 2 LO LO OT X 

GEO2010147 Bearded seal 1 29/08/2010 16:50:50 -163.15 71.6018 500 880 2 LO NO SH 60 

TAN201069 Pacific walrus 5 29/08/2010 16:58:23 -163.292 71.6202 367 X 2 LG NO OT X 

GEO2010148 Pacific walrus 2 29/08/2010 17:01:10 -163.187 71.6029 506 761 2 SW NO SH 60 

TAN201070 Pacific walrus 2 29/08/2010 17:05:54 -163.321 71.6223 216 X 2 SW NO OT X 

GEO2010149 Pacific walrus 1 29/08/2010 17:10:27 -163.221 71.604 1230 1508 2 SW NO SH 60 

GEO2010150 
Unidentified 
seal 1 29/08/2010 17:10:50 -163.223 71.604 1230 1508 2 LO NO SH 60 

GEO2010151 Pacific walrus 4 29/08/2010 17:15:32 -163.239 71.6045 782 680 2 SW SG SH 60 

TAN201071 Pacific walrus 1 29/08/2010 17:16:54 -163.367 71.6257 250 X 2 SW NO OT X 

GEO2010152 Pacific walrus 3 29/08/2010 17:17:34 -163.247 71.6048 2165 2618 2 SW NO SH 60 

TAN201072 Pacific walrus 5 29/08/2010 17:18:45 -163.375 71.6262 478 X 2 SW NO OT X 

GEO2010153 Pacific walrus 1 29/08/2010 17:24:09 -163.271 71.6057 506 959 2 SW NO SH 60 

GEO2010154 Pacific walrus 1 29/08/2010 17:28:46 -163.288 71.6062 662 1033 2 SW NO SH 60 

GEO2010155 Pacific walrus 1 29/08/2010 17:35:00 -163.31 71.6072 1725 2070 3 SW NO SH 60 

GEO2010156 Pacific walrus 2 29/08/2010 17:37:30 -163.319 71.6075 2165 2212 3 SW NO SH 60 

GEO2010157 Pacific walrus 7 29/08/2010 17:41:00 -163.332 71.608 2165 2567 3 SW NO SH 60 

NOR201078 Pacific walrus 5 29/08/2010 17:46:28 -163.021 71.5278 320 X 2 LO NO OT X 

GEO2010158 Pacific walrus 2 29/08/2010 17:51:35 -163.371 71.609 574 950 3 SW NO SH 60 

GEO2010159 Pacific walrus 2 29/08/2010 17:56:52 -163.391 71.6096 662 1106 3 SW NO SH 60 

GEO2010160 Pacific walrus 4 29/08/2010 17:58:11 -163.395 71.6096 1230 1683 3 SW NO SH 60 

NOR201079 Pacific walrus 2 29/08/2010 18:02:31 -163.105 71.5418 500 X 2 U NO OT X 

GEO2010161 Pacific walrus 5 29/08/2010 18:07:52 -163.431 71.6098 662 1115 2 SW NO SH 60 

TAN201073 Pacific walrus 3 29/08/2010 18:09:51 -163.566 71.6304 367 X 2 LO LO OT X 

NOR201080 Pacific walrus 1 29/08/2010 18:14:13 -163.17 71.555 500 X 2 ST NO OT X 

TAN201074 Pacific walrus 1 29/08/2010 18:17:38 -163.593 71.6292 478 X 2 LO LO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

GEO2010162 Pacific walrus 2 29/08/2010 18:18:43 -163.472 71.6102 956 1367 2 SW NO SH 60 

GEO2010163 Pacific walrus 2 29/08/2010 18:26:52 -163.502 71.6105 1076 1167 2 LO LO SH 60 

GEO2010164 Pacific walrus 2 29/08/2010 18:31:31 -163.519 71.6107 2165 2423 2 SW NO SH 60 

TAN201075 Pacific walrus 1 29/08/2010 18:35:14 -163.652 71.6272 685 X 2 LO NO OT X 

TAN201076 Pacific walrus 1 29/08/2010 18:38:50 -163.664 71.6271 298 X 2 LO NO OT X 

GEO2010165 Pacific walrus 1 29/08/2010 18:42:03 -163.558 71.6123 782 562 2 SW SG SH 60 

TAN201077 Pacific walrus 1 29/08/2010 18:51:29 -163.707 71.6269 298 X 2 LO NO OT X 

NOR201081 Pacific walrus 2 29/08/2010 18:55:13 -163.381 71.5601 450 X 2 SW NO OT X 

GEO2010166 Pacific walrus 3 29/08/2010 18:57:20 -163.616 71.6127 506 802 2 SW NO SH 60 

GEO2010167 Pacific walrus 2 29/08/2010 19:03:00 -163.637 71.6125 297 541 2 SW SG SH 60 

GEO2010168 Pacific walrus 3 29/08/2010 19:08:05 -163.656 71.6124 956 1409 2 SW NO SH 60 

NOR201082 Pacific walrus 1 29/08/2010 19:29:53 -163.571 71.5306 320 X 2 ST NO OT X 

GEO2010169 Pacific walrus 3 29/08/2010 19:35:30 -163.759 71.6116 1436 1877 2 LO LO SH 60 

NOR201083 Pacific walrus 3 29/08/2010 19:43:58 -163.64 71.5452 350 X 2 ST NO OT X 

GEO2010170 
Unidentified 
seal 1 29/08/2010 19:46:30 -163.8 71.6123 1230 1671 2 SW LO SH 60 

TAN201078 Pacific walrus 1 29/08/2010 19:56:15 -163.957 71.6288 478 X 1 SW NO OT X 

GEO2010171 Pacific walrus 1 29/08/2010 20:02:17 -163.859 71.6125 319 672 2 SW LO SH 60 

TAN201079 
Unidentified 
seal 1 29/08/2010 20:41:39 -164.159 71.6318 40 X 1 LO LO OT X 

NOR201084 Bearded seal 1 29/08/2010 21:02:49 -164.044 71.5434 500 X 1 SW LO OT X 

GEO2010172 Bearded seal 1 29/08/2010 21:53:00 -164.304 71.6149 956 971 2 SW NO LS 3000 

TAN201080 
Unidentified 
pinniped 1 29/08/2010 21:55:17 -164.455 71.6292 170 X 1 LG NO OT X 

GEO2010173 Bearded seal 1 29/08/2010 22:02:04 -164.342 71.6151 782 1148 2 SW NO LS 3000 

NOR201085 
Unidentified 
pinniped 1 29/08/2010 22:02:48 -164.385 71.5817 320 X 2 LO NO OT X 

GEO2010174 
Unidentified 
seal 1 29/08/2010 22:11:56 -164.384 71.6152 300 698 1 SW NO LS 3000 

GEO2010175 Pacific walrus 2 29/08/2010 22:18:01 -164.41 71.6153 1436 1708 1 SW NO LS 3000 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

NOR201086 
Unidentified 
seal 1 29/08/2010 22:36:55 -164.577 71.5447 188 X 1 LO NO OT X 

NOR201087 
Unidentified 
seal 1 29/08/2010 22:42:16 -164.607 71.5388 320 X 1 LO NO OT X 

GEO2010176 Ringed seal 1 29/08/2010 23:36:18 -164.716 71.616 200 648 1 SW IS LS 3000 

NOR201088 
Unidentified 
seal 1 30/08/2010 00:04:40 -165.048 71.5414 500 X 1 SW NO OT X 

NOR201089 
Unidentified 
seal 1 30/08/2010 00:13:44 -165.091 71.5529 320 X 1 SW NO OT X 

GEO2010177 Bearded seal 1 30/08/2010 06:52:50 -163.628 71.6972 300 728 1 LO LO LS 3000 

TAN201082 
Unidentified 
seal 1 30/08/2010 06:57:56 -163.472 71.684 119 X 1 LO LO OT X 

NOR201090 
Unidentified 
seal 1 30/08/2010 07:01:37 -163.756 71.7343 218 X 1 U NO OT X 

TAN201083 
Unidentified 
pinniped 1 30/08/2010 07:30:12 -163.323 71.6833 685 X 0 SW NO OT X 

NOR201091 Pacific walrus 4 30/08/2010 07:41:18 -163.529 71.7747 2000 X 1 ST NO OT X 

GEO2010178 Bearded seal 1 30/08/2010 07:47:27 -163.381 71.6955 574 731 1 LO LO LS 3000 

TAN201084 Pacific walrus 3 30/08/2010 07:53:38 -163.215 71.6786 478 X 0 SW NO OT X 

TAN201085 Pacific walrus 5 30/08/2010 08:01:25 -163.179 71.6772 478 X 0 SW NO OT X 

GEO2010179 Pacific walrus 5 30/08/2010 08:08:15 -163.287 71.6946 1725 2178 1 SW NO LS 3000 

TAN201086 Pacific walrus 2 30/08/2010 08:08:28 -163.147 71.6767 298 X 0 LO NO OT X 

NOR201092 Pacific walrus 3 30/08/2010 08:18:30 -163.318 71.7288 600 X 1 LO LO OT X 

TAN201087 Pacific walrus 1 30/08/2010 08:22:30 -163.082 71.6759 298 X 0 LO NO OT X 

GEO2010180 Pacific walrus 2 30/08/2010 08:24:58 -163.211 71.6938 1230 1683 1 LO CD SH 60 

GEO2010181 Bearded seal 1 30/08/2010 08:28:23 -163.195 71.6937 150 512 1 SW NO SH 60 

TAN201088 Pacific walrus 1 30/08/2010 08:30:11 -163.046 71.6756 478 X 0 SW NO OT X 

TAN201089 Pacific walrus 2 30/08/2010 08:34:40 -163.026 71.6753 298 X 1 SW LO OT X 

NOR201093 Pacific walrus 4 30/08/2010 08:34:50 -163.218 71.722 1785 X 1 U NO OT X 

NOR201094 Pacific walrus 3 30/08/2010 08:41:16 -163.18 71.7279 1072 X 1 ST CD OT X 

GEO2010182 Pacific walrus 3 30/08/2010 08:48:58 -163.112 71.6904 1076 1518 1 SW NO SH 60 

GEO2010183 Pacific walrus 2 30/08/2010 08:53:20 -163.097 71.6884 2913 3313 1 LO NO SH 60 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

GEO2010184 Pacific walrus 2 30/08/2010 09:06:10 -163.057 71.6791 574 950 1 LO LO SH 60 

TAN201090 Pacific walrus 1 30/08/2010 09:09:35 -162.99 71.6419 685 X 1 LO LO OT X 

TAN201091 Pacific walrus 2 30/08/2010 09:17:40 -162.995 71.6315 1217 X 1 SI NO OT X 

NOR201095 Pacific walrus 1 30/08/2010 09:20:38 -162.961 71.7693 150 X 2 ST NO OT X 

TAN201092 Pacific walrus 3 30/08/2010 09:22:20 -162.998 71.6255 367 X 1 LO CD OT X 

TAN201093 Pacific walrus 2 30/08/2010 09:26:42 -163.006 71.6207 298 X 1 SW NO OT X 

TAN201094 Pacific walrus 1 30/08/2010 09:30:10 -163.014 71.6162 190 X 1 SW LO OT X 

TAN201095 Pacific walrus 2 30/08/2010 09:32:40 -163.021 71.6132 1217 X 1 SW NO OT X 

NOR201096 Pacific walrus 2 30/08/2010 09:32:54 -162.902 71.753 100 X 2 SW NO OT X 

TAN201096 Pacific walrus 2 30/08/2010 09:36:27 -163.034 71.6093 685 X 1 SI NO OT X 

GEO2010185 Pacific walrus 1 30/08/2010 09:36:45 -163.018 71.6447 2165 2324 1 LO LO SH 60 

TAN201097 Pacific walrus 2 30/08/2010 09:39:47 -163.046 71.606 367 X 1 SW NO OT X 

TAN201098 Pacific walrus 3 30/08/2010 09:42:57 -163.059 71.6037 685 X 1 LO LO OT X 

TAN201099 Pacific walrus 2 30/08/2010 09:44:58 -163.067 71.6023 1217 X 1 LO LO OT X 

TAN2010100 Pacific walrus 2 30/08/2010 09:47:10 -163.076 71.6008 876 X 1 LO LO OT X 

TAN2010101 Bearded seal 1 30/08/2010 09:50:40 -163.091 71.5983 128 X 1 LO NO OT X 

GEO2010186 Pacific walrus 2 30/08/2010 09:51:25 -163.033 71.6272 1436 1614 1 SW NO SH 60 

TAN2010102 Pacific walrus 2 30/08/2010 09:52:18 -163.098 71.5972 298 X 1 LO LO OT X 

TAN2010103 
Unidentified 
pinniped 1 30/08/2010 09:54:28 -163.107 71.5957 685 X 1 SW NO OT X 

TAN2010104 Pacific walrus 3 30/08/2010 09:55:54 -163.113 71.5952 100 X 1 SW NO OT X 

TAN2010105 Pacific walrus 1 30/08/2010 09:58:00 -163.122 71.5945 60 X 1 SW IS OT X 

GEO2010187 Pacific walrus 4 30/08/2010 10:11:47 -163.086 71.6095 1725 2070 1 SW CD SH 60 

GEO2010188 Pacific walrus 2 30/08/2010 10:16:30 -163.101 71.6069 1725 2070 1 SW NO SH 60 

TAN2010106 Pacific walrus 2 30/08/2010 10:24:56 -163.254 71.5902 1217 X 1 LO CD OT X 

GEO2010189 Pacific walrus 2 30/08/2010 10:25:54 -163.134 71.6037 1230 1671 1 SW NO SH 60 

GEO2010190 Pacific walrus 2 30/08/2010 10:35:59 -163.17 71.6023 2913 2948 1 SW NO SH 60 

TAN2010107 Pacific walrus 1 30/08/2010 10:38:47 -163.322 71.5867 250 X 1 DI NO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
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(°W) 
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(°N) 

Initial 
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Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 
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Array 
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(in3) 

TAN2010108 Pacific walrus 4 30/08/2010 10:43:38 -163.346 71.5846 1217 X 1 LO NO OT X 

NOR201097 Pacific walrus 1 30/08/2010 10:48:54 -162.517 71.7644 450 X 2 LO NO OT X 

TAN2010109 Pacific walrus 2 30/08/2010 10:54:55 -163.397 71.5807 1217 X 1 LO NO OT X 

GEO2010191 Pacific walrus 2 30/08/2010 10:55:58 -163.255 71.5994 574 478 1 SW LO SH 60 

TAN2010110 Pacific walrus 2 30/08/2010 11:05:51 -163.453 71.5764 298 X 1 SW IS OT X 

NOR201098 Pacific walrus 1 30/08/2010 11:07:05 -162.419 71.7404 50 X 2 SW LO OT X 

GEO2010192 Pacific walrus 1 30/08/2010 11:13:10 -163.329 71.5966 2165 2212 2 SW NO SH 60 

NOR201099 
Unidentified 
pinniped 1 30/08/2010 11:14:01 -162.39 71.7336 150 X 2 U NO OT X 

NOR2010100 Pacific walrus 2 30/08/2010 11:15:42 -162.382 71.7317 417 X 2 SI NO OT X 

TAN2010111 
Unidentified 
seal 1 30/08/2010 11:28:40 -163.518 71.5719 100 X 1 SW SP OT X 

NOR2010101 Pacific walrus 7 30/08/2010 11:33:14 -162.349 71.7079 320 X 2 SW NO OT X 

NOR2010102 Pacific walrus 1 30/08/2010 11:47:40 -162.401 71.6883 100 X 2 ST IS OT X 

TAN2010112 Ringed seal 1 30/08/2010 11:57:55 -163.648 71.5645 100 X 1 SW LO OT X 

NOR2010103 Pacific walrus 3 30/08/2010 11:59:19 -162.433 71.6749 800 X 2 LO NO OT X 

GEO2010193 
Unidentified 
seal 1 30/08/2010 12:01:30 -163.536 71.5891 300 698 2 LO NO RU 3000 

NOR2010104 Pacific walrus 3 30/08/2010 12:06:56 -162.454 71.6653 300 X 2 SW NO OT X 

NOR2010105 Pacific walrus 6 30/08/2010 12:17:28 -162.503 71.6476 300 X 2 SW NO OT X 

NOR2010106 Pacific walrus 3 30/08/2010 12:28:30 -162.486 71.6305 400 X 2 SW NO OT X 

GEO2010194 Pacific walrus 1 30/08/2010 12:31:00 -163.645 71.5898 410 747 2 SW LO SH 3000 

NOR2010107 Pacific walrus 150 30/08/2010 12:35:03 -162.465 71.6211 500 X 2 ST NO OT X 

GEO2010195 Pacific walrus 1 30/08/2010 12:59:02 -163.765 71.5907 956 1159 2 SW NO SH 60 

NOR2010108 Pacific walrus 2 30/08/2010 13:03:10 -162.5 71.6009 100 X 2 LO NO OT X 

NOR2010109 Pacific walrus 1 30/08/2010 13:09:35 -162.538 71.5966 417 X 2 SW NO OT X 

NOR2010110 Pacific walrus 1 30/08/2010 13:47:34 -162.784 71.5713 200 X 2 SW LO OT X 

NOR2010111 Pacific walrus 2 30/08/2010 13:53:47 -162.819 71.5643 300 X 2 SW NO OT X 

GEO2010196 Pacific walrus 2 30/08/2010 14:02:15 -164.001 71.5999 1230 1638 2 LO LO SH 60 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
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(°W) 
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(°N) 

Initial 
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Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
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(in3) 

GEO2010197 Pacific walrus 2 30/08/2010 14:10:30 -164.033 71.6022 662 1106 2 SW CD SH 60 

GEO2010198 Pacific walrus 1 30/08/2010 14:16:56 -164.059 71.6039 662 699 2 SW NO SH 60 

NOR2010112 Pacific walrus 2 30/08/2010 14:26:35 -163.016 71.5275 250 X 2 ST LO OT X 

GEO2010199 Pacific walrus 1 30/08/2010 14:30:20 -164.11 71.607 2165 2094 2 SW NO SH 60 

GEO2010200 Pacific walrus 1 30/08/2010 14:44:38 -164.158 71.6088 1230 1683 2 SW NO SH 60 

GEO2010201 Bearded seal 1 30/08/2010 14:48:30 -164.171 71.6089 319 477 2 LO LO SH 60 

GEO2010202 Pacific walrus 1 30/08/2010 15:05:45 -164.231 71.6093 782 1196 2 SW NO SH 60 

TAN2010113 
Unidentified 
seal 1 30/08/2010 15:12:10 -164.4 71.623 40 X 2 LO LO OT X 

TAN2010114 Bearded seal 1 30/08/2010 15:17:16 -164.423 71.6254 367 X 2 LO LO OT X 

NOR2010113 Pacific walrus 1 30/08/2010 15:23:24 -163.351 71.5657 320 X 2 LO NO OT X 

GEO2010203 
Unidentified 
seal 1 30/08/2010 15:29:13 -164.314 71.6096 956 1159 2 LO NO SH 60 

GEO2010204 Pacific walrus 1 30/08/2010 15:50:48 -164.393 71.6073 375 765 1 SW NO SH 60 

GEO2010205 
Unidentified 
seal 1 30/08/2010 15:56:45 -164.413 71.6043 1725 2178 1 SW NO SH 60 

TAN2010115 
Unidentified 
seal 1 30/08/2010 16:00:29 -164.522 71.6234 190 X 2 SW LO OT X 

GEO2010206 
Unidentified 
seal 1 30/08/2010 16:16:00 -164.467 71.5878 1725 2070 1 SW NO SH 60 

TAN2010116 Spotted seal 1 30/08/2010 16:28:08 -164.618 71.5838 685 X 1 SW NO OT X 

GEO2010207 Bearded seal 1 30/08/2010 16:41:00 -164.546 71.5715 300 728 1 LO LO SH 60 

GEO2010208 Pacific walrus 2 30/08/2010 16:52:05 -164.587 71.5703 200 611 1 SW NO SH 60 

NOR2010114 Bearded seal 1 30/08/2010 16:57:21 -163.924 71.5655 320 X 2 LO NO OT X 

GEO2010209 
Unidentified 
seal 1 30/08/2010 17:05:53 -164.637 71.5738 1230 1638 1 SW NO SH 60 

NOR2010115 Bearded seal 1 30/08/2010 17:11:03 -164.009 71.5507 320 X 1 SW NO OT X 

GEO2010210 Bearded seal 1 30/08/2010 17:12:20 -164.658 71.5771 350 776 1 SW LO SH 60 

TAN2010117 Bearded seal 1 30/08/2010 17:17:45 -164.754 71.6049 200 X 1 SW NO OT X 

GEO2010211 
Unidentified 
seal 1 30/08/2010 17:18:50 -164.676 71.5819 956 1367 1 SW NO SH 60 

NOR2010116 Bearded seal 1 30/08/2010 17:21:36 -164.075 71.5397 417 X 1 LO NO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 
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NOR2010117 Bearded seal 1 30/08/2010 17:31:36 -164.137 71.5448 218 X 1 LO NO OT X 

NOR2010118 Bearded seal 1 30/08/2010 17:52:38 -164.263 71.567 320 X 1 LO NO OT X 

NOR2010119 
Unidentified 
seal 1 30/08/2010 18:22:02 -164.441 71.5717 200 X 1 U NO OT X 

GEO2010218 
Unidentified 
pinniped 1 30/08/2010 18:23:33 -164.682 71.6464 1230 1508 1 LO NO SH 60 

TAN2010118 
Unidentified 
pinniped 2 30/08/2010 18:30:08 -164.505 71.6523 60 X 1 SW NO OT X 

GEO2010212 Pacific walrus 2 30/08/2010 18:36:20 -164.646 71.6547 4518 4915 1 LO NO SH 60 

NOR2010120 Ringed seal 1 30/08/2010 18:43:05 -164.569 71.5485 259 X 1 SW NO OT X 

GEO2010213 Pacific walrus 3 30/08/2010 18:43:12 -164.623 71.6576 1725 2178 1 SW NO SH 60 

GEO2010214 
Unidentified 
seal 1 30/08/2010 18:47:20 -164.609 71.6588 860 1223 1 SW NO SH 60 

TAN2010119 
Unidentified 
seal 1 30/08/2010 18:50:08 -164.435 71.6511 250 X 1 LG NO OT X 

NOR2010121 Bearded seal 1 30/08/2010 18:50:30 -164.614 71.54 320 X 1 LO LO OT X 

GEO2010215 Pacific walrus 2 30/08/2010 19:00:05 -164.564 71.6595 662 971 1 SW NO SH 60 

GEO2010216 Bearded seal 1 30/08/2010 19:09:01 -164.533 71.6581 2165 2618 0 SW NO SH 60 

GEO2010217 
Unidentified 
seal 1 30/08/2010 19:18:03 -164.503 71.6582 956 1246 0 SW NO SH 60 

TAN2010120 
Unidentified 
seal 1 30/08/2010 19:26:12 -164.307 71.6472 478 X 1 LO NO OT X 

GEO2010219 Bearded seal 1 30/08/2010 19:28:01 -164.469 71.658 782 1148 0 SW NO SH 60 

NOR2010122 Pacific walrus 1 30/08/2010 19:29:12 -164.826 71.585 100 X 1 SW LO OT X 

GEO2010220 
Unidentified 
seal 1 30/08/2010 19:34:10 -164.448 71.658 453 837 0 SW NO SH 60 

TAN2010121 Bearded seal 1 30/08/2010 19:35:41 -164.273 71.6461 298 X 1 LG NO OT X 

GEO2010221 Bearded seal 1 30/08/2010 19:39:30 -164.43 71.658 506 886 0 SW NO RU 3000 

GEO2010222 Bearded seal 1 30/08/2010 19:45:59 -164.408 71.658 400 739 0 SW LO RU 3000 

NOR2010123 Ringed seal 1 30/08/2010 19:50:01 -164.948 71.5615 50 X 1 SW SP OT X 

TAN2010122 Ribbon seal 1 30/08/2010 19:50:22 -164.251 71.6464 170 X 1 SW NO OT X 

GEO2010223 Pacific walrus 3 30/08/2010 19:51:10 -164.39 71.6579 2165 2567 0 SW LO RU 3000 



Appendix I:  Marine Mammal Detections  I-17 

Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

GEO2010224 
Unidentified 
seal 1 30/08/2010 19:51:59 -164.387 71.658 1230 1671 0 SW NO RU 3000 

GEO2010225 
Unidentified 
pinniped 1 30/08/2010 19:59:45 -164.359 71.658 2913 3249 0 SW NO SH 60 

NOR2010124 Bearded seal 1 30/08/2010 20:16:17 -165.094 71.5413 1000 X 0 SW LO OT X 

NOR2010125 
Unidentified 
seal 1 30/08/2010 20:21:19 -165.114 71.5488 200 X 0 DI LO OT X 

GEO2010226 
Unidentified 
seal 2 30/08/2010 20:22:16 -164.27 71.6577 400 677 1 LO LO SH 60 

NOR2010126 Pacific walrus 1 30/08/2010 20:23:59 -165.125 71.553 200 X 0 SW LO OT X 

GEO2010227 
Unidentified 
seal 1 30/08/2010 20:30:02 -164.237 71.6575 100 510 1 SW IS SH 60 

GEO2010228 Bearded seal 1 30/08/2010 20:33:52 -164.22 71.6574 662 802 1 SW NO SH 60 

NOR2010127 
Unidentified 
seal 1 30/08/2010 20:37:26 -165.177 71.5752 600 X 0 SW NO OT X 

GEO2010229 Pacific walrus 2 30/08/2010 20:43:10 -164.18 71.6572 662 1033 1 SW NO SH 60 

NOR2010128 Bearded seal 1 30/08/2010 20:46:38 -165.226 71.5856 417 X 0 SW LO OT X 

TAN2010123 
Unidentified 
seal 1 30/08/2010 20:48:36 -164.031 71.642 50 X 1 LO LO OT X 

TAN2010124 Bearded seal 1 30/08/2010 21:20:20 -163.898 71.6403 30 X 1 LO LO OT X 

GEO2010230 
Unidentified 
pinniped 3 30/08/2010 21:36:07 -163.947 71.6561 2165 2618 1 SW NO SH 60 

GEO2010231 
Unidentified 
seal 1 30/08/2010 21:39:10 -163.933 71.656 662 971 1 SW NO SH 60 

TAN2010126 
Unidentified 
pinniped 1 30/08/2010 22:03:10 -163.696 71.6392 563 X 1 LO NO OT X 

GEO2010232 Pacific walrus 2 30/08/2010 22:13:00 -163.797 71.6553 1725 1666 1 SW NO RU 3000 

GEO2010233 
Unidentified 
pinniped 2 30/08/2010 22:20:30 -163.766 71.6551 2165 2618 1 SW NO RU 3000 

GEO2010234 Bearded seal 1 30/08/2010 22:43:30 -163.665 71.6545 662 971 2 SW NO SH 3000 

TAN2010125 Bearded seal 1 30/08/2010 22:51:15 -163.5 71.6375 685 X 1 LO LO OT X 

GEO2010235 Bearded seal 2 30/08/2010 23:40:23 -163.405 71.6525 782 1082 1 SW NO LS 3000 

NOR2010129 Pacific walrus 20 31/08/2010 05:57:07 -162.666 71.7312 20 X X SW IS OT X 

NOR2010130 Pacific walrus 5 31/08/2010 06:19:20 -162.573 71.759 700 X 1 ST LO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

NOR2010131 Pacific walrus 3 31/08/2010 06:33:17 -162.502 71.7603 40 X 1 SW IS OT X 

NOR2010132 
Unidentified 
seal 1 31/08/2010 07:26:15 -162.379 71.7009 300 X 1 SW IS OT X 

TAN2010127 Ringed seal 1 31/08/2010 07:30:15 -164.683 71.6146 119 X 1 LG LO OT X 

NOR2010133 Pacific walrus 2 31/08/2010 07:39:35 -162.436 71.6783 500 X 1 LO NO OT X 

NOR2010134 Pacific walrus 6 31/08/2010 07:53:06 -162.491 71.6552 300 X 1 LO LO OT X 

GEO2010236 Bearded seal 1 31/08/2010 08:10:10 -164.678 71.6266 100 528 1 SW NO SH 60 

NOR2010135 Pacific walrus 2 31/08/2010 08:14:34 -162.451 71.6167 100 X 1 LO LO OT X 

NOR2010136 Pacific walrus 4 31/08/2010 08:18:06 -162.437 71.611 500 X 1 LO LO OT X 

NOR2010137 Pacific walrus 3 31/08/2010 08:54:02 -162.418 71.5564 600 X 1 LO LO OT X 

NOR2010138 Pacific walrus 2 31/08/2010 09:11:54 -162.511 71.5316 150 X 1 SW NO OT X 

TAN2010128 
Unidentified 
seal 1 31/08/2010 09:20:14 -164.466 71.7069 10 X 1 DI SP OT X 

TAN2010129 Bearded seal 1 31/08/2010 09:31:08 -164.422 71.7085 40 X 1 SW CD OT X 

NOR2010139 Pacific walrus 1 31/08/2010 09:35:34 -162.64 71.5451 600 X 1 ST NO OT X 

GEO2010237 Bearded seal 1 31/08/2010 10:25:21 -164.29 71.6952 100 510 1 SW NO SH 3000 

GEO2010238 Pacific walrus 1 31/08/2010 10:26:10 -164.287 71.6953 662 1106 1 SW IS SH 60 

GEO2010239 Bearded seal 1 31/08/2010 10:44:48 -164.207 71.6949 506 951 1 SW NO SH 60 

GEO2010240 Pacific walrus 2 31/08/2010 11:50:15 -163.979 71.6794 1230 1671 2 SW CD SH 60 

NOR2010140 
Unidentified 
pinniped 1 31/08/2010 12:47:29 -163.74 71.5621 200 X 2 U NO OT X 

TAN2010130 
Unidentified 
seal 1 31/08/2010 13:33:16 -164.287 71.5881 50 X 2 SW NO OT X 

GEO2010241 Bearded seal 1 31/08/2010 17:25:20 -164.403 71.6959 782 604 3 SW NO RU 3000 

GEO2010242 Bearded seal 1 31/08/2010 17:36:30 -164.364 71.6958 1076 1432 3 SW LO RU 3000 

TAN2010131 Bearded seal 1 31/08/2010 18:10:06 -164.116 71.6814 216 X 2 SW NO OT X 

NOR2010141 Pacific walrus 1 31/08/2010 18:10:09 -163.344 71.7367 600 X 2 SW NO OT X 

NOR2010142 Pacific walrus 2 31/08/2010 19:19:47 -162.944 71.7647 300 X 2 SW NO OT X 

NOR2010143 Pacific walrus 2 31/08/2010 20:06:56 -162.689 71.7283 150 X 3 SW NO OT X 

NOR2010144 Pacific walrus 2 31/08/2010 20:17:35 -162.631 71.7421 500 X 3 SW NO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

NOR2010145 Pacific walrus 2 31/08/2010 20:38:53 -162.518 71.7631 100 X 3 SW NO OT X 

TAN2010132 
Unidentified 
pinniped 1 31/08/2010 20:38:55 -163.456 71.674 400 X 2 SW NO OT X 

NOR2010146 Pacific walrus 3 31/08/2010 22:42:23 -162.36 71.5736 259 X 3 LO NO OT X 

GEO2010243 Pacific walrus 1 31/08/2010 22:47:55 -163.018 71.6866 250 681 3 SW NO LS 3000 

NOR2010147 Pacific walrus 1 31/08/2010 23:11:47 -162.508 71.5324 417 X 3 LO NO OT X 

GEO2010244 Bearded seal 1 01/09/2010 08:37:50 -164.589 71.6154 300 698 2 SW IS LS 3000 

TAN2010133 
Unidentified 
seal 1 01/09/2010 09:12:30 -164.877 71.6323 250 X 1 LO NO OT X 

GEO2010245 
Unidentified 
seal 1 01/09/2010 10:25:55 -164.927 71.6678 662 893 2 LO NO SH 60 

NOR2010148 
Unidentified 
pinniped 1 01/09/2010 12:36:30 -165.107 71.5591 50 X 3 U NO OT X 

GEO2010246 Pacific walrus 2 01/09/2010 17:20:40 -163.217 71.6992 3000 1410 2 LO NO LS 3000 

TAN2010134 Pacific walrus 3 01/09/2010 20:32:07 -162.723 71.6093 50 X 2 SW LO OT X 

TAN2010135 
Unidentified 
pinniped 1 01/09/2010 22:14:10 -163.143 71.6223 685 X 2 LO NO OT X 

NOR2010149 Pacific walrus 1 02/09/2010 09:51:21 -162.854 71.571 60 X 3 SW NO OT X 

TAN2010136 Pacific walrus 2 02/09/2010 15:34:19 -162.645 71.6626 300 X 4 SW LO OT X 

TAN2010137 Pacific walrus 1 02/09/2010 16:55:20 -162.794 71.6139 60 X 4 LO NO OT X 

GEO2010247 Bearded seal 1 02/09/2010 19:19:05 -163.229 71.6175 250 617 6 SW LO SH 60 

GEO2010248 Ringed seal 1 02/09/2010 22:58:07 -164.199 71.6251 100 464 3 SW LO LS 3000 

TAN2010138 Pacific walrus 1 03/09/2010 06:24:33 -163.901 71.7029 150 X 2 LO LO OT X 

TAN2010139 
Unidentified 
seal 1 03/09/2010 16:46:21 -163.424 71.5561 50 X 4 LO LO OT X 

GEO2010249 
Unidentified 
seal 1 04/09/2010 12:12:15 -163.319 71.6297 700 1143 6 LO NO RU 3000 

TAN2010140 
Unidentified 
seal 1 04/09/2010 13:39:46 -163.781 71.6537 50 X 4 LO LO OT X 

TAN2010142 Ringed seal 1 05/09/2010 08:16:20 -163.462 71.6508 30 X 2 LO SP OT X 

GEO2010250 Bearded seal 1 05/09/2010 13:34:01 -164.695 71.6428 70 515 3 LO LO LS 3000 

TAN2010141 Bearded seal 1 05/09/2010 13:46:58 -164.796 71.6451 75 X 2 LO LO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

NOR2010150 Bearded seal 1 05/09/2010 14:02:56 -164.36 71.7199 60 X 2 LO LO OT X 

TAN2010147 Gray whale 3 06/09/2010 04:50:00 -166.728 69.3903 685 X X DI NO OT X 

NOR2010151 Pacific walrus 3 06/09/2010 08:24:19 -162.461 71.6523 400 X 3 LO LO OT X 

TAN2010143 

Unidentified 
mysticete 
whale 1 06/09/2010 08:43:35 -167.137 68.7488 298 X 2 BL NO OT X 

TAN2010144 
Unidentified 
whale 1 06/09/2010 09:08:11 -167.156 68.7025 298 X 2 DE NO OT X 

GEO2010251 Pacific walrus 2 06/09/2010 13:42:40 -164.442 71.6581 750 1117 3 LO LO RU 3000 

NOR2010152 Ringed seal 1 06/09/2010 17:42:20 -164.855 71.6202 150 X 3 LO LO OT X 

NOR2010153 Pacific walrus 1 06/09/2010 18:09:43 -164.989 71.6732 70 X 3 DI SP OT X 

GEO2010252 Pacific walrus 1 06/09/2010 20:25:32 -162.787 71.6894 150 603 4 SW LO LS 3000 

NOR2010154 
Unidentified 
seal 1 07/09/2010 11:46:50 -164.155 71.8978 80 X 2 SW NO OT X 

NOR2010155 
Unidentified 
pinniped 1 07/09/2010 14:53:59 -163.007 71.898 150 X 4 DI NO OT X 

NOR2010156 Pacific walrus 2 07/09/2010 16:09:44 -162.638 71.8877 60 X 5 LO NO OT X 

NOR2010157 Pacific walrus 2 07/09/2010 20:38:50 -163.016 71.7578 150 X 5 SW NO OT X 

NOR2010158 Pacific walrus 2 07/09/2010 21:41:28 -163.289 71.7626 100 X 5 LO NO OT X 

NOR2010159 Pacific walrus 2 08/09/2010 09:52:13 -164.53 71.6636 75 X 1 LO CD OT X 

NOR2010160 Ringed seal 1 08/09/2010 10:13:41 -164.426 71.6579 40 X 1 LO NO OT X 

NOR2010161 Bearded seal 1 08/09/2010 10:20:35 -164.394 71.6668 45 X 1 SW NO OT X 

NOR2010162 Bearded seal 1 08/09/2010 10:48:35 -164.266 71.7016 200 X 1 DI NO OT X 

NOR2010163 Bearded seal 1 08/09/2010 12:16:09 -163.842 71.67 320 X 1 LO NO OT X 

NOR2010164 
Unidentified 
seal 1 08/09/2010 12:39:59 -163.766 71.6905 150 X 1 LO NO OT X 

GEO2010253 Bearded seal 1 08/09/2010 13:08:38 -162.967 71.8422 782 1225 2 SW NO LS 3000 

GEO2010254 Pacific walrus 2 08/09/2010 13:08:38 -162.967 71.8422 1725 2165 2 SW NO LS 3000 

NOR2010165 
Unidentified 
seal 1 08/09/2010 13:22:10 -163.613 71.6982 100 X 1 LO NO OT X 

NOR2010166 Pacific walrus 1 08/09/2010 13:30:45 -163.578 71.6892 400 X 1 SW NO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 
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(°N) 

Initial 
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Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
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Array 
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(in3) 

GEO2010255 
Unidentified 
seal 1 08/09/2010 13:37:29 -162.843 71.841 1230 1671 1 LO LO LS 3000 

GEO2010256 
Unidentified 
seal 1 08/09/2010 13:47:00 -162.801 71.8404 782 1148 1 DI NO LS 3000 

NOR2010167 
Unidentified 
seal 1 08/09/2010 13:53:31 -163.485 71.6678 150 X 1 DI NO OT X 

NOR2010168 Pacific walrus 2 08/09/2010 13:57:15 -163.47 71.6643 400 X 1 SW NO OT X 

GEO2010257 Pacific walrus 2 08/09/2010 14:03:50 -162.728 71.8395 1725 2070 1 SW NO LS 3000 

GEO2010258 Bearded seal 1 08/09/2010 14:05:42 -162.72 71.8394 574 1018 1 SW LO LS 3000 

GEO2010259 
Unidentified 
seal 1 08/09/2010 14:16:55 -162.67 71.8388 100 542 1 SW SP LS 3000 

GEO2010260 
Unidentified 
pinniped 2 08/09/2010 14:30:27 -162.61 71.8381 2913 3313 1 SW NO LS 3000 

NOR2010169 Bearded seal 1 08/09/2010 14:46:34 -163.285 71.6716 450 X 2 LO NO OT X 

GEO2010261 
Unidentified 
pinniped 2 08/09/2010 15:08:32 -162.476 71.8209 2913 3352 1 SW NO SH 60 

GEO2010262 Pacific walrus 4 08/09/2010 15:15:34 -162.461 71.8138 956 1398 1 SW NO SH 60 

GEO2010263 Pacific walrus 2 08/09/2010 15:19:59 -162.454 71.8089 1725 2178 1 SW NO SH 60 

GEO2010264 
Unidentified 
seal 1 08/09/2010 15:30:58 -162.445 71.7957 782 1148 1 SW NO SH 60 

GEO2010265 Pacific walrus 2 08/09/2010 15:30:58 -162.445 71.7957 1725 2129 1 SW NO SH 60 

NOR2010170 Bearded seal 1 08/09/2010 15:37:55 -163.106 71.7025 400 X 2 LO NO OT X 

GEO2010266 Pacific walrus 2 08/09/2010 15:46:10 -162.454 71.7772 1436 1785 1 LO NO SH 60 

GEO2010267 Pacific walrus 1 08/09/2010 17:27:18 -162.829 71.7383 1436 1889 2 SW LO SH 3000 

GEO2010268 Pacific walrus 1 08/09/2010 17:29:00 -162.837 71.7383 2913 3313 2 LO NO SH 3000 

NOR2010171 
Unidentified 
pinniped 1 08/09/2010 17:49:06 -162.61 71.7087 75 X 2 DI NO OT X 

GEO2010269 
Unidentified 
pinniped 1 09/09/2010 07:40:06 -163.388 71.8514 1500 1941 2 SW NO LS 3000 

NOR2010172 
Unidentified 
pinniped 1 09/09/2010 07:53:55 -162.248 71.8906 700 X 1 LO NO OT X 

NOR2010173 Bearded seal 2 09/09/2010 07:56:51 -162.262 71.8953 150 X 1 LO LO OT X 

NOR2010174 Ringed seal 1 09/09/2010 08:13:40 -162.344 71.9221 50 X 1 LO LO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 
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NOR2010175 Ringed seal 1 09/09/2010 08:36:29 -162.453 71.9191 218 X 1 SA SP OT X 

NOR2010176 Pacific walrus 5 09/09/2010 08:54:44 -162.533 71.8907 600 X 1 LO LO OT X 

NOR2010177 Pacific walrus 2 09/09/2010 10:18:09 -162.935 71.9136 500 X 1 SW NO OT X 

GEO2010270 Pacific walrus 2 09/09/2010 10:20:40 -162.658 71.8437 50 497 2 SW LO LS 3000 

NOR2010178 Pacific walrus 2 09/09/2010 10:34:26 -163.026 71.8921 417 X 1 SW NO OT X 

GEO2010271 
Unidentified 
seal 1 09/09/2010 10:37:09 -162.591 71.8432 400 788 2 SW NO SH 60 

GEO2010272 Ringed seal 1 09/09/2010 10:51:18 -162.537 71.8435 200 495 2 LO LO SH 60 

GEO2010273 Bearded seal 1 09/09/2010 11:27:07 -162.42 71.8219 400 824 1 SW NO SH 60 

NOR2010179 Bearded seal 1 09/09/2010 12:11:13 -163.549 71.9069 417 X 1 LO NO OT X 

NOR2010180 Pacific walrus 2 09/09/2010 12:31:02 -163.662 71.8814 150 X 1 SW LO OT X 

GEO2010274 
Unidentified 
seal 1 09/09/2010 12:52:45 -162.559 71.7509 300 728 1 SW NO SH 60 

GEO2010275 Pacific walrus 5 09/09/2010 12:57:21 -162.578 71.7494 453 875 1 SW LO SH 60 

GEO2010276 
Unidentified 
seal 1 09/09/2010 13:05:40 -162.612 71.7465 750 1164 2 DI NO SH 60 

NOR2010181 Pacific walrus 1 09/09/2010 13:44:59 -164.064 71.9199 362 X 1 SW NO OT X 

GEO2010277 
Unidentified 
seal 1 09/09/2010 13:47:20 -162.756 71.7427 1000 1442 1 LO NO RU 3000 

NOR2010182 Pacific walrus 17 09/09/2010 14:03:23 -164.17 71.8946 769 X 1 LO NO OT X 

GEO2010278 Pacific walrus 5 09/09/2010 14:06:15 -162.823 71.7437 500 880 2 SW LO SH 3000 

NOR2010183 Bearded seal 1 09/09/2010 14:09:56 -164.209 71.8861 50 X 1 LO NO OT X 
NOR2010184
a Ringed seal 1 09/09/2010 14:20:38 -164.272 71.8848 65 X 1 LO X OT X 
NOR2010184
b Bearded seal 1 09/09/2010 14:20:38 -164.272 71.8848 65 X 1 LO X OT X 

NOR2010185 Pacific walrus 2 09/09/2010 14:25:27 -164.295 71.8921 300 X 1 ST CD OT X 

NOR2010186 Bearded seal 1 09/09/2010 14:29:22 -164.313 71.8979 600 X 1 LO LO OT X 

NOR2010187 Bearded seal 1 09/09/2010 14:38:23 -164.354 71.911 30 X 1 LO LO OT X 

NOR2010188 Bearded seal 1 09/09/2010 14:45:03 -164.386 71.9208 100 X 1 LO LO OT X 

NOR2010189 Bearded seal 1 09/09/2010 14:55:43 -164.438 71.9362 250 X 1 LO LO OT X 



Appendix I:  Marine Mammal Detections  I-23 

Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 
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GEO2010279 
Unidentified 
seal 1 09/09/2010 14:56:36 -163.047 71.7462 453 898 2 SW NO RU 3000 

GEO2010280 Pacific walrus 7 09/09/2010 15:00:00 -163.063 71.7465 1725 2129 2 SW NO RU 3000 

GEO2010281 Bearded seal 1 09/09/2010 15:08:10 -163.101 71.7468 662 802 1 SW NO LS 3000 

GEO2010282 
Unidentified 
seal 1 09/09/2010 15:31:44 -163.208 71.7477 2913 3062 2 LO NO LS 3000 

NOR2010190 Bearded seal 1 09/09/2010 15:32:08 -164.616 71.9109 417 X 1 LO LO OT X 

GEO2010283 Pacific walrus 2 09/09/2010 15:38:19 -163.238 71.7482 2165 2567 2 LO CD LS 3000 

GEO2010284 
Unidentified 
seal 1 09/09/2010 15:53:30 -163.306 71.7489 3534 3677 2 LO NO LS 3000 

GEO2010285 Pacific walrus 2 09/09/2010 15:54:00 -163.309 71.7488 300 698 2 SW CD LS 3000 

GEO2010286 Ringed seal 2 09/09/2010 16:08:57 -163.377 71.7495 782 1196 1 SW NO SH 60 

GEO2010288 Pacific walrus 2 09/09/2010 16:18:44 -163.416 71.7497 345 791 1 SW NO SH 60 

GEO2010287 
Unidentified 
seal 1 09/09/2010 16:22:00 -163.428 71.7498 1000 1410 1 SW NO SH 60 

NOR2010191 
Unidentified 
seal 1 09/09/2010 16:30:06 -164.862 71.9433 450 X 1 SA SP OT X 

GEO2010289 
Unidentified 
seal 2 09/09/2010 16:34:58 -163.476 71.7502 782 1235 2 SW NO SH 60 

GEO2010290 Pacific walrus 2 09/09/2010 16:41:50 -163.502 71.7504 2913 3249 2 LO NO SH 60 

NOR2010192 Bearded seal 1 09/09/2010 16:42:38 -164.91 71.9492 200 X 1 SW LO OT X 

GEO2010291 Pacific walrus 8 09/09/2010 16:51:39 -163.539 71.7507 1436 1785 2 SW CD SH 60 

GEO2010292 Pacific walrus 2 09/09/2010 16:58:00 -163.562 71.7509 3000 3034 2 LO NO SH 60 

GEO2010293 Pacific walrus 4 09/09/2010 17:04:10 -163.585 71.751 2913 2165 1 LO NO SH 60 

GEO2010294 Ringed seal 1 09/09/2010 17:05:00 -163.589 71.751 250 517 1 SW LO SH 60 

GEO2010295 Bearded seal 1 09/09/2010 18:11:25 -163.836 71.7525 700 1006 1 SW LO RU 3000 

GEO2010296 Pacific walrus 2 09/09/2010 18:40:30 -163.957 71.7533 1725 2165 2 SW NO LS 3000 

GEO2010297 Pacific walrus 2 09/09/2010 22:29:50 -164.787 71.8179 956 1398 2 SW NO SH 60 

GEO2010298 Pacific walrus 1 10/09/2010 06:43:30 -162.773 71.8506 500 825 1 LO LO LS 3000 

GEO2010299 Pacific walrus 1 10/09/2010 09:10:10 -162.669 71.7474 1000 1410 2 SW CD RU 3000 

GEO2010300 Pacific walrus 1 10/09/2010 09:29:30 -162.742 71.7479 2000 2440 2 SW NO SH 60 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 
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GEO2010301 Pacific walrus 5 10/09/2010 10:22:33 -162.943 71.7502 800 1213 2 SW NO SH 3000 

GEO2010302 
Unidentified 
pinniped 1 10/09/2010 10:49:26 -163.063 71.7515 1725 1893 2 SW NO LS 3000 

NOR2010193 Pacific walrus 2 10/09/2010 11:27:02 -163.148 71.7061 250 X 2 SW NO OT X 

NOR2010194 Pacific walrus 1 10/09/2010 11:55:20 -163.003 71.6693 35 X 2 SW CD OT X 

NOR2010195 Pacific walrus 1 10/09/2010 12:39:24 -162.86 71.5787 80 X 2 SW NO OT X 

NOR2010196 
Unidentified 
pinniped 1 10/09/2010 12:51:10 -162.855 71.5475 90 X 2 U NO OT X 

GEO2010303 
Unidentified 
seal 1 10/09/2010 13:08:25 -163.68 71.7571 662 1106 3 SW NO LS 3000 

NOR2010197 Pacific walrus 3 10/09/2010 15:29:34 -162.405 71.6329 75 X 2 SW IS OT X 

NOR2010198 
Unidentified 
pinniped 1 10/09/2010 17:10:51 -162.265 71.8078 50 X 2 DI NO OT X 

GEO2010304 
Unidentified 
pinniped 2 10/09/2010 17:12:26 -164.758 71.7714 400 824 3 SW NO SH 60 

TAN2010153 Bearded seal 1 10/09/2010 21:07:06 -164.488 71.6781 40 X 2 SW NO OT X 

NOR2010199 Pacific walrus 2 10/09/2010 22:45:22 -163.331 71.9312 50 X 3 LO NO OT X 

GEO2010305 Pacific walrus 2 11/09/2010 11:09:45 -164.275 71.7652 100 542 2 SW NO LS 3000 

NOR2010200 Bearded seal 1 11/09/2010 12:18:38 -164.771 71.8474 100 X 3 LO LO OT X 

GEO2010306 Ringed seal 1 11/09/2010 13:16:02 -164.761 71.7788 100 542 3 SW CD SH 60 

GEO2010307 Pacific walrus 1 11/09/2010 18:19:12 -163.776 71.8702 200 579 4 SW LO LS 3000 

GEO2010308 Bearded seal 1 12/09/2010 18:34:00 -162.899 71.8682 40 454 4 DI NO LS 3000 

NOR2010201 
Unidentified 
pinniped 1 13/09/2010 20:24:10 -162.334 71.9366 25 X 4 DI NO OT X 

NOR2010202 Pacific walrus 2 14/09/2010 10:22:20 -162.895 71.6667 362 X 2 SW CD OT X 

GEO2010309 Pacific walrus 1 14/09/2010 14:37:17 -162.362 71.8169 40 488 2 SW NO SH 60 

GEO2010310 
Unidentified 
pinniped 1 14/09/2010 14:52:58 -162.391 71.8001 574 992 2 SW NO SH 60 

NOR2010203 
Unidentified 
seal 1 14/09/2010 15:08:44 -164.364 71.7457 60 X 2 TH IS OT X 

NOR2010204 
Unidentified 
seal 1 14/09/2010 15:55:43 -164.497 71.6796 150 X 2 LO LO OT X 

GEO2010311 Pacific walrus 2 14/09/2010 18:46:20 -163.319 71.7812 662 747 3 LO LO LS 3000 
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GEO2010312 
Unidentified 
seal 1 14/09/2010 19:15:08 -163.439 71.7822 200 579 2 SW LO SH 60 

TAN2010155 Ringed seal 1 15/09/2010 11:06:48 -163.533 71.3493 100 X 3 LO LO OT X 

TAN2010156 
Unidentified 
seal 1 15/09/2010 11:14:56 -163.483 71.3705 200 X 3 LO LO OT X 

TAN2010157 Bearded seal 1 15/09/2010 11:23:31 -163.43 71.3929 250 X 3 LO LO OT X 

GEO2010313 Unknown 1 15/09/2010 11:59:02 -162.308 71.8164 200 634 3 DI NO SH 60 

NOR2010205 Ringed seal 1 15/09/2010 16:58:18 -163.497 71.5058 40 X 3 LO SP OT X 

TAN2010158 Spotted seal 1 16/09/2010 09:07:50 -162.157 71.9144 60 X 2 SW LO OT X 

TAN2010159 
Unidentified 
seal 1 16/09/2010 09:35:41 -162.271 71.8506 150 X 2 LO LO OT X 

NOR2010206 Bearded seal 1 16/09/2010 10:10:48 -166.565 69.4062 150 X 3 LO LO OT X 

GEO2010314 

Unidentified 
mysticete 
whale 1 16/09/2010 11:48:50 -163.209 71.791 1400 1853 3 BL NO LS 3000 

GEO2010315 Pacific walrus 3 16/09/2010 12:34:10 -163.408 71.7927 300 656 4 DI LO LS 3000 

TAN2010160 Bearded seal 1 16/09/2010 14:14:00 -163.486 71.7039 200 X 3 SW LO OT X 

GEO2010316 Ringed seal 1 16/09/2010 16:27:29 -164.355 71.7981 200 634 4 SW LO LS 3000 

GEO2010317 Bearded seal 1 16/09/2010 21:15:50 -164.346 71.9053 40 488 3 SW LO SH 3000 

GEO2010318 Bearded seal 1 17/09/2010 08:09:23 -163.107 71.7955 662 1078 2 SW NO LS 3000 

TAN2010161 
Unidentified 
seal 2 17/09/2010 08:32:50 -163.247 71.7911 225 X 1 SW LO OT X 

GEO2010319 Bearded seal 1 17/09/2010 09:29:42 -163.463 71.7984 50 430 2 SW LO LS 3000 

TAN2010162 
Unidentified 
seal 1 17/09/2010 09:52:30 -163.723 71.8099 60 X 1 SA LO OT X 

TAN2010163 Bearded seal 1 17/09/2010 09:54:30 -163.74 71.8111 250 X 1 LO LO OT X 

TAN2010164 
Unidentified 
seal 1 17/09/2010 14:16:24 -164.111 71.959 50 X 2 SW NO OT X 

TAN2010165 Pacific walrus 1 17/09/2010 14:55:00 -164.435 71.8985 298 X 2 SW NO OT X 

GEO2010320 Ringed seal 1 17/09/2010 18:05:10 -164.214 71.9102 80 498 3 SW NO LS 3000 

TAN2010166 

Unidentified 
mysticete 
whale 1 17/09/2010 20:42:10 -162.902 71.9678 1217 X 2 SW NO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

TAN2010167 
Unidentified 
seal 1 17/09/2010 21:44:00 -162.666 71.9088 75 X 2 RE IS OT X 

TAN2010168 
Unidentified 
seal 1 18/09/2010 09:21:06 -164.337 71.8167 100 X 3 SW NO OT X 

TAN2010169 Pacific walrus 1 18/09/2010 17:36:30 -163.215 71.8589 250 X 4 ST LO OT X 

TAN2010170 
Unidentified 
seal 1 18/09/2010 18:59:25 -162.48 71.8434 216 X 3 LO LO OT X 

TAN2010171 
Unidentified 
seal 1 18/09/2010 19:16:00 -162.336 71.8332 200 X 3 LO LO OT X 

TAN2010172 
Unidentified 
pinniped 1 18/09/2010 21:00:58 -162.547 71.7103 20 X 3 DI NO OT X 

TAN2010173 
Unidentified 
seal 1 19/09/2010 08:50:23 -164.151 71.8885 298 X 2 LO LO OT X 

TAN2010174 
Unidentified 
seal 1 19/09/2010 09:39:50 -163.771 71.8147 25 X 2 LO LO OT X 

TAN2010175 
Unidentified 
seal 1 19/09/2010 10:26:45 -163.822 71.7362 250 X 2 LO LO OT X 

TAN2010176 Bearded seal 1 19/09/2010 11:39:33 -164.272 71.7665 170 X 2 LO LO OT X 

TAN2010177 Bearded seal 1 19/09/2010 12:24:11 -164.102 71.7817 250 X 2 LO LO OT X 

GEO2010321 Bearded seal 1 19/09/2010 12:52:54 -163.218 71.9147 300 747 3 SW NO LS 3000 

TAN2010178 
Unidentified 
seal 1 19/09/2010 13:46:00 -163.429 71.8475 153 X 2 SW LO OT X 

TAN2010179 
Unidentified 
seal 1 19/09/2010 13:51:05 -163.389 71.8547 20 X 2 SW NO OT X 

TAN2010180 Bearded seal 1 19/09/2010 13:56:07 -163.349 71.862 60 X 2 LO LO OT X 

GEO2010322 
Unidentified 
seal 4 19/09/2010 14:33:40 -162.803 71.9104 200 653 2 SW NO LS 3000 

TAN2010181 
Unidentified 
seal 1 19/09/2010 15:07:00 -162.849 71.897 216 X 2 SW LO OT X 

GEO2010323 Pacific walrus 1 19/09/2010 15:40:36 -162.542 71.8963 1230 1671 3 SW NO SH 60 

GEO2010324 Ringed seal 1 19/09/2010 15:46:54 -162.517 71.8942 410 855 3 SW NO SH 60 

GEO2010325 Ringed seal 1 19/09/2010 17:07:38 -162.432 71.8193 662 656 2 LO NO SH 60 

TAN2010182 Bearded seal 1 19/09/2010 17:24:20 -163.053 71.8437 250 X 2 SW SP OT X 

GEO2010326 Bearded seal 1 19/09/2010 18:31:57 -162.775 71.8078 100 542 2 SW IS LS 3000 

GEO2010327 Bearded seal 1 19/09/2010 18:49:37 -162.853 71.8085 150 477 2 MI NO LS 3000 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

GEO2010328 Bearded seal 2 19/09/2010 18:55:35 -162.879 71.8088 100 528 2 SW NO LS 3000 

GEO2010329 

Unidentified 
mysticete 
whale 1 19/09/2010 19:26:02 -163.011 71.8103 4518 4971 3 BL NO LS 3000 

GEO2010330 

Unidentified 
mysticete 
whale 1 19/09/2010 19:50:10 -163.113 71.8114 4518 4915 3 BL NO LS 3000 

TAN2010183 
Unidentified 
seal 1 20/09/2010 09:43:05 -162.487 71.8811 75 X 3 LO LO OT X 

TAN2010184 Bearded seal 1 20/09/2010 10:50:14 -162.237 71.9837 170 X 3 LO LO OT X 

TAN2010185 
Unidentified 
seal 1 20/09/2010 11:57:31 -162.663 71.9874 478 X 3 SW NO OT X 

TAN2010186 Ringed seal 1 20/09/2010 12:04:03 -162.703 72.0007 250 X 3 LO LO OT X 

TAN2010187 Pacific walrus 2 20/09/2010 12:50:03 -163.012 71.994 250 X 3 LO LO OT X 

GEO2010331 
Unidentified 
pinniped 1 20/09/2010 14:21:30 -163.039 71.8161 782 1082 4 SW NO LS 3000 

TAN2010188 
Unidentified 
seal 1 20/09/2010 16:32:35 -164.533 72.0147 25 X 4 LO LO OT X 

GEO2010332 Bearded seal 1 21/09/2010 08:13:19 -162.611 71.8163 100 542 5 SW LO RU 3000 

TAN2010189 
Unidentified 
seal 1 21/09/2010 08:47:20 -162.484 71.8395 75 X 3 LO LO OT X 

GEO2010333 
Unidentified 
seal 1 21/09/2010 08:56:30 -162.804 71.8186 150 569 5 LO LO LS 3000 

GEO2010334 Bearded seal 1 21/09/2010 09:01:45 -162.828 71.819 300 753 5 SW LO LS 3000 

TAN2010190 
Unidentified 
seal 1 21/09/2010 12:00:51 -162.798 71.6562 298 X 4 LO LO OT X 

TAN2010191 Ringed seal 2 21/09/2010 12:51:35 -162.888 71.6482 50 X 3 LO LO OT X 

TAN2010192 Bearded seal 1 21/09/2010 17:20:15 -163.276 71.817 200 X 5 LO LO OT X 

TAN2010193 Pacific walrus 2 21/09/2010 19:00:10 -163.434 71.9414 250 X 5 LO LO OT X 

TAN2010194 Bearded seal 1 21/09/2010 20:02:10 -163.437 71.7966 100 X 5 SW NO OT X 

TAN2010195 
Unidentified 
seal 1 22/09/2010 09:25:45 -163.76 71.8259 153 X 5 LO LO OT X 

TAN2010196 
Unidentified 
seal 1 22/09/2010 09:59:02 -163.818 71.9131 50 X 5 LO LO OT X 

GEO2010335 Bearded seal 1 22/09/2010 12:04:55 -164.844 71.7874 300 753 5 LO LO SH 60 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
Volume 

(in3) 

TAN2010197 Bearded seal 1 22/09/2010 14:32:00 -164.416 71.7015 50 X 5 SW NO OT X 

TAN2010198 
Unidentified 
seal 1 23/09/2010 09:34:50 -164.9 71.5821 179 X 5 LO LO OT X 

TAN2010199 Bearded seal 1 23/09/2010 17:57:23 -164.395 71.5476 30 X 5 SW NO OT X 

TAN2010200 Bearded seal 1 23/09/2010 20:28:30 -164.816 71.5079 50 X 4 LO LO OT X 

NOR2010227 Pacific walrus 2 24/09/2010 12:21:22 -162.036 71.3004 300 X 2 SW NO OT X 

TAN2010201 Bearded seal 1 24/09/2010 12:34:45 -165.056 71.443 367 X 4 SW NO OT X 

NOR2010228 Bearded seal 1 24/09/2010 13:06:47 -161.774 71.208 65 X 2 LO LO OT X 

NOR2010229 
Unidentified 
seal 1 24/09/2010 15:29:08 -160.923 70.9218 50 X 4 LO CD OT X 

NOR2010230 Bearded seal 2 24/09/2010 15:50:29 -160.802 70.8792 15 X 4 LO LO OT X 

NOR2010231 Gray whale 3 24/09/2010 15:59:48 -160.747 70.8603 800 X 4 SW NO OT X 

NOR2010232 
Unidentified 
seal 1 24/09/2010 18:20:14 -160.154 70.6275 50 X 5 SW NO OT X 

TAN2010202 
Unidentified 
seal 1 26/09/2010 11:07:50 -166.113 72.3088 298 X 4 LO LO OT X 

TAN2010203 
Unidentified 
seal 1 26/09/2010 13:09:00 -165.752 72.0433 100 X 4 SW LO OT X 

TAN2010204 
Unidentified 
seal 1 26/09/2010 16:00:45 -164.893 71.8252 30 X 4 LO LO OT X 

TAN2010205 Spotted seal 1 26/09/2010 17:04:55 -164.736 71.694 40 X 4 LO LO OT X 

GEO2010336 
Unidentified 
seal 1 28/09/2010 17:26:49 -165.093 71.5018 300 543 4 LO LO SH 60 

GEO2010337 
Unidentified 
seal 1 28/09/2010 19:37:58 -164.622 71.5403 782 1225 5 SW NO LS 3000 

TAN2010206 
Unidentified 
seal 1 28/09/2010 20:01:36 -164.452 71.5377 50 X 4 LO LO OT X 

TAN2010207 Bearded seal 1 29/09/2010 11:58:57 -162.775 71.2532 298 X 3 LO LO OT X 

TAN2010208 Pacific walrus 2 29/09/2010 12:21:03 -162.711 71.2271 200 X 3 SW SP OT X 

TAN2010209 Bearded seal 1 29/09/2010 14:16:00 -162.878 71.0757 100 X 3 SW LO OT X 

TAN2010210 Bearded seal 1 29/09/2010 16:21:19 -162.324 71.0255 55 X 2 SW LO OT X 

TAN2010211 
Unidentified 
seal 1 29/09/2010 16:31:45 -162.348 71.005 128 X 2 LO LO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 

Lat 
(°N) 

Initial 
Sighting 

Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 

Rxn to 
Vesselg 

Vessel 
Activityh 

Array 
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(in3) 

TAN2010212 

Unidentified 
mysticete 
whale 1 29/09/2010 19:52:00 -161.818 70.9485 1217 X 2 SW NO OT X 

NOR2010233 
Unidentified 
seal 1 30/09/2010 13:27:15 -162.299 71.222 150 X 2 LO LO OT X 

TAN2010213 
Unidentified 
seal 1 30/09/2010 13:58:42 -163.245 71.3409 190 X 2 SW LO OT X 

NOR2010234 

Unidentified 
mysticete 
whale 2 30/09/2010 13:59:23 -162.087 71.1661 8000 X 1 BL NO OT X 

NOR2010235 Bearded seal 1 30/09/2010 14:01:50 -162.071 71.1619 80 X 1 LO IS OT X 

NOR2010236 
Unidentified 
seal 1 30/09/2010 14:10:08 -162.017 71.1472 100 X 1 LO LO OT X 

NOR2010237 
Unidentified 
seal 1 30/09/2010 14:25:47 -161.913 71.1206 200 X 1 LO LO OT X 

NOR2010238 
Unidentified 
seal 1 30/09/2010 14:36:33 -161.842 71.1029 100 X 1 LO NO OT X 

NOR2010239 
Unidentified 
seal 1 30/09/2010 14:43:32 -161.797 71.091 50 X 1 LO LO OT X 

NOR2010240 

Unidentified 
mysticete 
whale 1 30/09/2010 14:56:51 -161.711 71.068 400 X 1 BL NO OT X 

GEO2010338 Bearded seal 1 30/09/2010 14:59:28 -163.3 71.2855 782 833 2 LO LO LS 3000 

NOR2010241 
Unidentified 
seal 1 30/09/2010 15:03:10 -161.67 71.0568 75 X 1 DI NO OT X 

GEO2010339 Pacific walrus 1 30/09/2010 15:12:40 -163.266 71.2735 1436 1708 2 LO NO LS 3000 

NOR2010242 
Bowhead 
whale 2 30/09/2010 15:16:04 -161.586 71.0346 500 X 1 BL NO OT X 

NOR2010243 
Bowhead 
whale 1 30/09/2010 15:32:52 -161.488 71.0086 150 X 1 LG IS OT X 

NOR2010244 
Bowhead 
whale 1 30/09/2010 15:38:59 -161.451 70.9986 1785 X 1 BL NO OT X 

GEO2010340 
Unidentified 
seal 1 30/09/2010 15:40:19 -163.192 71.2484 506 886 2 SW NO SH 60 

NOR2010245 
Unidentified 
seal 1 30/09/2010 16:00:01 -161.316 70.9618 100 X 1 LO SP OT X 

NOR2010246 Bearded seal 1 30/09/2010 16:02:21 -161.301 70.9577 100 X 1 LO NO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
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(°W) 
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Vesselg 

Vessel 
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TAN2010214 Bearded seal 1 30/09/2010 16:06:40 -163.027 71.2035 216 X 2 RE LO OT X 

GEO2010341 
Unidentified 
seal 1 30/09/2010 16:09:16 -163.116 71.2224 662 971 2 LO LO RU 3000 

TAN2010215 
Unidentified 
seal 1 30/09/2010 16:37:50 -162.937 71.1753 298 X 2 SW LO OT X 

NOR2010247 
Bowhead 
whale 1 30/09/2010 17:09:30 -160.865 70.8436 1072 X 2 BL NO OT X 

NOR2010248 
Bowhead 
whale 1 30/09/2010 17:15:12 -160.833 70.8354 100 X 2 BL NO OT X 

GEO2010342 
Unidentified 
seal 1 30/09/2010 17:46:28 -162.863 71.1348 717 1132 1 LO LO LS 3000 

TAN2010216 
Unidentified 
seal 1 30/09/2010 18:04:25 -162.687 71.0984 40 X 1 SW LO OT X 

GEO2010343 Bearded seal 1 30/09/2010 18:09:55 -162.804 71.1136 506 951 2 SW NO LS 3000 

TAN2010217 Pacific walrus 3 30/09/2010 18:17:30 -162.649 71.0859 200 X 1 ST NO OT X 

GEO2010344 Pacific walrus 3 30/09/2010 18:22:00 -162.774 71.103 2206 1311 2 SW NO LS 3000 

GEO2010345 

Unidentified 
mysticete 
whale 1 30/09/2010 18:45:57 -162.708 71.0836 8000 8326 2 BL NO SH 60 

GEO2010346 Bearded seal 1 30/09/2010 18:53:28 -162.683 71.0799 1043 1496 2 LO LO SH 60 

GEO2010347 
Unidentified 
seal 1 30/09/2010 19:02:21 -162.651 71.0762 1984 2245 1 LO LO SH 60 

GEO2010348 
Unidentified 
seal 1 30/09/2010 19:06:13 -162.638 71.0746 1101 1294 1 SW NO SH 60 

GEO2010349 Ringed seal 1 30/09/2010 19:18:30 -162.595 71.0694 1366 1807 1 LO LO SH 60 

GEO2010350 

Unidentified 
mysticete 
whale 1 30/09/2010 19:23:06 -162.579 71.067 9469 9864 1 BL NO SH 60 

TAN2010218 Bearded seal 2 30/09/2010 19:26:08 -162.445 71.0643 298 X 1 SW LO OT X 

TAN2010219 Bearded seal 1 30/09/2010 19:42:00 -162.391 71.0575 250 X 1 LO LO OT X 

NOR2010249 Pacific walrus 1 30/09/2010 19:48:26 -160.151 70.6227 800 X 1 LO NO OT X 

TAN2010220 
Unidentified 
seal 1 30/09/2010 20:10:00 -162.362 71.0219 367 X 1 SW NO OT X 

TAN2010221 Pacific walrus 3 30/09/2010 20:21:36 -162.378 70.9926 298 X 1 SW NO OT X 

TAN2010222 
Unidentified 
pinniped 1 30/09/2010 20:22:18 -162.379 70.9908 250 X 1 SW LO OT X 
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Table I.1 (cont).  All marine mammal detections during Statoil’s seismic survey in the Chukchi Sea, 11 Aug – 4 Oct 2010. 

 

Sighting IDa Species No.b Date (AKDT) 
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(°W) 
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Dist.c 
(m) 

CPAd 
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Array 
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TAN2010223 
Unidentified 
seal 1 30/09/2010 20:37:00 -162.437 70.9589 298 X 1 SW LO OT X 

GEO2010351 Bearded seal 1 30/09/2010 20:47:51 -162.55 70.9796 410 833 1 SW LO SH 60 

NOR2010250 
Unidentified 
seal 1 30/09/2010 20:47:58 -160.326 70.7494 218 X 2 LO NO OT X 

TAN2010224 Bearded seal 1 30/09/2010 20:50:00 -162.514 70.9369 75 X 1 SW LO OT X 

NOR2010251 
Unidentified 
pinniped 2 01/10/2010 09:34:27 -162.86 71.2126 200 X 2 U NO OT X 

GEO2010352 Bearded seal 1 01/10/2010 10:32:52 -164.912 71.3198 375 821 2 SW NO RC X 

NOR2010252 Bearded seal 1 01/10/2010 10:47:17 -163.203 71.1852 100 X 1 LO LO OT X 

GEO2010353 
Unidentified 
seal 1 01/10/2010 11:26:28 -165.098 71.3157 860 1303 2 SI NO RC X 

TAN2010225 Bearded seal 1 01/10/2010 11:50:47 -165.255 71.3334 250 X 1 RE LO OT X 

GEO2010354 Ringed seal 1 01/10/2010 11:50:52 -165.173 71.313 956 1246 2 LO LO RC X 

NOR2010253 
Unidentified 
seal 1 01/10/2010 11:54:14 -163.314 71.2428 320 X 1 LO NO OT X 

NOR2010254 
Unidentified 
seal 1 01/10/2010 12:41:31 -163.306 71.3095 300 X 1 LO NO OT X 

NOR2010255 
Unidentified 
seal 1 01/10/2010 13:21:57 -163.3 71.3665 300 X 1 LO NO OT X 

GEO2010355 Bearded seal 1 01/10/2010 13:27:40 -165.488 71.3046 400 824 2 SW NO RC X 

GEO2010356 Bearded seal 1 01/10/2010 13:43:19 -165.538 71.3031 200 634 2 SW NO RC X 

NOR2010256 
Unidentified 
seal 1 01/10/2010 14:22:15 -163.299 71.4496 200 X 2 LO NO OT X 

GEO2010357 
Unidentified 
pinniped 1 01/10/2010 14:55:18 -165.771 71.2956 453 719 2 LO LO RC X 

GEO2010358 Bearded seal 1 01/10/2010 15:02:36 -165.794 71.2952 1076 1432 2 SI NO RC X 

TAN2010226 
Unidentified 
pinniped 1 01/10/2010 15:41:00 -165.881 71.3261 600 X 1 SW NO OT X 

NOR2010257 
Unidentified 
seal 1 01/10/2010 15:54:52 -163.283 71.5804 400 X 2 LO LO OT X 

NOR2010258 Bearded seal 1 01/10/2010 16:17:35 -163.277 71.614 50 X 2 LO LO OT X 

NOR2010259 Spotted seal 1 01/10/2010 17:23:16 -163.268 71.7106 80 X 2 LO LO OT X 

TAN2010227 
Unidentified 
seal 1 01/10/2010 17:56:41 -166.407 71.3052 298 X 1 SW LO OT X 
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Sighting IDa Species No.b Date (AKDT) 
Long 
(°W) 
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(°N) 
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Dist.c 
(m) 

CPAd 
(m) Bfe Behav,f 
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Vesselg 

Vessel 
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Array 
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(in3) 

GEO2010359 
Unidentified 
pinniped 1 01/10/2010 19:07:46 -166.596 71.2391 1436 1614 2 SW NO RC X 

NOR2010260 Pacific walrus 2 03/10/2010 12:26:18 -166.18 70.3522 200 X 4 LO NO OT X 
a Sighting ID = Vessel name, year (2010) and sequential number given to sighting by MMOs.  GEO = Geo Celtic, NOR = Norseman I, TAN = Tanux I.  Sightings which occurred during 
transit are not included. 
b No. = Number of individual marine mammals observed during sighting. 
c Initial Sighting Dist. = Initial sighting distance (m) of marine mammal(s) from the MMOs when initially detected. 
d CPA = Closest Point of Approach of the marine mammal(s) to the airgun array. 
e Bf = Beaufort Wind Force (see Appendix F for definitions).
f Behav. = Initial behavior of marine mammal(s) observed by MMOs.  Codes:  BL = Blow; DI = Dive; LG = Logging; LO = Look; MI = Milling; RE = Resting; SA = Surface Active; SI = 
Sink; ST = Surface Active-Travel; SW = Swim; TH = Thrash; U = Unknown. 
g Rxn to Vessel = Reaction of marine mammal(s) to vessel observed by MMOs.  Codes:  CD = Change in Direction; IS = Increase in Speed; LO = Look at Vessel; NO = No reaction; 
SG = Interactions with Seismic Gear; SP = Splash; U = Unknown. 
h Vessel Activity = Vessel activity at the time of the initial detection.  Codes:  DP = Deploying Seismic Gear; LS = Line Shooting; OT = Other; RC = Recovering Seismic Gear; RU = 
Ramp up; ST = Seismic Testing; SH = Shooting Offline. 
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APPENDIX J:  WEEKLY SUMMARIES OF VESSEL TRACKS AND 

SIGHTINGS 
 

 
FIGURE J.1.  Vessel tracklines and marine mammal sightings that occurred within the survey 
area north of Point Hope, Alaska, between 11-17 Aug 2010, during Statoil’s seismic survey.  The 
Geo Celtic was deploying gear and no seismic activity occurred this week. 
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FIGURE J.2.  Vessel tracklines and marine mammal sightings that occurred within the 
survey area north of Point Hope, Alaska, between 18-24 Aug 2010, during of Statoil’s 
seismic survey, 2010.  Seismic activity began 20 Aug 2010. 
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FIGURE J.3.  Vessel tracklines and marine mammal sightings that occurred within the 
survey area north of Point Hope, Alaska, between 25-31 Aug 2010, during of Statoil’s 
seismic survey, 2010. 
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FIGURE J.4.  Vessel tracklines and marine mammal sightings that occurred within the 
survey area north of Point Hope, Alaska, between 1-7 Sep 2010, of Statoil’s seismic 
survey, 2010. 
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FIGURE J.5.  Vessel tracklines and marine mammal sightings that occurred within the 
survey area north of Point Hope, Alaska, between 8-14 Sep 2010 during Statoil’s 
seismic survey. 
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FIGURE J.6.  Vessel tracklines and marine mammal sightings that occurred within the 
survey area north of Point Hope, Alaska, between 15-21 Sep 2010 during Statoil’s 
seismic survey. 
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FIGURE J.7.  Vessel tracklines and marine mammal sightings that occurred within the 
survey area north of Point Hope, Alaska, between 22-29 Sep 2010, during Statoil’s 
seismic survey. 
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FIGURE J.8.  Vessel tracklines and marine mammal sightings that occurred within the 
survey area north of Point Hope, Alaska, between 1-7 Sep 2010, during Statoil’s 
seismic survey.  All seismic activities were completed by 1 Oct 2010. 
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